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IkBC is a Key Regulator of Tumour Necrosis Factor-a and Interleukin-
17A-mediated Induction of Interleukin-36y in Human Keratinocytes
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The interleukin (IL)-36 cytokine family plays an essen-
tial role in inflammatory processes in the skin and is
implicated in the pathogenesis of psoriasis. This study
explored the role of IL-36 in psoriasis and investigated
the molecular mechanism involved in tumour necrosis
factor-a (TNFa)/IL-17A-mediated IL-36 induction. In
human keratinocytes IL-36 expression was strongly
upregulated by combined TNFa and IL-17A stimulation.
Moreover, IkB{, encoded by NFKBIZ, was identified as
a key regulator required for TNFa/IL-17A-induced IL-
36y expression. TNFa/IL-17A-induced IL-36y expres-
sion also involved the nuclear factor kB (NF-kB), p38
mitogen-activated protein kinaseand ERK1/2 signalling
pathways. Furthermore, a specific NF-kB DNA-binding
site in the promoter region of IL36G responsible for
the TNFa/IL-17A-induced IL36G gene expression was
identified. Finally, in a cohort of patients with psoria-
sis receiving anti-IL-17A treatment, a positive correla-
tion was found between the expression of NFKBIZ and
IL36G. In conclusion, these data reveal a novel crucial
regulatory mechanism by which TNFa and IL-17A re-
gulate IL-36y expression.
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he interleukin (IL)-36 cytokine family consists of

4 members: 1L-36a, IL-36f, IL-36y and IL-36Ra
which are encoded by /IL36A4, IL36B, IL36G and IL36RN,
respectively (1, 2). The IL-36 cytokines bind to the IL-36
receptor. Binding of IL-36a, IL-36p or IL-36y to the
IL-36 receptor leads to recruitment and binding of the
co-receptor IL-1RAcP (3). Activation of this receptor
complex leads to activation of the nuclear factor kB
(NF-kB) and mitogen-activated protein kinase (MAPK)
signalling pathways, resulting in induced expression of
inflammatory cytokines, such as IL-1pB, IL-6 and IL-8
(4). In contrast, binding of IL-36Ra to the IL-36 receptor
does not result in recruitment of IL-1RAcP and therefore
exerts antagonistic effects (5). The role of IL-36Ra as
a receptor antagonist is supported by the discovery of
loss-of-function mutations in /L36RN in patients with
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SIGNIFICANCE

Psoriasis is a common chronic skin disease. The skin
cells play a crucial role in the psoriasis disease mecha-
nism by producing key disease promoting factors such as
interleukin-36y and IkB( in response to interleukin-17A and
tumour necrosis factor-a. In this study, we identify IkB(
as an essential regulatory factor for interleukin-17A- and
tumour necrosis factor a-mediated induction of interleukin-
36y in human skin cells. Moreover, we identified a specific
DNA sequence in the promoter region of IL36G (the gene
encoding interleukin-36y) which was responsible for the
interleukin-36y expression. In addition, in a cohort of pso-
riasis patients receiving anti-interleukin-17A treatment, we
demonstrated a strong correlation between the expression
of IkBC and interleukin-36y.

generalized pustular psoriasis (6). All IL-36 cytokines
possess multiple roles in host immunity and inflamma-
tory processes, making them potential treatment targets
in inflammatory diseases (7, 8).

Psoriasis is a chronic inflammatory skin disease cha-
racterized by a strong Th17 response and an increased
expression of a number of proinflammatory cytokines,
including IL-17A, TNFa, and IL-23 (9). Stimulation
of keratinocytes with IL-17A and TNFa increases the
expression of IL-36a, IL-36f and IL-367y. Furthermore,
these IL-36 cytokines increase the expression of TNFa,
IL-8, IL-6 as well as IL-36 cytokines themselves (10).
Accumulating evidence suggests that IL-36 cytokines
are important in psoriasis. The IL-36 cytokines IL-36a,
IL-36y and IL-36Ra have been found to be highly over-
expressed in lesional skin from psoriatic patients and
seem to correlate with IL-17A expression (8, 10). Inte-
restingly, the level of IL-36y correlates with the extent of
skin inflammation and the IL-36y serum level has been
found to correlate with disease activity in psoriasis (10,
11). In addition, a recent study identified polymorphisms
in the IL36G gene, which were associated with plaque
psoriasis (12).

Interestingly, transgenic expression of IL-36a pro-
motes psoriasis-like skin abnormalities in mice (13).
Moreover, Th17 cell-derived cytokines induce the ex-
pression of IL-36 cytokines both in skin of mice and in
human keratinocytes (10). In the imiquimod-induced
psoriasis model, blocking of the IL-36 receptor resulted
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in less severe skin lesions, decreased neutrophil infiltra-
tion and reduced chemokine (CXCL-1, CXCL-2, CXCL-
5) and cytokine (IL-36y, IL-17A, TNFa, IL-22) expres-
sion (14). Thus, IL-36 appears to have a central role in
psoriatic skin disease and, together with IL-17, drives
potent feedback loops reinforcing proinflammatory gene
expression. Despite its importance for skin inflammation,
however, the regulatory mechanisms involved in IL-36
expression remain unknown. This study explores and
characterizes these underlying molecular mechanisms.

MATERIALS AND METHODS

Psoriatic patients

Biopsies from 14 psoriatic patients treated with secukinumab
were taken as described previously (15). Briefly, 4-mm skin punch
biopsies were taken on days 0, 4, 14, 42 and 84 during treatment.
A target lesion was chosen, and biopsies collected from lesional
and non-lesional psoriatic skin at baseline. These biopsies were
used for correlation analysis of NFKBIZ and IL36G expression. In
another cohort of 12 psoriatic patients and 7 healthy controls 4-mm
skin punch biopsies were collected. The biopsies were taken from
the centre of a chronic plaque and non-lesional psoriatic skin from
either the upper or the lower extremities. Biopsies from lesional
and non-lesional psoriatic skin were taken as paired samples from
the same body region. The study was approved by the Regional
Ethical Committee of Region Midtjylland, Denmark, and was
conducted in compliance with the Declaration of Helsinki. Signed
informed consent was obtained from each patient.

Cell cultures

Primary human keratinocytes were obtained by trypsinization of
skin from patients undergoing plastic surgery, as described (16).
Second-passage keratinocytes were grown in keratinocyte serum-
free medium (KSFM) (Life Technologies, Austin, TX, USA) at
37°C and 5% CO, in an incubator 24 h before stimulation with
TNFa (10 ng/ml) and IL-17A (100 ng/ml), the medium was re-
placed by medium without growth factors. In some experiments,
cells were preincubated with a p38 MAPK inhibitor SB202190
(10 uM), an inhibitor of nuclear factor kB kinase 2 (IKK2)
SC-514 (50 uM), a JNK inhibitor SP600125 (20 uM), or an
ERK1/2 inhibitor PD98059 (50 uM) (all from Calbiochem,
La Jolla, CA, USA) for 45 min before stimulation.

1IL36G reporter plasmid construct

The human /L36G promoter was cloned into the pGL4.10[luc2]
vector by Genscript (Piscataway, NJ, USA), generating an
IL36G 1632-Luc2 reporter plasmid as described previously (17).
Truncation of this promoter fragment was made by Genscript
creating 3 new plasmids: /L36G _1427-Luc2, IL36G _1151-Luc2
and /L36G _887-Luc2. Five transcription factor binding sites were
mutated in /L36G 1427-Luc2: IL36G_AOCT1/3 (containing a
mutated OCT1/3 binding site, —573 to —559 bp), IL36G_ACEBP/j
(containing a mutated CEPB/B binding site, 467 to —453 bp),
IL36G ANF-kB/a (containing a mutated NF-xB binding site,
—337 to —323 bp), IL36G_ANF-kB/b (containing a mutated
NF-xB binding site, =337 to —323 bp) and /L36G_AOCT]1 (con-
taining a mutated OCT1 binding site, —160 to —142 bp). Details
of the constructs are shown in Table ST'.
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Electrophoretic mobility shift assay

The oligonucleotides used were: NF-kB: 5'-ACTCTGGGAAATT-
CCCTTAGTT-"3 and NF-xB mutant: 5'-ACTCTATACAGG-
GAACGTAGTT-"3 (the mutation is underlined). Isolation of the
nuclear fraction of human keratinocytes, labelling of oligonucleo-
tides and the gel shift assay were performed as described pre-
viously (18). Briefly, the oligonucleotides were labelled by T4
polynucleotide kinase (Promega, Madison, W1, USA) in T4 kinase
buffer (Promega) and then purified on a nick column (Illustra™
NICK columns sephadex™ G-50 DNA grade, GE Healthcare,
Amersham, UK). Nuclear protein (1-2 ng) was incubated with the
32P-labelled oligonucleotides, separated on a 6% DNA Retarda-
tion Gel (Invitrogen, Carlsbad, CA, USA) and visualized on X-ray
film. Supershifts were performed with antibody against pS0 and
p65 (cat. number sc-7178 and sc-7151, respectively; Santa Cruz
Biotechnology, Santa Cruz, CA, USA).

Statistical analysis

Statistical analysis was performed using Student’s z-test. If the
combined TNFa and IL-17A stimulation was significantly higher
than the additive effect of stimulation with TNFa and IL-17A
alone, the effect was considered synergistic. A probability of
p<0.05 was regarded as statistically significant.

Supplementary Materials and Methods can be found in
Appendix S1'.

RESULTS

Interleukin-36 gene expression is increased in psoriatic
skin

The gene expression pattern of /L36 in psoriatic skin
has been investigated previously, but conflicting data
exist (8, 19). The current study examined the mRNA
expression of IL36A, IL36B, IL36G and IL36RN in
skin biopsies from 12 psoriatic patients and 7 healthy
controls. The mRNA expression of all 4 /L36 members
was significantly increased in lesional psoriatic skin
compared with non-lesional skin from the same patient
(Fig. S1'). Unlike mRNA expression of IL36A4, IL36G
and /L36RN, transcription of /L36B was much weaker
and did not significantly differ between samples from
lesional psoriatic skin compared with healthy skin con-
trols. Furthermore, in agreement with previous data (11),
1L36G and IL36RN mRNA expression was significantly
increased in non-lesional psoriatic skin compared with
skin of healthy controls (Fig. Slc and d'). These studies
strongly indicate a role of IL-36 cytokines in the patho-
genesis of psoriasis.

Tumour necrosis factor-a and interleukin-17A synergisti-
cally induce interleukin-36 expression in human kera-
tinocytes

TNFa and IL-17A are key cytokines in the pathogenesis
of psoriasis, and combined stimulation of human kera-
tinocytes with the 2 cytokines results in a synergistic
induction of a number of psoriasis-associated genes
(20-26). Thus, in order to investigate the effect of TNFa,
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IL-17A and their combination on IL-36 expression,
human keratinocytes were stimulated for various time-
points. Combined TNFa and IL-17A (TNFo/IL-17A)
stimulation for 6 and 12 h significantly increased /L36A4
mRNA expression (Fig. 1a). The same tendency was
observed after TNFo/IL-17A stimulation for 24 h. A
significant induction of /L36B expression was seen
after stimulation with IL-17A and TNFo/IL-17A for 12 h
and after stimulation with TNFa and TNFa/IL-17A
for 24 h (Fig. 1b). Interestingly, combined stimulation
with TNFa and IL-17A for 12 and 24 h resulted in a
synergistic and significant induction of /L368 mRNA.
1IL36G expression was significantly increased by IL-17A
stimulation alone for all time-points investigated, and a
synergistic induction of /L36G expression was observed
for all time-points after TNFa/IL-17A stimulation (Fig.
1¢). A significant synergistic induction of ZL36RN mRNA
upon TNFa/IL-17A stimulation was demonstrated after
24 h. Combined TNFa and IL-17A stimulation for 6 and
12 h, significantly, but not synergistically, increased the
IL36RN expression compared with vehicle treatment
(Fig. 1d). In addition, stimulation with TNFa for 24 h
resulted in significant induction of /L36RN mRNA.
This study also analysed whether the increased mRNA
expression was paralleled by increased protein produc-
tion of [L-36 cytokines. The protein level was measured
over a 48-h period and, in agreement with the mRNA
data, a highly increased induction of IL-36a, IL-36y and
IL-36Ra after TNFo/IL-17A stimulation was demonstra-

IkB( is a key regulator of IL-36y expression 3/8
ted (Fig. le). In contrast, only a minor increase in the
protein level of IL-36 was observed (Fig. 1e). As TNFo/
IL-17A stimulation resulted in the highest fold induction
of IL36G expression, the molecular mechanism under-
lying this induction was further investigated.

Interleukin-36y is induced by a p38 mitogen-activated
protein kinase-, ERK1/2- and nuclear factor kB (NF-
dependent mechanism)

To further investigate the molecular mechanism medi-
ating the synergistic effect of TNFa and IL-17A on
IL36G gene expression, human keratinocytes were
preincubated with inhibitors of the MAPK or the NF-kB
signalling pathway. Preincubation with the p38 MAPK
inhibitor SB202190, the ERK 1/2 inhibitor PD98059, or
the NF-kB inhibitor SC-514 significantly reduced TNFo/
IL-17A-induced /L36G expression (Fig. 2a). In contrast,
preincubation with the JNK1/2 inhibitor SP600125 did
not significantly affect /L36G expression. IL-36y protein
level was also examined after preincubation with the
indicated inhibitors. Similar alterations in IL-36y protein
levels were found as observed for /L36G mRNA expres-
sion (Fig. 2b). JINK1/2 inhibition resulted in a significant
increase in TNFo-mediated induction of /L36G mRNA
expression, but did not seem to influence IL-17A- and
TNFo/IL-17A-mediated induction of /L36G mRNA. The
same effect of the JNK1/2 inhibitor on IL-36y expression
was observed at the protein level (Fig. 2b).
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Fig. 2. Characterization of tumour necrosis factor-a (TNFa)/interleukin (IL)-17A-induced IL-36y expression. Human keratinocytes were
incubated with the p38 mitogen-activated protein kinase (MAPK) inhibitor SB202190, the ERK1/2 inhibitor PD98059, the IKK2 inhibitor SC-514, the INK
inhibitor SP600125 or with vehicle (Veh) for 45 min before stimulation with TNFa and/or IL-17A for 24 h. (@) IL36G mRNA expression was measured by
gPCR (n=3). Results are expressed as mean +standard deviation. RPLPO mRNA expression was used for normalization. (b) The protein level of IL-36y was
measured by western blotting with B-actin as a loading control (n=3). *p <0.05 compared with TNFa- and/or IL-17A-stimulated cells without inhibitors.

Tumour necrosis factor-o/interleukin-17A-induced 1L36G
gene expression is mediated by IkB{

IxBC( is a transcriptional coactivator, which is rapidly
induced by IL-17A. It is known to be critical for IL-17A-
driven effects by exerting its transcription-enhancing
activity on inflammatory secondary response genes (27).
In order to characterize the role of IkB{ in TNFa- and/
or IL-17A-mediated /L36G gene expression, siRNA was
used to knockdown NFKBIZ, the gene encoding IkBC. A
strong knockdown of IxB( expression at both the protein
and mRNA level was shown in keratinocytes transfected
with IkB{ siRNA compared with keratinocytes trans-
fected with control siRNA (siCon) (Fig. 3a and b). IxB{
siRNA transfection before IL-17A and TNFo/IL-17A
stimulation significantly diminished /L36G expression
compared with control siRNA-transfected cells, sugges-
ting that [xB( plays a central role in expression of /L36G
(Fig. 3c). Interestingly, IkB{ was not involved in TNFa/
IL-17A-induced mRNA expression of /L36A4, IL36B and
IL36RN (Fig. S2'), demonstrating that, in the regulation

of the IL-36 cytokines, IkB{ seems to be specific for
IL-17A- and TNFo/IL-17A-induced /L36G expression.

Identification of the specific nuclear factor kB DNA-binding
site essential for tumour necrosis factor-a/interleukin-
17A-induced IL36G promoter activity

IkBC, which is devoid of a DNA-binding region, asso-
ciates with DNA-binding NF-kB proteins p50 or p52,
and thereby gains access to DNA-regulatory regions of
distinct NF-«xB target genes (28). Because IL-36y was
regulated by a mechanism involving IxB(, the current
study next examined the /L36G promoter region. Thus,
1632 bp of the /L36G promotor were ligated in front of
the firefly luciferase gene, and this plasmid construct
was used to transiently transfect human keratinocytes.
TNFa and/or IL-17A stimulation of transfected cells
significantly induced /L36G promoter activity (Fig.
4a), indicating that /L36G is regulated at the transcrip-
tional level after TNFa and/or IL-17A stimulation. To
uncover the region(s) of the /L36G promoter involved
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Fig. 3. IkB{ is involved in tumour necrosis factor-a (TNFa)/interleukin (IL)-17A-induced IL36G mRNA expression. Human keratinocytes
were transfected with IkBC or control siRNA (siCon) 24 h before stimulation with TNFa or/and IL-17A for (a and b) 1 h or (c) 24 h. IkB{ knockdown was
measured by (a) western blotting (n=6) using B-actin as a loading control or by (b) gPCR (n=4) using RPLPO as a reference gene. (c) gPCR was used to
analyse IL36G mRNA expression (n=6). RPLPO was used as a reference gene for normalization. Results from qPCR are expressed as mean+SD. *p <0.05
compared with the corresponding siCon samples.
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in this induction, the full-length /L36G-1632-Luc?2 pro-
moter was further analysed using truncated constructs:
1L36G 1427-Luc2, IL36G 1151-Luc2 and IL36G 887-
Luc2. Using these deletion constructs, the current study
demonstrated that truncation to /L36G 887-Luc?2 resul-
ted in a significant decrease in /L36G promoter activity
(Fig. 4b). Because a small, but insignificant, reduction in
IL36G promoter activity was observed upon truncation of
the plasmid from /L36G 1427 to IL36G 1151 (Fig. 4b),
the IL36G 1427-Luc2 plasmid was chosen for further
investigation, to ensure that no potentially important
transcription factor binding sites were overlooked.
Using the Genomatix software we identified 5
transcription factor binding sites previously repor-
ted to be associated with 1L-17A-mediated effects.
These binding sites were exchanged by point muta-
tions in /L36G_1427-Luc?2 to identify their respec-
tive roles in the induction of /L36G: IL36G _AOCT1/3,
1L36G _ACEBP/B, IL36G _ANF-kB/a, IL36G_ANF-kB/b
and IL36G_AOCT] (Fig. 4c). Interestingly, using these

mutated constructs the current study found that a specific
point mutation in the proximal NF-kB-binding site ANF-
kB/b significantly decreased TNFa/IL-17A-induced
IL36G promoter activity (Fig. 4d). This demonstrates that
the proximal, but not the more distal, NF-kB-binding site
plays a crucial role in TNFa/IL-17A-mediated activation
of the /IL36G promoter.

Knowing that TNFa/IL-17A-induced activation of
the IL36G promoter is dependent on one specific NF-kB
DNA binding site, the current study next investigated
whether NF-«xB binds to this specific DNA binding site.
An oligonucleotide matching the putative NF-xB DNA
binding site was designed. Stimulation with TNFa and/
or IL-17A clearly increased the DNA binding of NF-kB
to its specific binding site (bp —286 to —272) with the
strongest binding activity resulting from TNFa stimula-
tion alone and from combined TNFa and IL-17A stimu-
lation (Fig. 4e). The specificity of the bound complex
was determined by supershift assay, as incubation of
the DNA-protein complex with anti-p65 and anti-p50
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antibodies resulted in a shift of the bands indicating
the specificity (Fig. 4¢). Furthermore, no DNA binding
was seen when the nuclear extracts were incubated with
an oligonucleotide mutated in the NF-xB binding site.
Hence, the specificity of the binding sequence is essential
for NF-xB DNA binding (Fig. 4e).

Expression of NFKBIZ and 1L36G is positively corre-
lated in psoriatic skin during anti-IL-17A treatment

Because IkB{ was shown to be essential for TNFo/
IL-17A-induced expression of IL-36y and because /L36G
expression was highly increased in lesional psoriatic
skin, the study next analysed for a potential correlation
between NFKBIZ and IL36G mRNA expression during
anti-IL-17A treatment in patients with psoriasis. In a
cohort of 14 patients with psoriasis all treated with se-
cukinumab, an anti-IL-17A drug, as described previously
(15), a positive correlation was demonstrated between
NFKBIZ and IL36G mRNA expression in lesional
psoriatic skin during secukinumab treatment (Fig. 5).
These data support the in vitro data showing that 1kB{
is a transcriptional regulator of /L36G expression and
suggest a role for IkB{-mediated regulation of /L36G
in psoriatic skin.

DISCUSSION

Accumulating evidence suggests that 1L.-36 signalling
plays a pivotal role in the pathogenesis of psoriasis (8, 10,
14, 29). IL-36 cytokines are expressed by a variety of cell
types, but are abundantly produced by keratinocytes upon
IL-17A and TNFa stimulation (10, 19, 30-32). IL-17A
and TNFa are key effector cytokines in the pathogenesis

Day 0
Day 4
Day 14
Day 42
Day 84

0 20 40 60 80 100
IL36G
Fig. 5. NFKBIZ and IL36G expression are positively correlated in
psoriaticskin during anti-interleukin (IL)-17A treatment. Quantitative
PCR was used to analyse the mRNA expression of NFKBIZ and IL36G in
punch biopsies taken from lesional psoriatic skin during secukinumab
treatment. RPLPO was used as a reference gene for normalization. The
correlation between the mRNA expression levels of NFKBIZ and IL36G was

analysed as indicated in the figure.
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of psoriasis, and numerous proinflammatory cytokines
are synergistically induced in keratinocytes after com-
bined IL-17A and TNFa stimulation (20, 31). Although
different studies have investigated the expression of
IL-36 cytokine family members after IL-17A and TNFa
stimulation (19, 30, 32) a comprehensive study investiga-
ting the precise mechanism by which IL-17A and TNFa
regulate the expression of IL-36 in human keratinocytes
has not been conducted. In this study, we characterize
IL-36 in psoriasis and delineate the underlying molecular
mechanism through which IL-17A cooperates with TNFa
to induce a synergistic response on the IL-36y expression
in human keratinocytes.

We found that all 4 IL-36 family members were in-
ducible in primary human keratinocytes upon TNFo/
IL-17A stimulation; however, only induction of IL-36y
was mediated by an IkB{-dependent mechanism.
Because 1kB( is described to function as an activator of
NF-«B target genes and because the promoter regions of
IL36A, IL36B and IL36RN in contrast to /L36G do not
contain putative NF-kB DNA binding sites, this might
explain why only /L36G is regulated through an IxB(C-
dependent mechanism. In addition to what was observed
in the keratinocytes after TNFo/IL-17A stimulation, we
also found an increased level of IL-36Ra in lesional pso-
riatic skin compared with non-lesional psoriatic skin and
healthy skin. This observation might be explained by the
fact that IL-36Ra, being an antagonist, is produced in high
levels to dampen the inflammatory response. Previous
studies by our group and others demonstrated [kB( to play
an important role in psoriasis development by mediating
IL-17A signalling resulting in induction of proinflamma-
tory mediators in keratinocytes (27, 33). Moreover, recent
data identified IkBC as a crucial regulator of IL-36a- and
IL-36y-driven psoriasis-associated gene expression in
human keratinocytes (29). Thus, IkB( seems to be a key
regulatory protein, not only for IL-17A-driven effects,
but also for the signalling of specific IL-17A-induced
signature genes, such as IL-36a and IL-36y in human
keratinocytes (29). In a previous study conducted in
human colonic myofibroblasts, IL-13 was shown to
induce the expression of IL-36y by a mechanism involv-
ing the intracellular signalling pathways p38 MAPK,
ERK1/2 and NF-kB (34). In agreement with this, we
found that TNFo/IL-17A-induced IL-36y expression not
only was mediated by an IkB{-dependent mechanism,
but also involved the p38 MAPK, ERK1/2 and NF-kB
signalling pathways, because inhibition of each of these
signalling pathways significantly attenuated IL-36y ex-
pression. These intracellular pathways all play a role in
psoriasis, and have been shown to have increased activity
in psoriatic skin (35-37).

Investigating IL-36 expression in skin samples from
psoriatic patients, we found that all 4 1L-36 family
members were increased in lesional compared with non-
lesional psoriatic skin. However, IL36B had a relatively
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modest expression level in psoriatic skin compared with
the other IL-36 family members. Among the proinflam-
matory IL-36 members we observed a 2-fold increase
in IL36B expression between lesional and non-lesional
psoriatic skin, whereas we observed a ~1,000-fold and
a ~50-fold induction of /L36A4 and IL36G, respectively,
suggesting that these 1L-36 family members might be
the dominating members in the pathogenesis of plaque
psoriasis. This is also supported by previous data by
Mahil et al. (14), which suggests a prominence of IL-36y
in the early pathogenesis of psoriasis. Likewise, D’Erme
et al. (38) highlight IL-36y as a valuable biomarker in
psoriasis and, just recently, polymorphisms in the /L36G
gene have been associated with plaque psoriasis (12).
Thus, several studies, including this one, indicate that,
among the IL-36 family members, IL-36y especially
might be an essential cytokine in the pathogenesis of
plaque psoriasis. In this context, the development of
new drugs targeting IL.-36y as a therapeutic strategy for
plaque psoriasis might represent an alternative to anti-
IL-17A or anti-TNFa therapy. Another approach could
be to target IkB(, which constitutes a regulatory key
point not only for IL-17- and IL-36-driven effects (27,
29), but also for TNFo/IL-17A-mediated induction of
IL-36y in human keratinocytes, as shown in this study. In
further support of IxB( being involved in the regulation
of IL-36y, we demonstrated a clear correlation between
the expression of NFKBIZ and IL36G in psoriatic skin
during secukinumab treatment.

In conclusion, this study delineates the molecular
mechanism by which TNFa and IL-17A mediate the
induction of IL-36y in human keratinocytes, and identify
IxB( as a master regulator of IL-36y expression, whereas
IkB{ seems to be dispensable for the regulation of the
other IL-36 family members.

The authors have no conflicts of interest to declare.
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