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Psoriasis is characterized by epidermal hyperplasia and an infil-
trate of dendritic cells (DCs), T cells, macrophages and
neutrophils. Psoriasis is believed to be immune-mediated,
with cytokines, chemokines, resident skin cells and infiltrating
leucocytes creating an inflammatory network that culminates
clinically in scaly, erythematous plaques, in which keratino-
cyte hyperproliferation and abnormal differentiation cause epi-

dermal thickening. -5

Importantly, DCs, T-helper 1 (Thl), T-helper 17 (Thl7),
and T-cytotoxic 17 and 22 (Tc17 and Tc22, respectively) cells
produce cytokines involved in initiating and/or maintaining
psoriatic plaques.'™ Notable Th17-related cytokines include
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Background Psoriasis is a Th17/Thl-mediated skin disease that often responds to
antitumour necrosis factor (TNF)-o therapies, such as etanercept.

Objectives To better define mechanisms by which etanercept improves psoriasis and
to gain insight into disease pathogenesis.

Methods We investigated the early biochemical and cellular effects of etanercept on
skin lesions in responder patients prior to substantial clinical improvement
(< 4 weeks).

Results By 1 week, etanercept acutely suppressed gene expression of the interleu-
kin (IL)-20 subfamily of cytokines (IL-19, IL-20, IL-24), which were found to
be predominantly epidermis-derived and which are implicated in stimulating epi-
dermal hyperplasia. Additionally, by 1 week of therapy, suppression of other
keratinocyte-derived products (chemokines, antimicrobial proteins) occurred,
while suppression of epidermal regenerative hyperplasia occurred within 1-
3 weeks. Th17 elements (IL-23p19, IL-12p40, IL-17A, IL-22) were suppressed
by 3—4 weeks. In vitro, TNF-ot and IL-17A coordinately stimulated the expression
of the IL-20 subfamily in normal keratinocytes.

Conclusions Based on the rapid suppression of regenerative hyperplasia, chemokines
and other keratinocyte-derived products, including the IL-20 subfamily, we pro-
pose that epidermal activation is a very early target of etanercept. As many of
these keratinocyte markers are stimulated by TNF-a, their rapid downregulation
is likely to reflect etanercept’s antagonism of TNF-o. Additionally, decreased epi-
dermal hyperplasia might result specifically from acute suppression of the IL-20
subfamily, which is also a likely consequence of etanercept’s antagonism of TNF-a.
Thus, the IL-20 subfamily has potential importance in the pathogenesis of psoria-

sis and therapeutic response to etanercept.

interleukin (IL)-23, IL-17A and IL-22. IL-23 is produced
largely by

‘inflammatory” DCs and stimulates develop-

3,4,6
In

ment/maintenance of Th17 and, possibly, Tcl7 cells.
turn, Th17 and Tcl7 cells produce IL-17A and IL-22. Key
producers of IL-22 in humans also include T-helper 22 and
Th1 cells.”® IL-17A stimulates keratinocytes to produce anti-

o711 while 1L-22
10,12—15

microbial peptides (AMPs) and chemokines,
stimulates AMP production and epidermal hyperplasia.
Additionally, mast cells and macrophages have been shown to
produce IL-17A and IL-22, respectively, in psoriasis.'®

In addition to Th17 cytokines, other potentially important
cytokines include IL-19, IL-20 and IL-24, which are upregulated
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in psoriasis.'’™'” Here, we define these cytokines as the ‘IL-20
15,20

subfamily’, as they share structural similarity, bind to the
same receptors, activate signal transducer and activator of tran-
scription (STAT) 3, and come from similar sources, including
DCs, monocytes/macrophages and keratinocytes.'”** The IL-
20 subfamily belongs to the IL-10 cytokine family, which also
includes IL-22. Thus, IL-22 is closely related to the IL-20 sub-
family, but is distinctly a Th17 cytokine (and therefore
grouped separately here). Similar to IL-22, the IL-20 subfam-
ily members stimulate epidermal hyperplasia in model sys-

1
tems. s

16 15,26

These cytokines also upregulate cytokeratin (CK)
a marker of abnormal differentiation and/or regenera-
tive hyperplasia that is overexpressed in psoriatic epidermis.”’
Regenerative hyperplasia refers to keratinocyte hyperprolifera-
tion akin to that seen in wound healing.?®

The importance of proinflammatory cytokines in the patho-
genesis of psoriasis is substantiated by the efficacy of cyto-
kine-based therapies, such as etanercept, adalimumab and
infliximab, which target tumour necrosis factor (TNF)-o. A
recent study suggests that etanercept reduces epidermal thick-
ening in psoriasis by targeting products of DCs and Thl7
cells.”* Here, we investigated the mechanisms of etanercept
in vivo to gain additional insight into psoriasis pathogenesis.
We examined early biochemical responses, prior to substantial
clinical improvement. We found that etanercept rapidly sup-
presses many keratinocyte products, as well as epidermal
expression of IL-19, IL-20 and IL-24, which is likely to reduce
regenerative hyperplasia.

Materials and methods

Patients

The study (http://www.clinicaltrials.gov, NCT00111111) was
approved by our Institutional Review Board. All patients pro-
vided written informed consent. Inclusion criteria included
age = 18 years and stable plaque-type psoriasis involving
2> 10% body surface area (BSA). Exclusion criteria included
systemic therapy within 4 weeks, topical therapy within
2 weeks, or severe comorbidities. Subjects received etanercept
50 mg twice weekly subcutaneously for 12 weeks. For clinical
assessments, a single or two dermatologists evaluated the same
subject throughout the study. For each subject, punch biopsies
(6 mm) were obtained at baseline under local anaesthesia
(lidocaine) from uninvolved skin and a target plaque. Subse-
quently, biopsies (6 mm) were obtained from the same
plaque at weeks 1, 2, 3 and 4 for each subject. Biopsies were
stored in OCT medium at —80 °C for later analysis.

Gene expression

After RNA extraction (RNeasy Micro kit; Qiagen, Valencia,
CA, US.A), real-time reverse transcriptase—polymerase chain
reaction (RT-PCR) was performed with primers/probes from
Applied Biosystems (Carlsbad, CA, U.S.A.), as previously
described.*® Expression was normalized to 36B4.

© 2012 The Authors
BJD © 2012 British Association of Dermatologists 2012 167, pp92-102

Laser capture microdissection

Cryosections (14 pm) were collected on to polyethylene
naphthalate foil-coated slides (Leica Microsystems, Bannock-
burn, IL, U.S.A.) and stained with 0:5% thionin, according to
manufacturer protocol (Leica LMD Protocol Guide). Using a
Leica AS/LMD, epidermis and dermis were microdissected and
collected separately in lysis buffer (RNeasy Micro kit; Qiagen)
prior to RNA extraction and RT-PCR. Using an internal con-
trol, 36B4, expression levels were normalized to total obtained
RNA, as described previously.*'

Immunostaining

Cryosections (7 pm) were stained, as previously described,*’
using monoclonal antibodies against CK16 (Novocastra, Ban-
nockburn, IL, U.S.A.), CK6 (Abcam, Cambridge, MA, U.S.A.),
CK17 (Abcam), transglutaminase (Biochemical Technologies,
Stoughton, MA, U.S.A.), Ki67 (Biogenex, San Ramon, CA,
U.S.A)), CDllc (Dako, Carpinteria, CA, U.S.A.)), CD3 (BD
Pharmingen, Franklin Lakes, NJ, U.S.A.), CD4 (Biogenex) and
CD8 (Biogenex). Area stained and epidermal thickness were
quantified using Image-Pro Plus v4.1 (Media Cybernetics, Sil-
ver Spring, MD, U.S.A.). Isotype control for each primary anti-
body demonstrated no staining.

In vitro experiments

Normal human epidermal keratinocytes (NHEKs) were estab-
lished as described previously,*” used in the second or third
passage, grown to 4 days postconfluency, and starved of
growth factors in unsupplemented M154 medium (Invitro-
gen/Cascade Biologics, Portland, OR, U.S.A.) for 24 h. Cul-
tures were then stimulated with human IL-17A (10 ng mL™")
and/or TNEF-o (1 ng mL™") (both from R&D Systems, Minne-
apolis, MN, U.S.A.) for 24 h. Recombinant cytokines were
dissolved in sterile filtered 0:1% bovine serum albumin in
phosphate-buffered saline (PBS). Control stimulations were
done with vehicle only (0-1% bovine serum albumin in PBS).
RNA was extracted as described above.

Statistics

Analyses are restricted to responders and are presented as
means = SEM. Given the longitudinal nature of the design,
the repeated measures model and maximum likelihood ap-
proach for estimating the parameters and their standard errors
was used. In the mixed model, likelihood ratio tests were used
to assess statistical significance, and time was coded with
dummy variables. SAS v9.1 (SAS Institute Inc., Cary, NC,
US.A.) was used to perform the analysis. The paired t-test
was used to compare baseline lesional and uninvolved skin,
and to analyse epidermal and dermal contributions in laser
capture microdissection (LCM) experiments. One-way ANOVA
with Tukey post-hoc comparisons were used to assess differ-
ences between contributions at each time point and to analyse
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in vitro data. When appropriate, logarithmic transformation was
applied to achieve normality. All statistical tests were two
sided with an overall alpha level of 0-05 used to determine
significance.

Results

Substantial clinical improvement by 3 months of therapy

Patients received etanercept without severe adverse events.
Using published criteria,** we determined that 25 of 30 sub-
jects were responders, defined as patients with Physicians’
Global Assessment (PGA) <2 at week 12 of therapy and
improvement of PGA from baseline. PGA is a validated scale
that correlates with Psoriasis Area and Severity Index.** Mean
+ SEM PGA of responders at baseline was 3:2 * 0-1, equiva-
lent to ‘moderate’ disease, with improvement beginning at
(28 £ 0-1, P <0-001) substantial at

(1301, or P <0001,
Fig. la). Individual clinical parameters, including erythema,

2 weeks and most

12 weeks ‘minimal’  disease,
induration and scaling, exhibited similar trends (Fig. 1b—d).
At baseline, involved BSA in responders was 21 * 2%, with
improvement starting at 4 weeks (18 + 2%, P = 0:03) and
most substantial at 12 weeks (8 * 2%, P < 0-001, Fig. le).
Overall, response rate and degree of improvement were con-

. . . 124,33
sistent with earlier trials.

Analyses of mnonresponders
(n = 5) were underpowered to detect differences due to small
sample size, and therefore, only responder data are presented.
Given limited tissue, the number of analysed responders ran-

ged from seven to 20 for each marker.

The interleukin-20 subfamily is acutely suppressed by
etanercept and derived predominantly from psoriatic
epidermis

Consistent with previous reports,'”™'?** the IL-20 subfamily
was overexpressed in baseline lesional skin, with gene expres-
sion of IL-19, IL-20, IL-24 and STAT3 increased 98-, 31-,
7-4- and 2-2-fold, respectively, compared with uninvolved
skin (all P < 0-001, Table 1). By week 1 of therapy, IL-19,
IL-20 and IL-24 expression decreased by 53% (P = 0-01), 57%
(P <0001) and 66% (P = 0-006), respectively, compared
with baseline plaques (Fig. 2a). Additionally, expression of
STAT3 decreased significantly by week 1 (P = 0:02, Fig. 2a).

IL-19, IL-20 and IL-24 are derived from keratinocytes and
leucocytes in the upper dermis. To determine the relative con-
tribution of different cell types to production of these cyto-
kines, we wused laser capture microdissection (LCM) to
separate untreated lesional epidermis and dermis. Gene expres-
sion of IL-19, IL-20, IL-24 and STAT3 was overwhelmingly
greater in epidermis than dermis (all P < 0-05, Fig. 2b).

The IL-20 subfamily binds to receptors on keratinocytes,
with IL-19, IL-20 and IL-24 binding to a complex consisting
of IL-20 receptor 1 (IL-20R1) and IL-20 receptor 2 (IL-
20R2), and IL-20 and IL-24 binding to the complex
IL-20R2/1L-22 receptor 1 (IL-22R1) (Fig. S1; see Supporting
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Fig 1. Substantial clinical improvement of psoriasis by 12 weeks of
etanercept therapy. (a) Physicians’ Global Assessment (PGA, 0 = clear,

= severe), (b) erythema, (c) induration, (d) scaling and (e)
involved body surface area (BSA) were determined in responder
patients (n = 25) at weeks 0 (baseline), 2, 4 and 12 of therapy. Data
are presented as means £ SEM. *P < 0:05, ***p < 0-001, compared
with baseline.

19,25,36,37 18,35

Information). Consistent with previous reports,
gene expression of IL-20R1 and IL-20R2 demonstrated a sig-
nificant decrease (P = 0:02) and downward trend, respec-
tively, in untreated plaques, compared with uninvolved skin
(Fig. S1; see Supporting Information). At week 3, expression
of these subunits normalized (P < 0:001). Expression of IL-

22R1 was increased in baseline plaques (P = 0:03), but did
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Table 1 Gene transcripts upregulated in

psoriatic plaques at baseline

mRNA transcript

Fold change in

Functional importance untreated lesional skin®

IL-20 subfamily
IL-19
IL-20
IL-24
STAT3

Regenerative maturation markers

CK16

CK17

Markers of keratinocyte activation

CXCL1

CXCL8

CCL20

CXCL10

IL-1B
hCAP-18/LL-37
HBD-2

HBD-3

AREG

HB-EGF

Markers of dendritic cell activation

IL-12p40
IL-23p19
iNOS

Markers of T-cell activation

IL-17A
IL-22

IL-20-related cytokine 98
IL-20-related cytokine 31
IL-20-related cytokine 74
Downstream mediator of IL-20 subfamily 22
Upregulated in hyperproliferative 22
psoriatic keratinocytes
Upregulated in hyperproliferative i
psoriatic keratinocytes

Neutrophil chemoattractant 16
Neutrophil chemoattractant 68
T-cell and dendritic cell chemoattractant 15
T-cell chemoattractant 3-8
Inflammatory cytokine 67
Antimicrobial peptide 68
Antimicrobial peptide 1234
Antimicrobial peptide 100
Keratinocyte growth factor 36
Keratinocyte growth factor 24
Th17-related, inflammatory cytokine 49
Th17-related, inflammatory cytokine 2:9
Inducible nitric oxide synthase 11
Th17-related, inflammatory cytokine 113
Th17-related, inflammatory cytokine 63

IL, interleukin; STAT, signal transducer and activator of transcription; CK, cytokeratin; hCAP-
18/1L-37, human cathelicidin antimicrobial peptide-18/leucine-leucine-37; HBD, human -
defensin; AREG, amphiregulin; HB-EGF, heparin-binding epidermal growth factor-like growth
factor; iNOS, inducible nitric oxide synthase. “With respect to uninvolved skin. All fold

changes P < 0-001.

not normalize during 4 weeks of therapy (Fig. S1; see Sup-
porting Information). Hence, etanercept therapy led to early
suppression of IL-19, IL-20 and IL-24, which were predomi-
nantly derived from epidermis. This suppression was followed
later by normalization of several of their receptor subunits.

Rapid downregulation of regenerative hyperplasia

Compared with uninvolved skin, baseline lesions exhibited
elevated epidermal immunostaining of CK16 (P < 0-001,
Fig. 3a), which became significantly reduced by week 1
(P = 0001, Fig. 3b). Interestingly, changes in CK16 protein
expression preceded those of gene expression (Table 1),
which exhibited a downward trend at weeks 2 and 3 and a
significant decrease at week 4 (P = 0:006, Fig. 3c).

Expression of other hyperplasia markers also decreased. At
week 1, thickness of lesional epidermis decreased significantly
(P = 0-04, Fig. 3d), and by week 2, lesional epidermis dem-
onstrated decreased Ki67 staining, indicating decreased kerati-
nocyte proliferation (P = 0:006, Fig. 3e). Likewise, CK17
immunostaining and gene expression decreased at week 2

© 2012 The Authors
BJD © 2012 British Association of Dermatologists 2012 167, pp92-102

(P < 0-001) and week 3 (P = 0:02), respectively (Fig. 3f, g).
Finally, decreased immunostaining was observed at week 2 for
CKé6 (P =0007) and at week 4 for transglutaminase
(P < 0-001) (Fig. 3h, i). These data indicate that etanercept
causes downregulation of the IL-20 subfamily concomitant
with or prior to normalization of epidermal proliferation, dif-
ferentiation and thickness.

Suppression of keratinocyte activation

Because regenerative hyperplasia was rapidly targeted by eta-
nercept, we next examined changes in epidermal activation, as
reflected by synthesis of proinflammatory products (Table 1).
In lesional skin, gene expression of keratinocyte-derived
chemokines, including CXCL1, CXCL8, CCL20 and CXCLI10,
was suppressed by 1 week (all P < 0-01, Fig. S2a—d; see Sup-
porting Information).

Other proinflammatory products of keratinocytes also
showed decreased gene expression at 1 week, including IL-1f,
as well as the AMPs human cathelicidin antimicrobial peptide-

18/leucine-leucine-37 (hCAP-18/1L-37) and human B-defensin
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(HBD)-2 and HBD-3 (all P < 0-01, Fig. S2e—h; see Supporting
Information).

Lastly, in addition to the IL-20 subfamily, psoriatic kerati-
nocytes produce growth factors that promote epidermal
hyperplasia, including amphiregulin (AREG) and heparin-
binding epidermal growth factor-like growth factor (HB-EGF)
(Table 1). During therapy, gene expression of these growth
and 2,
P < 0-05, Fig. S2i, j; see Supporting Information). Altogether,

factors decreased at week 1 respectively (both
the downregulation of epidermis-derived chemokines, cyto-
kines, AMPs and growth factors indicates that etanercept read-

ily suppresses activation of keratinocytes.

Suppression of dendritic cell activation

Inflammatory DCs produce IL-23, TNF-a and inducible nitric
oxide synthase (iNOS).>* In untreated plaques, gene expres-
sion of the IL-23 subunits p40 and pl9 was significantly
upregulated (both P < 0-001, Table I).
expression of p40 and pl19 did not decrease significantly until

During therapy,
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—T— Fig 2. Interleukin (IL)-20-related cytokines
are rapidly suppressed by 1 week of
etanercept therapy and derived predominantly
from epidermis. (a) In biopsies from
uninvolved (Uninv) and involved (Inv) skin
at baseline, as well as involved skin at the

I 1 indicated weeks of therapy, real-time reverse
IL-24 transcriptase—polymerase chain reaction

(RT-PCR) was used to determine expression
of IL-19 (n = 17), IL-20 (n = 17), IL-24

80 |
60 |
40 t

(n = 16) and signal transducer and activator
of transcription (STAT) 3 (n = 14). (b) To
determine the relative contribution of
different cell types to the production of

IL-20-related cytokines, laser capture

—
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STAT3 epidermis and dermis in baseline involved
* skin, and expression of IL-19, IL-20, IL-24
T and STAT3 (all n = 6) was determined using

real-time RT-PCR. Data are derived from
clinical responders, presented as percentage
expression relative to baseline involved skin
(normalized to 100%), and shown as
means £ SEM. *P < 0-05, **P < 0-01,
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week 3 (P =0:05) and week 4 (P = 0:02), respectively
(Fig. 4a). Similarly, lesional expression of iNOS (Table 1) did
not decrease until week 3 (P = 0-05, Fig. 4a).

Inflammatory DCs are CD1lc+ and localized primarily in
lesional papillary dermis.>® At baseline, CD11c staining was
increased 4-1-fold (P = 0-:005, n = 7) in lesional dermis, com-
pared with uninvolved dermis (Fig. S3; see Supporting Infor-
mation). During therapy, dermal CD11lc immunostaining did
not show any trend towards decrease (Fig. S3; see Supporting
Information), suggesting that substantial deletion/apoptosis of
inflammatory DCs does not occur.

Suppression of T-cell activation

In psoriatic lesions, CD4+ T cells, including Th17 cells, are
the predominant T-cell population in the dermis, whereas

16,38,39
Based on

CD8+ T cells predominate in the epidermis.
immunostaining of CD3, CD4 and CD8, T-cell numbers were
significantly elevated in untreated plaques, compared with unin-

volved skin (all P < 0-05, Fig. S4; see Supporting Information).
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Fig 3. Suppression of epidermal hyperplasia by 1—4 weeks of etanercept therapy. In uninvolved (Uninv) and involved (Inv) skin at baseline, as
well as involved skin at the indicated weeks of therapy, cytokeratin (CK) 16 was assessed by (a) immunostaining (original magnification X10,

n = 12), (b) quantification of area stained (n = 12) and (c) gene expression (n = 17). (d) Epidermal thickness (n = 14) of histological sections
was measured (baseline lesional epidermis = 307-3 £ 27-2 pm) during therapy, while (e) keratinocyte hyperproliferation was assessed by
epidermal immunostaining of Ki67 (n = 7). CK17 was assessed by (f) area of epidermal immunostaining (n = 8) and (g) gene expression

(n = 15). Lastly, area of epidermal immunostaining of other hyperplasia/differentiation markers, including (h) CK6é (n = 8) and (i)
tranglutaminase (TGase, n = 8), was also assessed. Data are derived from clinical responders, presented as percentage relative to baseline involved
skin (normalized to 100%), and shown as means £ SEM. *P < 0-05, **P < 0-01, ***P < 0-001, compared with baseline involved skin. IHC,

immunohistochemistry.
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During 4 weeks of treatment, staining of these markers in le-

sional epidermis and dermis displayed variable changes,
decreasing in some subjects while increasing in others. Mean
staining did not change significantly for any of these markers
(Fig. S4; see Supporting Information).

As lesional T cells remained stable, we next examined
whether their activation was affected by therapy. With
4 weeks of therapy, gene expression of various markers of T-
cell function did not change, including Thl cytokines (inter-
feron-y, IL-15), proliferative factors (IL-2), immunosuppres-
sive cytokines (IL-10) and regulatory T-cell function (FOXP3)
(data not shown). However, we observed significant changes
in cytokine expression of Th17 cells. Indeed, gene expression
of IL-17A, which was elevated 113-fold (P < 0-001, Table 1)
in untreated plaques, did not change with 3 weeks of therapy,
but became significantly suppressed by 4 weeks (P = 0:03,
Fig. 4b). Similarly, gene expression of IL-22 was elevated in
untreated plaques (P < 0:001, Table 1), but did not decrease
significantly until week 4 (P = 0-004, Fig. 4b).

Coordinate effects of tumour necrosis factor-o. and
interleukin (IL)-17A on induction of the IL-20 subfamily
in keratinocytes

In vivo, we found that expression of IL-19, IL-20 and IL-24
was derived predominantly from psoriatic epidermis (Fig. 2b)
and acutely suppressed by etanercept, concomitant with a
reduction in epidermal hyperplasia. To gain further insight
into the role of TNF-o, and therefore etanercept, in psoriasis,
we treated NHEKs with TNF-a in the presence or absence of
IL-17A. When NHEKs were incubated with IL-17A alone,

1

2 3 4 nitric oxide synthase (iNOS, n = 16). (b) The
Week effect of etanercept on Th17 cells was assessed
by using real-time RT-PCR to measure
expression of IL-17A (n = 12) and IL-22

(n = 16). Data are derived from clinical
responders, presented as percentage
expression relative to baseline involved skin
(normalized to 100%), and shown as

means £ SEM. P = 0-05, *P < 0-05,

4P < 0:01, *¥**P < 0-001, compared with

baseline involved skin.

none of the IL-20 subfamily members was induced. When
NHEKs were incubated with TNF-o alone, only IL-20 was
induced (Fig. 5). Interestingly, incubation of NHEKs with
both TNF-o and IL-17A led to a greater and/or synergistic
effect, in which IL-19, IL-20 and IL-24 were induced beyond
that seen with TNF-o or IL-17A alone (Fig. 5).

Discussion

In psoriasis, keratinocyte products stimulate leucocytes and vice
versa.** Elucidating the pathways that mediate this crosstalk is
crucial for gaining insight into disease pathogenesis. To this
end, we investigated early biochemical and cellular effects of
etanercept on psoriasis lesions prior to substantial clinical
improvement. We found that etanercept’s earliest target
appears to be epidermal keratinocytes.

Our data indicate that etanercept suppresses expression of
IL-19, IL-20, IL-24 and numerous keratinocyte markers/prod-
ucts by 1 week of therapy. Subsequently, by 1-4 weeks,
epidermal thickness/hyperplasia improves, translating into flat-
tening of lesions. Numerous studies suggest that the IL-20
subfamily members stimulate epidermal hyperplasia, which is
associated with increased expression of CK16 and other psori-
asis-associated markers, such as STAT3."” 126

As such, we propose that acute suppression of the IL-20
subfamily members and their signalling elements (STAT3) by
etanercept reduces epidermal hyperplasia. Normalization of
IL-20R1
improvement of epidermal hyperplasia is mediated by etaner-

and IL-20R2 occurs later, suggesting that early

cept’s targeting of the IL-20 subfamily members, rather than
their receptors. Rapid suppression of AREG and HB-EGF, along

© 2012 The Authors
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Fig 5. Tumour necrosis factor (TNF)-a and interleukin (IL)-17A
coordinately induce the IL-20 subfamily in cultured keratinocytes.
Postconfluent normal human epidermal keratinocytes (NHEKs) were
incubated for 24 h with no cytokines (control), IL-17A alone

(10 ng mL™"), TNF-o alone (1 ng mL™"), or IL-17A (10 ng mL™")
plus TNF-o (1 ng mL™"). For each condition, six plates of NHEKs
were analysed (reflecting two separate experiments, in which each
condition was run in triplicate). Real-time reverse transcriptase—
polymerase chain reaction (RT-PCR) was then used to assess the
expression of IL-19, IL-20 and IL-24. Data are presented as expression

relative to control and shown as mean fold change * SEM.

with later suppression of IL-22, is likely to contribute to
decreased hyperplasia.*'**

Sources of IL-19, IL-20 and IL-24 include keratinocytes and
leucocytes, with IL-20 produced by monocytes and inflamma-
tory CD11c+ DCs, and IL-19 and IL-24 produced by activated

monocytes.'71921724

Using LCM, we found that expression
of IL-19, IL-20 and IL-24 was substantially greater in lesional
epidermis rather than dermis, where DCs and monocytes/mac-
rophages are found. Thus, acute suppression of the IL-20 sub-
family is likely to reflect etanercept’s preferential, early
targeting of keratinocytes.

Furthermore, rapid epidermal suppression of the IL-20 sub-
family is likely to represent a direct consequence of etaner-
cept’s antagonism of TNF-o. Indeed, consistent with a recent
report,43 we found that TNF-o combined with IL-17A
stimulates synthesis of IL-19, IL-20 and IL-24 in keratinocytes

© 2012 The Authors
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in vitro. This finding indicates that TNF-o, in combination with
T-cell products, has direct stimulatory effects on psoriatic epi-
dermis, and suggests that antagonism of TNEF-o in vivo leads to
downregulation of the IL-20 subfamily.

Together, our data indicate that etanercept rapidly sup-
presses epidermal hyperplasia and activation. Further support-
ing this concept is our observation that etanercept acutely
downregulates other keratinocyte products by 1-2 weeks,
including IL-1B, AMPs and chemokines. As many of these
keratinocyte markers are known to be direct targets of TNF-a,
their rapid downregulation is likely to reflect antagonism of
TNF-o by etanercept.**

Following suppression of keratinocyte activation, etanercept
appears to target cytokine expression of DCs and T cells.
CD11c+ inflammatory DCs produce TNF-o, iNOS, IL-20 and
IL-23, the last of which sustains Th17 polarization.®> Previ-
ously, Zaba et al.>* demonstrated that etanercept reduces IL-20,
iNOS and IL-23 production in inflammatory DCs, which
remained stable in number with early therapy. Zaba et al.***’
suggested that decreased cytokine production by DCs leads, in
turn, to decreased activity of Th17 cells.

Consistent with those observations, we found that early eta-
nercept therapy decreases activation of inflammatory DCs, as
reflected by cytokine production. Etanercept’s antagonism of
TNF-o, which is a stimulatory factor for inflammatory DCs, is
likely to explain this finding and provides a mechanistic link
between TNF-o inhibition and subsequent Th17 downregula-
tion.”*** As CD11c+ cells did not decrease in number during
4 weeks of therapy, our data also indicate that etanercept does
not cause early DC deletion/apoptosis. Moreover, etanercept
appears to target inflammatory DCs later than keratinocytes,
as the IL-23 subunits p40 and p19 and iNOS were downregu-
lated at 3—4 weeks.

We arrived at similar conclusions regarding T cells. Consis-

tent with previous ﬁndings,“’29

we found that etanercept sup-
presses cytokine expression of Th17 cells, but does not cause
deletion/apoptosis. We propose that suppression of DC activa-
tion, resulting from etanercept’s antagonism of TNEF-o, leads
to dampened Th17 function. As is the case with DCs, Th17
suppression occurs later than that of keratinocytes, with
IL-17A and IL-22 decreasing at 4 weeks.

Given our findings, other effector molecules may play a role
in regulating proinflammatory products in psoriasis. For
instance, studies indicate that IL-17A and/or IL-22 stimulate

10,11,46
How-

production of HBD-2 and various chemokines.
ever, we found that downregulation of Thl7 cytokines
occurred later than that of HBD-2 and chemokines, opening
up the possibility that these proinflammatory products might
be suppressed by etanercept’s targeting of other cytokines,
such as TNF-o, the IL-20 subfamily or IL-1 B.IS’IS’B'M'“
Overall, our study and that of Zaba et al.”* are in general
agreement, with both finding that 1 week of etanercept treat-
ment suppresses epidermal hyperplasia and activation. Both
studies also found that etanercept rapidly suppresses DC- and
Th17-related cytokines, although we observed that suppression
of these markers tended to be slower. The differences between
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our study and that of Zaba et al. may be related to criteria for
selecting treatment responders (PGA vs. histological examina-
tion, respectively), statistical methods (two- vs. one-tailed
tests, respectively), and normal biological variation.

In conclusion, based on rapid suppression of regenerative
hyperplasia and keratinocyte-derived products, including the
IL-20 subfamily, we propose that epidermal activation is an
early target of etanercept. Decreased epidermal hyperplasia may
be a consequence of acute suppression of the IL-20 subfamily,
which is likely to result from etanercept’s antagonism of TNF-
o.. Furthermore, TNF-ot can coordinate with IL-17A to regulate
the IL-20 subfamily in keratinocytes, and is known to stimulate
IL-23-producing DCs. These observations, in conjunction with
etanercept’s downregulation of T-cell and DC function/activa-
tion, support a role for Th17 elements in psoriasis pathogene-
sis, a concept validated by the efficacy of IL-12/23 inhibitors
such as ustekinumab. Additionally, we propose that the IL-20
subfamily is also important to psoriasis pathogenesis, as well as
clinical response to etanercept, including flattening of lesions.
While anti-IL-20 antibodies have thus far failed in clinical trials
(http://www.clinicaltrials.gov, NCT01261767), this failure
might be explained by functional redundancy of the IL-20 sub-
family. As such, the IL-20 subfamily, as a group, or its recep-
tors remain therapeutic targets for psoriasis.

What’s already known about this topic?

e Psoriasis is a Th17/Thl-mediated skin disease that often
responds to antitumour necrosis factor-ol therapies, such
as etanercept.

e The molecular mechanisms of etanercept are not
known.

What does this study add?

e We analysed the early (< 4 week) biochemical and cel-
lular effects of etanercept on psoriasis lesions in vivo.

e A very early (within 1 week) target of etanercept is epi-
dermal hyperplasia/activation.

e Suppression of hyperplasia is likely to result from acute
epidermal downregulation of the interleukin (IL)-20
cytokine subfamily (IL-19, IL-20 and IL-24).
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Supporting Information

Additional Supporting Information may be found in the online
version of this article:

Fig S1. Normalization of several receptor subunits for the
interleukin (IL)-20 subfamily during the first month of etaner-
cept therapy. In uninvolved (Uninv) and involved (Inv) skin
at baseline, as well as involved skin at the indicated weeks of
therapy, real-time reverse transcriptase—polymerase chain reac-
tion (RT-PCR) was used to assess the expression of receptor
subunits for the IL-20 subfamily of cytokines, including IL-
20R1, IL-20R2 and IL-22R1 (all n = 8). Data are derived from
clinical responders, presented as percentage expression relative
to baseline involved skin (normalized to 100%), and shown
as means = SEM. *P < 005, ***P < 0-001, compared with
baseline involved skin.

Fig S2. Rapid suppression of keratinocyte activation by 1—
2 weeks of etanercept therapy. In uninvolved (Uninv) and
involved (Inv) skin at baseline, as well as involved skin at the
indicated weeks of therapy, the effect of etanercept on kerati-
nocyte activation/function was assessed by using real-time
reverse transcriptase—polymerase chain reaction (RT-PCR) to
measure expression of (a—d) the chemokines CXCL1 (n = 11),
CXCL8 (n = 16), CCL20 (n = 12) and CXCL10 (n = 11); (e)
the proinflammatory cytokine interleukin (IL)-1B (n = 16);
(f-h) the antimicrobial peptides human cathelicidin antimicro-
bial peptide-18/leucine-leucine-37 (hCAP-18/LL-37) (n = 11),
human B-defensin (HBD)-2 (n = 10) and HBD-3 (n = 7); and
(i—j) the keratinocyte growth factors amphiregulin (AREG,
n = 16) and heparin-binding epidermal growth factor-like
growth factor (HB-EGF, n = 16). Data are derived from clini-
cal responders, presented as percentage expression relative to
baseline involved skin (normalized to 100%), and shown as
means & SEM. *P < 0-05, **p < (0-01, ***P < 0-001, com-
pared with baseline involved skin.

Fig $3. Inflammatory dendritic cells do not decrease signifi-
cantly during the first month of etanercept therapy. In unin-
volved (Uninv) and involved (Inv) skin at baseline, as well as
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involved skin at the indicated weeks of therapy, area of dermal
immunostaining of CDIlc (n = 7) was quantified. Data are
derived from clinical responders, and are presented as percent-
age dermal area stained. *P < 0-01.

Fig S4. Lesional T-cell numbers remain stable during the
first month of etanercept therapy. In uninvolved (Uninv) and
involved (Inv) skin at baseline, as well as involved skin at the
indicated weeks of therapy, area of epidermal and dermal im-
munostaining of CD3, CD4 and CD8 (all n = 7) was quanti-

fied. Data are derived from clinical responders, presented as
percentage area stained relative to baseline involved skin (nor-
malized to 100%), and shown as means * SEM. *P < 0-05,
**p < 001, *¥*P < 0:001, compared with baseline involved
skin.
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