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Effects of cultured keratinocyte- and fibroblast-derived
mediators on three-dimensional skin models

To the Editor,

Atopic dermatitis (AD) is a complex disease involving epidermal
barrier dysfunction and immunological abnormalities.! The com-
munication between keratinocytes and T cells as major drivers of
immune dysfunction has been studied extensively.2 Still, there is
data available underlining some contribution of dermal fibroblasts
to AD pathogenesis.3 This study therefore aimed to investigate the
pathological effects of keratinocyte- and fibroblast-derived factors
on 3D skin models focusing on epidermal organization and barrier
marker expression.

Primary keratinocytes and fibroblasts were cultured and stimu-
lated with AD-relevant cytokines (IL-22, IL-4, I1L-13, TNFa) for 24 h.
Cells were washed and serum-free keratinocyte differentiation me-
dium (SKDM) was added for 1 h. Supernatant was collected and used
for further analyses. Multiplex ELISA (Luminex) was performed to
determine protein levels in cell supernatants. For the construction of
three-dimensional (3D) skin models, a well-established protocol was
used.* Stimulation of 3D skin models with cytokines (IL-4, IL-13) or
cell supernatants was performed for 48 h. The monoclonal interleu-
kin-4 receptor antagonist dupilumab (dpl) was additionally added for
48h. Two punch biopsies were taken from each 3D skin and embed-
ded in paraffin for histological analyses and used for RNA isolation
and following qPCR.5 Detailed methods and additional results are
available at https://zenodo.org/records/10036562.

We first performed multiplex ELISA to identify soluble factors
secreted by fibroblasts and keratinocytes. Analysis revealed that
both keratinocyte and fibroblast secretion was increased follow-
ing cytokine stimulation. For both cell types increased secretion
of innate and adaptive immunity markers as well as T cell attract-
ing cytokines and chemokines was observed after stimulation,
however, secretion by keratinocytes was higher as compared to
fibroblasts.

To study the effects of keratinocyte- and fibroblast-derived fac-
tors on skin physiology and barrier properties, 3D skin models were
constructed and stimulated with either I1L-4, IL-13 creating AD-skin
models or with supernatants obtained from unstimulated (Sup-Ctrl)
or stimulated (Sup-AD) fibroblasts or keratinocytes. Decreased gene
expression of the structural proteins filaggrin, involucrin and loricrin
in IL-4 and IL-13 treated skin was observed, confirming the induction

of an AD-like epidermis phenotype (Figure 1A-C).

Treatment with keratinocyte Sup-AD but not Sup-Ctrl caused
significantly reduced gene expression of all targeted proteins when
compared to control skin. When comparing the effects of K-Sup-AD
on gene expression to those of K-Sup-Ctrl, no significant differences
could be observed for filaggrin and loricrin expression levels. This
might be explained by the high cytokine levels present in keratino-
cyte Sup-Ctrl. Treatment with fibroblast supernatants resulted in
minor changes in gene expression with significantly decreased ex-
pression of loricrin when treated with fibroblast Sup-AD.

We performed additional H&E histological analysis of 3D skin
models and checked for AD-characteristic spongiosis. AD-model
skins revealed significantly higher levels of spongiosis compared to
control skin (Figure 1D). Skin sections obtained from 3D skin ma-
nipulated with supernatants from keratinocytes showed comparable
but non-significant changes. Treatment of 3D skin with fibroblast
supernatants did not lead to spongiosis development. Taken to-
gether, our data underline the contribution of keratinocyte-de-
rived cytokines to skin barrier dysfunction in human skin models.
Keratinocytes that were pre-exposed to external stimuli secreted
pro-inflammatory factors which caused pathological changes in 3D
skin models mimicking AD skin with regard to their histology and
structural protein expression. The amounts of pro-inflammatory me-
diators secreted by fibroblasts seemed to be not sufficient to lead to
significant changes in skin models indicating that keratinocyte sig-
nalling is key to skin barrier regulation. It is known that IL-4 and IL-13
influence gene expression of involucrin, loricrin and filaggrin,® but
our data suggests that additional keratinocyte-derived cytokines
could promote skin barrier disruption in AD.

We further assessed whether the observed pathological changes
in 3D skin models treated with cell supernatants were primarily
caused by IL-4 and IL-13 signalling. 3D skin models were incubated
with Sup-AD from keratinocytes or with IL.-4 and IL-13 and were
additionally treated with dpl in order to block IL-4/IL-13 receptor
signalling. Results demonstrated that blockade of IL-4Ra led to a res-
cue of filaggrin, involucrin and loricrin expression in AD-skin mod-
els (Figure 1A-C). Likewise, spongiosis was significantly reduced
(Figure 1D). Less pronounced effects were observed when dpl was
added to skin models treated with keratinocytes Sup-AD, where
spongiosis was significantly improved but only loricrin expression

recovered (Figure 1C,D).
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Our data showed that skin barrier dysfunction in 3D skin models
treated with keratinocyte Sup-AD can in part be reverted by block-
ing IL-4Ra signalling. However, additional factors present in kerati-
nocyte supernatant that do not signal via IL-4Ra seem to contribute
to impaired expression of barrier genes comparable to effects of IL-4
and IL-13 signalling. Michaelidou et al. have previously shown that
IL-1 family cytokines downregulate loricrin and pro-filaggrin expres-
sion in human explants in vivo’ which supports our findings. IL-1 fam-
ily cytokines are involved in the innate immune response8 and can
possibly amplify the inflammatory state in the skin resulting in the
observed skin barrier deficiency. The relatively low secretion of I1L-1
cytokines by fibroblasts could be a reason for their relatively small
effects on 3D skin model physiology. Thus, our findings indicate the
important role of the variety of keratinocyte-derived pro-inflamma-

tory signalling in disrupting the skin barrier both in a Th2-dependent
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Summary Box

e Keratinocytes secrete sufficient pro-inflammatory me-
diators to cause disease-associated patterns in 3D skin
models

e |[L-4Rx blockade only partly improves the skin bar-
rier highlighting Th2-independent factors' role in skin
inflammation

and independent matter. Targeting of IL-1 family cytokine signalling
with for example recombinant IL-1Ra (anakinra) would be of interest
to further characterize the role of keratinocytes and IL-1 family cy-

tokine signalling in AD.
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FIGURE 1 3D skin models treated with cell supernatants or cytokines and dupilumab. RNA was isolated from a 4 mm punch biopsy in
order to perform real-time PCR. Gene expression of selected skin barrier proteins was assessed. AA Ct values were calculated using RPL38
as housekeeping gene. (A) Relative gene expression of filaggrin. (B) Relative gene expression of involucrin. (C) Relative gene expression of
loricrin. (D) Spongiosis scoring performed on H&E histological slides (range 0-3). Results represent the means and standard deviation from
independent experiments (unstimulated [n=10]; IL-4 +IL-13 [n=10]; IL-4 + IL-13 w Dpl [n=5]; K-Sup Ctrl [n=5]; K-Sup AD [n=10]; K-Sup
AD w Dpl [n=5]; F-Sup Ctrl [n=5]; F-Sup AD [n=>5]). Significant comparisons are shown for *p-value <.05, **p-value <.01, ***p-value <.001,

Fokokok

p-value <.0001. Significant differences were calculated using the Kruskal-Wallis test (relative gene expression) and one-way ANOVA

(spongiosis). AD, atopic dermatitis; Ctrl, control; dpl, dupilumab; F-sup, fibroblast supernatant; K-sup, keratinocyte supernatant; Sup,

supernatant.
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