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Purpose: In vitro study on the molecular effects of post-treatment after micro-needling applications with a dexpanthenol-containing
ointment (DCO) using 3D skin models.

Patients and Methods: In this in vitro study, full-thickness human 3D skin models were treated with a micro-needling device
according to its clinical application. For post-treatment, some of the models were additionally treated with a dexpanthenol-containing
ointment (DCO). Histological samples were taken at 0, 24 and 48 hours. Gene expression analysis was performed after 24 hours.
Results: Histological examination showed that DCO post-treated 3D skin models revealed a completed wound closure 24 hours after
the micro-needling procedure. In contrast, DCO-untreated models still clearly exhibited the micro-needling lesions after the same
period of time. After 48 hours, all models revealed a completed wound healing. In skin models that received micro-needling but no
post-treatment with DCO, microarray analysis identified an upregulation of proinflammatory cytokines and chemokines and
a downregulation of skin barrier and differentiation markers. In contrast, post-treatment with DCO leads to accelerated wound healing
without affecting the initial inflammatory response caused by micro-needling, which leads to the subsequent collagen expression. This
data was supported by qRT-PCR analyses.

Conclusion: Post-treatment with DCO accelerates epidermal wound healing after micro-needling of 3D skin models without
impairing the immunostimulatory properties of micro-needling. These findings can help to optimise the aftercare routine after micro-
needling procedures and to shorten the downtime for the patient after treatment.
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Introduction
Aesthetic dermatology has been on the rise for years. Micro-needling is a relatively new procedure. First described in
1995, it became more popular after the 2006 introduction of the product that later became the Dermaroller®.'
Micro-needling is safe and cost efficient. It is used to treat different dermatologic conditions, such as scars, alopecia and
hyperhidrosis."*** In cosmetic dermatology micro-needling is used for skin rejuvenation.® The 0.5-1.5 mm long needles
penetrate the skin and the resulting lesions, although superficial, initiate the wound healing cascade.” Activation of various
growth factors leads to increased collagen synthesis.® Gene expression and histopathological changes caused by micro-needling
have been studied in animals, 3D skin models and humans.® "' Upregulation of genes associated with wound healing, epithelial
proliferation/differentiation, immune cell recruitment and tissue remodeling genes has been described.® Micro-needling has
relatively few side effects compared to other cosmetic procedures such as ablative laser treatment or dermabrasion.'” The
importance of adequate post-procedural aftercare in cosmetic dermatology to prevent adverse events and optimize outcome is
well documented."*™'> However, it is not known to date whether topical wound healing agents after micro-needling treatment

may influence the effectiveness of the procedure. This study investigates the histological and underlying molecular effects of
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post-treatment after micro-needling applications with a dexpanthenol-containing ointment (DCO) using 3D skin models. Since
we have previously shown that micro-needling mediates most of its effect on dermis remodeling via upregulation of pro-
inflammatory genes, which then lead to chemotaxis of immune cells, it was important to prove that this initial inflammatory effect
is not attenuated by topical aftercare.®

Material and Methods

Isolation and Cultivation of Normal Human Epidermal Keratinocytes (NHEK) and
Normal Human Dermal Fibroblasts (NHDF)

Primary NHDF and NHEK cells were isolated and cultivated as described previously.'®'® This study was conducted in
accordance with the Declaration of Helsinki. The ethics committee of University Hospital RWTH Aachen approved this
study prior to its conduction. A written informed consent was obtained from all participants.

3D Skin Models and Micro-Needling Procedure

Full-thickness 3D skin models were developed as previously described.® Construction of the dermal part was done by
using a collagen-elastin scaffold (MatriDerm®, MedSkin Solutions Dr. Suwelack AG, Billerbeck, Germany) on which
2x10° NHDF cells were seeded in bovine collagen I solution (Vitrogen, Cohesion Technologies, Palo Alto, CA, USA).
After incubating the models for two days at 37 °C and 5% CO,, 2x10° NHEK cells were seeded on top of the dermal
equivalent. Next day, skin models were lifted to the air-liquid interface (ALI). On day 7 of ALIL, micro-needling of the
models was performed with amiea med® EXCEED (MT.DERM GmbH, Berlin, Germany) using a six needle plate (1.5
NM615LS16309, MT.DERM GmbH). One hundred insertions were made per second at a penetration depth of 1.0 mm
and with three passes, according to the manufacturer’s and clinical treatment recommendations. Immediately after micro-
needling, the models were topically treated with a dexpanthenol-containing wound care ointment (Bepanthen® wound
and healing ointment; Bayer Vital, Leverkusen, Germany). After 24 and 48 hours models were harvested for histology
and gene expression analyses. An untreated model was maintained as a negative control at any given time. Experiments
were performed four times independently with three different cell donors.

RNA-Isolation and Microarray Analysis

Total RNA from the micro-needled 3D skin models was extracted with the Nucleo Spin RNA kit (Macherey and Nagel,
Diiren, Germany), according to the manufacturer’s instructions. Microarray analysis was done as previously described'’
by using Clariom™ S assays (Thermo Fisher, Waltham, USA). Expression values of each probe set were determined and
data were analyzed using the TAC software (Thermo Fisher Scientific) with normalization method quantile.

Real-Time PCR Analysis

Assessment of isolated RNA was carried out using NanoDrop (Thermo, Erlangen, Germany), and the RNA integrity was
checked using the 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA). Reverse transcriptase-PCR was performed
with TagMan Reverse Transcription Reagents (Applied Biosystems, Weiterstadt, Germany) and the qRT-PCR analyses were
executed on an ABI PRISM 7300 Sequence Detection System (Applied Biosystems). Assay-on-Demand gene expression
products (Applied Biosystems) were used to study quantitative expression of LOR (Hs01894962 ml), CXCL5
(Hs00171085_ml1), CXCL8 (Hs00174103 ml), FLG (Hs00856927 gl), HRNR (Hs02385268 ml), IL36G
(Hs00219742 m1), FGF2 (Hs00266645 ml), IL1A (Hs00174092 ml), IL1B (Hs00174097 ml), ILIRLI
(Hs00249384 m1), IL20 (Hs00218888 ml), IL37 (Hs00367201 ml), IL24 (Hs01114274 ml) and MMP3
(Hs00233962 ml).

Light Microscopy

For histological analyses, 5 um cryosections of 3D skin models were embedded in Tissue-Tek O.C.T. ™ compound (Sakura
Finetek). Sections were stained with haematoxylin and eosin (H&E) and subsequently assessed by a photomicroscope (DMIL,
Leitz, Wetzlar, Germany).
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Statistical Analyses
Data are given as arithmetical means + standard deviation (SD). Mann—Whitney U-test was performed with GraphPad
PRISM version 7 (La Jolla, CA, USA). Values of *p < 0.05 were considered significant and are indicated in the figures.

Results

Histological differences between the DCO post-treated and the DCO-untreated micro-needling skin models were visible
(Figure 1). Complete wound closure was evident in the DCO post-treated models after 24 hours. In the DCO-untreated
skin models, the micro-needling lesions were still clearly recognizable after 24 hours.

Since there were no histological differences between the models after 48 hours, we focused our gene expression
analysis at 24 hours after treatment (Figure 2).

In 3D-skin models that have been treated with micro-needling but have not received post-treatment with DCO,
microarray analysis showed an upregulation of pro-inflammatory cytokines and chemokines (eg, ILIRL1, IL24, IL1a,
CXCLS8) compared to the controls that were not treated with micro-needling (Figure 2a). In addition, anti-inflammatory
genes (IL37) as well as skin barrier and differentiation markers (filaggrin (FLG), loricrin (LOR), hornerin (HRNR)) were
downregulated. Additional post-treatment of the micro-needling models with DCO also preserved the initial upregulation
of inflammatory markers (eg, CXCL8, CXCLS5, IL24), but revealed no downregulation of skin barrier and differentiation
markers compared to untreated controls reflecting the accelerated wound closure (Figure 2b).

To study the effects of DCO separately, we also carried out a microarray analysis by examining gene regulation in
micro-needling models post-treated with DCO compared to micro-needling models without post-treatment (Figure 2c¢). In
particular, we detected an upregulation of skin barrier and epidermal differentiation-associated genes (eg HRNR, LOR,
FLG) in the DCO post-treated models compared to the non-DCO post-treated micro-needling models.

Independent RT-PCR analyses confirmed the microarray data (Figure 3). While micro-needling caused a significant
downregulation of differentiation markers (LOR, FLG) in contrast to the untreated controls, almost the same expression
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Figure | Histological analysis of micro-needling-treated 3D skin models. Upper row shows hematoxylin and eosin stainings of untreated controls and skin models
immediately after micro-needling treatment (0 h). The middle row shows untreated controls, micro-needling-treated models, and models that were additionally post-treated
with DCO, 24 h after treatment. The bottom row shows the corresponding models 48 h after treatment. Shown are representative images from four independent
experiments. h = hours. Scale bar: 200 pm. The black arrows indicate the lesions.
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Figure 2 Gene expression profiling in micro-needling-treated 3D skin models. Microarray analysis in models 24 h after (a) micro-needling treatment in comparison to
untreated controls, (b) micro-needling treatment and additional post-treatment with a dexpanthenol-containing ointment (DCO) in comparison to untreated controls, and
(c) micro-needling treatment and additional post-treatment with DCO compared to micro-needling-treated models without post-treatment.
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Figure 3 RT-PCR analysis of four independent experiments displaying the expression of selected genes. Selective gene expressions in micro-needling-treated skin models
and micro-needling-treated skin models that received post-treatment with DCO were normalized to untreated controls. *p < 0.05.

levels as in the untreated models were observed after treatment with DCO. On the other hand, post-treatment with DCO
did not adversely regulate inflammation-associated genes (eg, CXCLS5, IL36G, 1L24) compared with models that
received micro-needling alone.

Discussion

Generally, the wound healing process is described in three overlapping phases. Inflammation phase begins immediately
after injury occurs and usually lasts for 48—96 hours. The proliferative phase follows the inflammation phase and finally
the wound enters its remodeling phase.?’

Through micro-needling a controlled stimulus is set. This stimulus triggers the wound healing cascade. As mentioned
above, an injury initially causes inflammation. Platelets and neutrophils migrate to the wound area.”’ As a result, pro-
inflammatory cytokines are released.”'*> The various growth factors activate epithelization” and collagen synthesis is
stimulated.?* The desired effect of micro-needling (collagen synthesis) is therefore created by the inflammatory stimulus.

In a previous paper we showed molecular changes at day 5 after micro-needling that are consistent with the timeline
of the wound healing process described above. For instance, several collagen synthesizing genes (eg COL3A1, COL8A1)
were upregulated. In contrast to ablative CO, laser treatments these effects are not directly mediated, eg, by upregulation
of heat shock proteins, but seem to be mainly conveyed indirectly by upregulation of inflammatory mediators and
subsequent chemotaxis leading to the upregulation of collagen synthesis in dermal fibroblasts.®'”

Our present study, on the other hand, focused on investigating the molecular and histological changes in wound
healing caused by post-treatment with DCO after micro-needling. We detected an upregulation of genes associated with
epidermal differentiation and skin barrier forming (FLG, LOR) 24 hours after micro-needling and post-treatment with
DCO 2526
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Aware of the wound healing cascade explained above, this is earlier than one would expect. Congruently, we did not
detect an upregulation of such genes in the skin models not receiving DCO, strongly indicating that the molecular
changes facilitating wound healing are attributed to DCO-post treatment. Topical dexpanthenol treatment has a variety of
beneficial effects on intact skin. It moisturizes and hydrates, also minimizes transepidermal water loss.?”*® It is known
that topical treatment with dexpanthenol accelerates wound healing in damaged skin. These insights have been demon-
strated in several in vivo and in vitro studies.'*?”-*-°

Moreover, and of high relevance, according to our findings, the desired inflammatory stimulus caused by micro-
needling to trigger collagen synthesis remains unimpaired by applying DCO as aftercare. We conclude that DCO may
provide an excellent after-treatment for micro-needling by accelerating wound healing while not interfering with

molecular processes substantial to obtain optimal results regarding skin rejuvenation.

Conclusion

We provide evidence that post-treatment with a dexpanthenol-containing ointment after micro-needling facilitates
epidermal wound healing without impairing the micro-needling-induced inflammatory response needed to achieve
collagen induction. These findings can help to optimize the aftercare of micro-needling procedures in the future.
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