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Background: Although aesthetic treatments can rejuvenate the skin, they often
cause specific forms of tissue damage. Unlike wounding, which typically results
in fibrotic scar tissue, damage from aesthetic treatments induces a distinct his-
tological rejuvenation. The mechanisms that drive this rejuvenation are not yet
fully understood. Here, we were interested in cellular responses following aesthetic
treatments injecting adipose-derived stem cells (ASCs) subcutaneously. Through
investigation with an ex vivo experimental model, a key gene was identified that
orchestrates fibrous structural changes and tissue remodeling.

Methods: Using fresh human subcutaneous adipose tissue co-cultured with ASCs,
the changes in the fibrous architecture of the tissue were sequentially mapped. The
key regulatory genes involved in remodeling were identified using gene expression
and computational analyses.

Results: We identified the regulatory elements that are crucial for tissue remodel-
ing. Among those, we found that tumor necrosis factor-stimulated gene-6 (TSG-6)
is a paracrine mediator essential for the collagen activity. It not only alleviates tissue
inflammation but also promotes collagen replacement ex vivo. This is primarily
achieved by inhibiting the formation of neutrophil extracellular traps, which are
known to promote fibrosis.

Conclusions: TSG-6 is a key factor modulating tissue inflammation. As our results
demonstrate, after ASCs treatment, this factor directs skin healing away from
fibrosis by reducing neutrophil extracellular trap formation in subcutaneous adi-
pose tissue and promotes fibrous rejuvenation. (Plast Reconstr Surg Glob Open 2024;
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INTRODUCTION

The human skin is our largest organ and serves mul-
tiple roles for human survival. To truly understand the
significance of skin and its relation to aging, it is neces-
sary to investigate its intricate structure, especially the
fibrous components of the extracellular matrix (ECM).
The main components of ECM are collagen, elastin, and
proteoglycans, which provide mechanical strength, elas-
ticity, and moisture to the skin." However, chronological
aging, coupled with external factors like photodamage,
leads to a decline in these essential ECM components or
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an accumulation of degraded ECM.** On a macroscopic
level, this manifests as the skin wrinkles, sags, and under-
goes atrophy, which we often associate with aging.

Although temporary compensation approaches exert
some effect for decreased ECM, an accumulation of
degraded ECM had been considered difficult to remove
except for certain aesthetic treatments by physicians,
such as the injection of adipose-derived stem cells (ASCs)
subcutaneously. The mechanism is considered not only
physical replenishment but also a biological response
that removes degraded ECM and replaces them with new
ones. This is based on the finding that in treated skin,
dermal elastosis is reduced and elastic fibers are regener-
ated, resulting in a histologically rejuvenated phenotype.*
Moreover, the ASCs injection treatment also improves skin
fibrosis caused by X-irradiation.”

Yet, despite the wealth of research showcasing its ben-
efits,” studies explaining the underlying mechanisms of
the biological responses in the ASCs-injected skin are
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lacking. Damage to the skin often leads to fibrosis, a far
cry from rejuvenation. Therefore, a major question in skin
biology is how ASC injection treatment, which intrinsi-
cally involves some degree of tissue disruption, avoids the
fibrotic response and leads to histological rejuvenation.

In this study, we analyzed the mechanisms driving the
observed fibrous structural changes after ASC injection
treatment. We identified TSG-6 as a key factor in tissue
remodeling, exerting its role by modulating inflammatory
states involving neutrophils.

Elucidating the biological mechanisms and a key fac-
tor underlying aesthetic treatments may contribute to
shortening the recovery time or establishing safer and
more effective alternative methods.

MATERIALS AND METHODS

Tissue Samples

Abdominal subcutaneous adipose tissues were
obtained from Japanese male and female volunteers (age
38-84) at NHO Tokyo Medical Center who had provided
consent. Only surplus tissue from abdominal skin excision
for grafting purposes was used. The study was approved by
the ethical committees of NHOTMC (R17-209, approved
March 23, 2018) and POLA Chemical Industries, Inc.
(2018-G-032, approved March 8, 2018). The samples were
cut into 3- to 6-mm pieces and culture began within a few
hours of harvest.

Cheek subcutaneous adipose tissues from White
women (age 25-90) were purchased from Obio, LLC. (El
Segundo, Calif.).

Cell Culture

In this study, purchased primary cultured normal
human ASCs were used to allow for the preparation of
ASC cultures before surgical excision of tissue samples.
ASCs (PT-5006, Lonza, Basel, Switzerland) were cultured
in ADSC Growth Medium BulletKit (PT-4505, Lonza)
at 37°C with 5% CO,. Human neutrophils (PBO11C-1,
HemaCare, Northridge, Calif.) were cultured in RPMI
1640 Medium (Thermo Fisher Scientific, Waltham,
MA) containing 10% FBS (Moregate Biotech, Bulimba,
Australia) and 2mM L-Glutamine (Thermo Fisher
Scientific) at 37°C with 5% CO,,.

Ex Vivo Experimental Model

ASCs were preseeded in six-well plates, where fresh
tissue samples were cultured in cell inserts at 37°C with
5% CO,. Initiation of co-cultures was coincided with
the carry-in of each tissue sample so that experiments
could be performed before biological responses ceased
due to tissue deterioration. The media was changed to
Dulbecco’s Modified FEagle Medium/Ham Nutrient
Mixture F-12 (DMEM/F-12) (Merck, Darmstadt,
Germany) containing 10% FBS and 2.5x Antibiotic-
Antimycotic Mixed Solution (Nacalai tesque, Kyoto,
Japan). To inhibit TSG-6 function, 2.5ng/mL goat anti-
TSG-6 antibody (R&D systems, Minneapolis, Minn.) was
added to the medium.
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Takeaways

Question: Subcutaneous injections of adipose-derived
stem cells involve some degree of tissue disruption, but
avoid fibrotic response and lead to histological rejuvena-
tion. What is the molecular mechanism underlying this
phenomenon?

Findings: TSG-6 is a key factor that modulates the inflam-
matory state of tissues by inhibiting the formation of the
neutrophil extracellular traps in subcutaneous adipose
tissue. It drives tissue state from the direction of fibrosis
towards fibrous structural remodeling.

Meaning: The modulation of TSG-6 may contribute to
shortening the recovery time after aesthetic treatments
and allow patients to maximize the rejuvenation effect. It
can also contribute to establishing safer and more effec-
tive alternative methods.

Gene Expression Analysis

Total RNA was extracted from tissues with the RNeasy
Lipid Tissue Mini Kit (Qiagen, Hilden, Germany). RNA
sequencing libraries were generated and sequenced by
Azenta Life Sciences (Chelmsford, Mass.) using NovaSeq
6000 (Illumina, San Diego, Calif.). Quality control was per-
formed using FastQC (version 0.10.1).” Mapping the reads
to the reference genome was performed using HISAT2 (ver-
sion 2.0.1).* Expression levels of mRNAs (fragments per kilo-
base of exon per million mapped reads) were determined
using HT=seq (version 0.6.1).° Differential expression analy-
sis was performed using the Bioconductor package DESeq2
(version 1.26.0)" (fold change > 1.5 and FDR < 0.05).

Gene ontology (GO) enrichment analysis of differ-
entially expressed genes (DEGs) was performed using
Enrichr (version 3.0)'"'"*. The protein—protein interaction
(PPI) network of DEGs was constructed using HIPPIE
2.2." Cytoscape (version 3.8.2)'* was used to visualize the
network and calculate the degree centrality.

For qPCR, total RNA was reverse-transcribed into
c¢DNA with Superscript VILO cDNA Synthesis kit (Thermo
Fisher Scientific), and cDNA was amplified by QuantiTect
SYBR Green PCR Kits (Qiagen). Pre-designed primers
were purchased from Qiagen.

Confocal Fluorescence Assay

Each tissue sample was embedded in 2.5% agarose XP
(Nippon Gene, Tokyo, Japan) dissolved in sterile PBS. The
embedded tissue was flattened by cutting it in half using
a razor and placed flattened side down in a culture insert
(Merck). A hole was punched at the center of the culture
insert with a biopsy (diameter: 3.0 mm; KAI, Tokyo, Japan)
so a portion of the flattened tissue was exposed.

To detect collagen degradation, the embedded tissues
were stained with 5-pM Cy3-conjugated collagen hybrid-
izing peptide (3Helix, Salt Lake City, Utah) and 1 pg/mL
Hoechst 33342 (DOJINDO, Kumamoto, Japan), and incu-
bated for 1 hour. To detect collagen synthesis, the embed-
ded tissues were immunolabeled with rat anti-procollagen
type I antibody (1:500, Merck) overnight followed by sec-
ondary antibody (Alexa Fluor Plus donkey antirat 488,
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1:500, Thermo Fisher Scientific) and 1 pg/mL Hoechst
33342 for 2 hours.

After each staining, the multi-stack images of the
embedded tissues were obtained with the laser confocal
microscope (AlR+, Nikon, Tokyo, Japan). After observa-
tion, tissues were cultured for 7 days, fluorescently stained,
and set under observation again. In the second observa-
tion, an image of the same area was obtained with the
same imaging conditions. The obtained three-dimensional
images were projected in two dimensions to create a maxi-
mum intensity projection. Using Image |, the RGB images
were converted to grayscale and binarized, and the stained
area value was calculated. Three-dimensional images were
created using Imaris (version 9.2.1, Carl Zeiss, Germany).

Neutrophil Extracellular Traps Induction, Quantification,
and Detection

Neutrophils were seeded in poly-D-lysine charged glass
coverslips within 24-well plate by centrifugation for 3 min-
utes at 300x g. The cells were precultured with or without
recombinant human TSG-6 protein (31.25-250 pg/mL,
R&D systems) for 15 minutes as necessary. Subsequently,
the cells were incubated with phorbol-12-myristate-13-
acetate (50nM, FUJIFILM Wako Pure Chemical, Tokyo,
Japan) for 1 hour to induce the formation of neutrophil
extracellular traps (NETs). The supernatant was collected
by centrifugation for 3 minutes at 300x g. When the col-
lected supernatant was used for co-culture with tissue,
before centrifugation, cells were washed and replaced
with medium to prevent phorbol-12-myristate-13-acetate
carryover. QuantiT PicoGreen dsDNA Assay Kit (Thermo
Fisher Scientific) was used to measure the DNA concentra-
tion in the NETs. The supernatant prepared at 200ng/mL
of dsDNA was used as a NET-containing medium.

To detect NETs in tissue, the tissues embedded in OCT
compound (Sakura Finetek Japan, Tokyo, Japan) were fro-
zen and sliced into sections with a cryostat (POLAR-DM,
Sakura Finetek Japan). The sections were fixed with 10%
Formalin Neutral Buffer Solution (FUJIFILM Wako Pure
Chemical) for 10 minutes, blocked with 1% donkey serum
(FUJIFILM Wako Pure Chemical) for 30 minutes, and
immunolabeled with primary antibodies overnight fol-
lowed by secondary antibodies for 1 hour. The primary
antibodies used were goat anti-myeloperoxidase (5 pg/
mL, R&D systems) as a neutrophil marker, and rabbit anti-
histone H3 (citrulline R2 + R8 + R17; 1 pug/mL, Abcam,
Cambridge, United Kingdom) as an extracellular trap
marker. The secondary antibodies used were Alexa Fluor
Plus donkey antigoat 488, and Alexa Fluor Plus donkey
antirabbit 555 (Thermo Fisher Scientific). After the immu-
nolabeling, the sections were mounted with ProLong gold
antifade mountant with DAPI (Thermo Fisher Scientific).
The images of the sections were obtained with a fluores-
cence microscope (BZ-X800; KEYENCE, Osaka, Japan).

Statistical Analysis

All data are presented as the mean values with the stan-
dard error of the mean. Comparisons between two groups
were performed with Student ¢ test. Comparisons of mul-
tiple groups were performed using analysis of variance
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followed by Tukey honest significant difference (HSD) or
Dunnett test. In all cases, P values of less than 0.05 were
considered statistically significant.

RESULTS

Establishing an Ex Vivo Assay to Obtain Biological
Responses

To study the biological responses triggered by ASCs, we
developed an ex vivo co-culture model of freshly excised
human subcutaneous adipose tissue in conjunction with
ASCs. This system ensures cell viability for 7 days,'” and tis-
sues cultured in the absence of ASCs were used as controls.

To validate our model as a surrogate for post-ASC
injection, we examined fibrous structural shifts, focusing
on both collagen degradation and synthesis. Utilizing a
fluorescent collagen hybridizing peptides probe, which
exhibits an affinity for loosened collagen triple strands,
we observed a transient augmentation in collagen deg-
radation signals, peaking at day 3 post-ASC co-culture
(Fig. 1A). Concurrently, immunofluorescence imaging
elucidated a consistent surge in collagen synthesis signals,
prominent at day 7 (Fig. 1B).

This episodic pattern (transient collagen degradation
superseded by synthesis) leads to a substantive remodeling
of the fibrous elements within the subcutaneous adipose
tissue. Thus, this model reproduces the different stages of
fibrous remodeling orchestrated by ASCs.

Wound Healing Dynamics Can Be Observed in the
Experimental Model

To clarify gene expression shifts during wound healing,
we collected sample aliquots over time and sequenced their
RNA contents. DEGs on days 2, 3, and 7 were isolated in
both ASC-present and ASC-absent cultures, and we com-
pared their expression profiles to the genes expressed on
day 1 (Fig. 2A). [See figure, Supplemental Digital Content 1,
which shows a number of DEGs on each culture day against 1
d of culture (DEGs, >1.5-fold changes and <0.05 false discov-
ery rate), shown in Fig. 2. http://links.lww.com/PRSGO/
D354.] GO annotations showed an increase in the presence
of factors associated with cellular proliferation (days 2 and
3) and ECM assembly (day 7) in both assays (Fig. 2B-F).

Interestingly, after day 7, the inflammation dynamics
diverged; while the ASC-absent culture showed a continu-
ous increase in the expression of certain inflammation-
linked genes (Fig. 2C), the ASC-present culture exhibited
a decreased expression of other inflammation-linked
genes (Fig. 2E).

In all cultures, these results demonstrate that gene
expression analysis reveals a trajectory that resembles the
known wound healing phases, namely inflammation, pro-
liferation, and reconstruction'’; hence, it is appropriate to
study the mechanism of this biological phenomenon.

ASCs Expedite the Termination of the Inflammatory
Response

To elucidate the impact of ASCs on gene expression
within subcutaneous adipose tissue, we compared the
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Fig. 1. Establishment of an ex vivo experimental model. A-B, Observation of fibrous structural changes
in ex vivo experimental model. Fresh subcutaneous adipose tissue was co-cultured with ASCs, and fluo-
rescent signals of collagen degradation (A) and synthesis (B) of type | collagen were detected in the
same areas before and after culture. Each observation was performed for 13 donors, and representative

images are shown here. Scale bars =200 pm.

expression profile of ASC co-cultures with non-ASC con-
trol cultures (Fig. 3A). [See figure, Supplemental Digital
Content 2, which shows a number of DEGs with ASCs
compared with without ASCs on each culture day (DEGs,
>1.5-fold changes and <0.05 false discovery rate), shown in
Fig. 3. http://links.lww.com/PRSGO /D355.] Following a
day of culture, we observed inhibition of the Notch sig-
naling cascade (a known pro-fibrotic mechanism'”) and
the suppression of muscle and cytoskeletal functional
entities, notably a-SMA, a hallmark myofibroblast con-
stituent pivotal to fibrosis."® This implicates an early ini-
tiation of antifibrotic signaling under ASC influence. By
day 3 of co-culture, the expression of genes associated
with ECM disassembly, typified by matrix metalloprotein-
ases (MMPs) and analogous catabolic enzymes, increased,
whereas those linked to elastic fiber assembly decreased.
This observation aligns with microscopic indications of

4

collagen degradation peak 3 days post-ASC interaction.
Moreover, a discernible dampening of inflammatory reac-
tions, predominantly neutrophil activation, emerged on
day 2, reaching its highest point by day 7 (Fig. 3B).

Finally, the KEGG database showed the “mitigation of
Neutrophil extracellular trap pathways” as a highly signifi-
cant (P = 4.5 x10°), suggesting that ASCs modulate the
inflammatory cascade via neutrophil activity.

Together, these findings show that ASCs alter the
phases of wound healing in culture models.

Identification of TSG-6 as a Prime Candidate for Tissue
Remodeling

Next, recognizing remodeling as the result of the
interaction of multiple proteins, we hypothesized that
the modulation of some driver genes early in the process
would lead to an orchestrated remodeling sequence. To
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Fig. 2. Analysis of time-series gene expression changes in experimental model. Fresh subcutaneous adipose tissues from five donors (a
single replicate per donor) were cultured with or without ASCs. Gene expressions after 1, 2, 3, and 7 days of culture were analyzed by
RNA-seq. A, A heatmap of DEGs on each culture day. DEGs were extracted on each culture day against 1 day of culture, using the following
criteria: more than 1.5-fold changes and less than 0.05 false discovery rate. Horizontal axis indicates days of culture; vertical axis indicates
genes. GO enrichment of each cluster was analyzed and the functions they represent are outlined on the right side. A schematic of the
time-series changes is shown at the bottom. B-F, The top five GO biological processes for each cluster, shown in panel A. The bar graph
and upper axis represents the negative logarithm of the P value. The line graph and lower axis represents the number of DEGs belonging

to that category.

identify those driver genes, we built a PPI network of 158
genes that exhibited differential expression after a single
day of culture; to enhance the network further, we added
other genes that are characteristically expressed in adi-
pose tissue (Fig. 4A).

We assessed which proteins were the most central
based on their position and number of neighbors in the
network. This use of centrality measures is an established
analysis technique, and was used to identify critical genes
in multiple biological experiments."

Anticipating the key-regulators to exert influence on
surrounding cells, we ranked paracrine factors by their
network centralities. Of the 24 candidates, we found that
TSG-6 had the highest centrality score (Fig. 4B), and given
that it is a prominent antiinflammatory factor secreted by
ASCs,” we immediately realized its potential role as a chief
orchestrator in tissue remodeling.

To validate its role, we used a TSG-6 neutralizing
antibody and examined the effects of TSG-6 inhibition
on the remodeling response. We assessed fibrous altera-
tions in our experimental model, and type 1 collagen
degradation started after 3 days in the ASCs co-culture,
whereas only a minor shift was evident in the absence of
ASCs. Notably, this ASC-mediated degradation was sub-
stantially shortened upon the introduction of the TSG-6
neutralizing antibody (Fig. 5A). Moreover, although
type 1 collagen synthesis increased after a 7-day culture
irrespective of ASC presence, its amplification was con-
siderably pronounced in the ASC-absent scenario. This
increased synthesis under ASC-free conditions is hypoth-
esized to be fibrosis-linked. Furthermore, the potentia-
tion of synthesis by ASCs was markedly impeded by the
TSG-6 neutralizing antibody (Fig. 5B), underscoring
TSG-6’s regulatory role in both degradation and synthe-
sis processes.

Finally, we studied the association between collagen
synthesis and fibrosis. We cultured subcutaneous adipose
tissues under three distinct conditions: (1) devoid of ASCs,
(2) supplemented with ASCs, and (3) combined with both
ASCs and the TSG-6 neutralizing antibody. Subsequent
qPCR analysis of these tissues revealed a significant down-
regulation in the a-SMA expression in ASC co-cultures.
Importantly, this ASC-induced decline was substantially
reversed by the TSG-6 neutralizing antibody, demonstrat-
ing the influential role of TSG-6 in the tissue remodeling
dynamics (Fig. 5C).

Together, these results demonstrate from different
perspectives that TSG-6 is involved in different aspects of
tissue remodeling.

TSG-6’s Role in Fibrosis Mitigation through NET
Suppression

Given that the results from the gene expression analy-
ses showed the downregulation of neutrophil activation by
ASCs, we hypothesized that TSG-6 plays a critical role in
remodeling via its interaction with NETs.

Assessments on cheek subcutaneous adipose tissue
from 15 donors revealed an association between TSG-6
expression and the number of NETs (Fig. 6A). Moreover,
we verified NET distribution within ASC co-cultured
subcutaneous adipose tissue using immunohistology.
Remarkably, the presence of ASCs was associated with
a marked decrease in NETs per unit area, underscor-
ing the inhibitory influence of ASCs on NET formation.
Interestingly, when the co-culture was supplemented with
a TSG-6 neutralizing antibody, the NET count maintained
levels comparable to those seen in the absence of ASCs
(Fig. 6B). This observation further demonstrates that
ASC-mediated suppression of NETs in subcutaneous adi-
pose tissue operates through TSG-6.
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Fig. 3. Analysis of gene expression changes under ASCs influence in experimental model. The same RNA-seq data from Figure 2 was ana-
lyzed. A, A heat map of DEGs on each culture day. DEGs were extracted with ASCs compared with without ASCs on each culture day, using
the following criteria: more than 1.5-fold changes and less than 0.05 false discovery rate. Horizontal axis indicates days of culture; vertical
axis indicates genes. B, Functional analysis of DEGs by GO term on each culture day. For the up- or downregulated genes, the top five GO
biological processes were extracted and graphed. Bar graph and upper axis shows the -log of the P value. Line graph and lower axis shows

the number of DEGs belonging to that category. GO terms mentioned in the text are shown in color.

Finally, we analyzed the impact of NET exposure on
the fibrous architecture of the subcutaneous adipose
tissue. After 48-hour incubating tissue with NET-laden
medium, the expression of both type I collagen and
0-SMA was markedly increased (Fig. 6C), suggesting that
within subcutaneous adipose tissue, ASCs inhibit NET
formation via TSG-6. This seems crucial to steer away the
tissue’s progression to fibrosis, and toward regenerative
remodeling.

6

DISCUSSION

In this study, we identified TSG-6 as a key factor in tis-
sue remodeling. Using a combination of in silico analyses
and ex vivo experiments, we found that TSG-6 exerts its
role by reducing NET mobilization, an effect enabled by
the presence of ASCs in the subcutaneous adipose tissues
culture.

We established an ex vivo model by co-culturing
freshly excised human subcutaneous adipose tissue in a
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Fig. 5. Verification of the effect of TSG-6 on remodeling. A-B, The observation of fibrous structural changes in ex vivo experimental model
when adding TSG-6 neutralizing antibody. Fresh subcutaneous adipose tissue was cultured: without ASCs, with ASCs, and with ASCs and
TSG-6 neutralizing antibody. Fluorescent signals of degradation (A) and synthesis (B) of type | collagen were detected before and after
culture. Degradation and synthesis were observed after 3 and 7 days, respectively, and the signal intensity of the images was quantified
(three donors, each donor n = 5). C, qPCR for a fibrosis-promoting factor. Fresh subcutaneous adipose tissues were cultured: without ASCs,
with ASCs, and with ASCs and TSG-6 neutralizing antibody. Tissues were collected after 1 day of culture and subjected to gPCR (three
donors, each donor n = 4). Mean and standard error, Tukey HSD test, *P < 0.05, ***P < 0.001.

cell insert with ASCs. This system was used because pre-
vailing theories postulate that the therapeutic prowess of
ASC injections may be attributed to the presence of solu-
ble factors®'; moreover, this model avoids the possibility of
ASC-independent reactions, particularly those triggered
by physical injection.*

This simulates the sequential phases of wound heal-
ing, depending on the culture duration. Previous stud-
ies have detailed the aftermath of ASC injection into
the skin, manifested as tissue trauma, hemorrhage, and
inflammation.”** In this light, the tissue we used, derived
from living organisms, undoubtedly experienced analo-
gous damage. At the same time, in vivo experiments in
animal models would be helpful to further validate and
characterize this phenomenon. Furthermore, given the
fast start of culturing postharvest, the biological cascade
was likely sustained, mirroring the wound healing trajec-
tory in treated skin. A limitation here is the lack of blood

circulation, a consequence of culturing excised tissue;
hence, it is not possible to establish with certainty whether
the effects observed here are due to the inflammatory
cells in residual blood of the samples, or more likely, the
remaining inflammatory cells resident in the donor tis-
sues. If examined in vivo, we believe the response will be
more enhanced due to the presence of migrating blood
cells. Nevertheless, the results derived from this model at
the tissue, cellular, and molecular levels closely resemble
the natural trajectory of tissue remodeling.

A finding from our gene expression analysis was the
potential of ASCs to suppress the inflammatory process
through TSG-6, suggesting that this factor can reprogram
the inflammation stage of wound recovery. During the
wound healing progression, the excessive prolongation
of the inflammatory phase delays the shift to the prolif-
erative and remodeling phases, and the resulting ECM
imbalance sometimes leads to fibrosis.”~*” Known for their
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Fig. 6. Analyses of the effect of NETs on fibrous structures of subcutaneous adipose tissue. A, Correlation analysis of TSG-6 expression
and the number of NETs in subcutaneous adipose tissue. Each cheek subcutaneous adipose tissue collected from 15 donors was divided
into two pieces. One was subjected to qPCR to quantify TSG-6 expression, and the other was immunohistochemically stained to detect
and count NETs. TSG-6 mRNA expression and the number of NETs were plotted, and Pearson correlation coefficient (r) was calculated. B,
Numbers of NETs in immunohistochemical staining images. Fresh subcutaneous adipose tissues were cultured under the following three
conditions: without ASCs, with ASCs, and with ASCs and TSG-6 neutralizing antibody. Tissues were immunohistochemically stained after
1 day of culture and NETs were counted (four donors, each donor n = 6). Mean and standard error, Tukey HSD test, *P < 0.05, **P < 0.01.
C, Effect of NETs on fibrosis-related gene expression in subcutaneous adipose tissue. NETs were induced in neutrophils, and the culture
supernatant containing NETs was collected. Expression of fibrosis-related genes in fresh subcutaneous adipose tissue cultured with the
supernatant containing NETs was quantified by gPCR. Of the four donors evaluated, the results of a single representative donor are pre-
sented (four donors, each donor n = 4). CM; conditioned medium. Mean and standard error, paired t test, *P < 0.05.
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Fig. 7. Conceptual diagram of this study. A, In the absence of ASCs, neutrophils form NETs in damaged subcutaneous adipose tissue; NETs
cause excessive synthesis of type | collagen and mediate the transition to fibrosis. B, In the presence of ASCs, TSG-6 released from ASCs inhib-
its the formation of NETs. This induces transient degradation and subsequent synthesis of type | collagen resulting in tissue remodeling.
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immunomodulatory prowess, ASCs likely act in prevent-
ing excessive inflammation during wound recovery.*"
One of the prominent antiinflammatory factors secreted
by ASCs is TSG-6, whose effect has been documented to
influence multiple immune cells,” " and linked to wound
closure and fibrosis suppression in murine models by
genetic deletion experiments of TSG-6*; this is consistent
with our observations of the role of TSG-6.

In this sense, upon tissue damage, neutrophils mobi-
lize to form NETSs, structures that release intracellular
substances such as chromatin skeletons and granulocyte
proteins into the extracellular space.” Although this is
one of the biological defense systems, NET overproduc-
tion has been linked to chronic inflammation and fibro-
sis.” Our findings suggest that NETs are involved in one of
the inflammatory processes in the subcutaneous adipose
tissue, and that TSG-6 is a master regulator of its activ-
ity (Fig. 7). These results point toward the next step in
research involving tissue remodeling, namely a detailed
clarification of the mechanism underlying neutrophil
mobilization and NETs in human skin undergoing aes-
thetic treatment.

In summary, we found that in subcutaneous adipose
tissue, TSG-6 inhibits the release of NETs, steering the tis-
sue towards a beneficial remodeling and avoiding fibrosis.
Regulation of TSG-6 may shorten the recovery time after
aesthetic treatments and allow patients to obtain maxi-
mum rejuvenation effects. Its modulation can lead to the
establishment of aesthetic procedures that do not require
subcutaneous injection of cells.

CONCLUSION

TSG-6 is a key factor that modulates inflammation by
inhibiting the formation of NETs in subcutaneous adipose
tissue.
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