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Abstract

Stromal vascular fractions (SVFs) are a heterogeneous collection of cells within adipose tissue that
are being studied for various clinical indications. In this study, we aimed to determine whether SVF
transplantation into impaired tissues has differential effects on inflammatory and angiogenetic
properties with regard to gender. As reactive oxygen species have been implicated in
cardiovascular disease development, we investigated differences in gene and protein expression
related to inflammation and angiogenesis in HUVECs co-cultured with adipose-derived SVFs from
male (M group) and female (F group) individuals under oxidative stress conditions. The expression
of several inflammatory (interleukin (IL)-33) and angiogenetic (platelet-derived growth factor
(PDGF)) factors differed dramatically between male and female donors. Anti-inflammatory and
pro-angiogenetic responses were observed in HUVECs co-cultured with SVFs under oxidative
stress conditions, and these characteristics may exhibit partially differential effects according to
gender. Using network analysis, we showed that co-culturing HUVECs with SVFs ameliorated
pyroptosis/apoptosis via an increase in oxidative stress. Activation of caspase-1 and IL-1B was
significantly altered in HUVECs co-cultured with SVFs from female donors. These findings
regarding gender-dimorphic regulation of adipose-derived SVFs provide valuable information that
can be used for evidence-based gender-specific clinical treatment of SVF transplantation for
understanding of cardiovascular disease, allowing for the development of additional treatment.

Key words: Human adipose-derived stromal vascular fractions; Gender; HUVECs; Oxidative stress;
Inflammation; Angiogenesis

Introduction

Stromal vascular fractions (SVFs) are a  endothelial (progenitor) cells, vascular smooth muscle
heterogeneous collection of cells within adipose tissue  cells, mesenchymal stem cells (MSCs), fibroblasts,
that contain adipose-derived stem cells (ASCs),  macrophages, T regulatory cells and pericytes [1, 2].
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This complex, heterogeneous population has
immense potential for therapeutic applications and is
being studied for various clinical indications such as
lipotransfer, diabetes-related complications, nerve
regeneration, burn wounds and other uses [1, 2]. The
potential for SVF transplantation as a therapy for
heart disease is also being actively investigated [3-6].
In rodent and pig models of acute and chronic
myocardial infarction, ASCs improved cardiac
function and perfusion [3-5]. Moreover, Premaratne et
al. claimed that SVF transplantation might be useful
for therapeutic angiogenesis in chronic ischemic heart
disease and may partly exert cardioprotective effects
in chronic ischemic myocardium [6]. In fact, SVF
transplantation inhibited the secretion of pro-
inflammatory cytokines such as tumor necrosis factor
alpha (TNF-a) and interleukin 6 (IL-6) in a cardiac
disease model [6] and induced neovascular formation
in ischemic muscle and myocardial infarction [6, 7].
Nevertheless, the recent status of clinical studies on
SVF transplantation in various diseases has not been
fully investigated [8, 9].

Produced by inflammatory processes, hydrogen
peroxide induces oxidative stress that can contribute
to endothelial dysfunction and cellular injury, which
in turn contribute to atherosclerosis and other
cardiovascular diseases [10, 11]. Increases in reactive
oxygen species (ROS) are related to the onset of
cardiovascular diseases, including hypertension and
atherosclerosis [12, 13]. Overall, our understanding of
the molecular control and of the developmental
significance of trans-determination processes awaits
further experimental evidence; nonetheless, the
possibility of using stem/progenitor cells for tissue-
specific cell therapy offers exciting perspectives for
future clinical application. In this context, heart tissue
is obviously a major target. Work by Condorelli and
colleagues shows that human umbilical vein
endothelial cells (HUVECs) trans-differentiate to a
cardiomyocyte phenotype when co-cultured with rat
cardiomyocytes [14]. Although the molecular
mechanisms of trans-differentiation remain unknown,
if substantiated and further optimized, conversion of
endothelial cells into cardiomyocytes could have
many therapeutic implications. Such studies suggest
that environments within the developing heart may at
least temporarily permit some precursor cells to
follow either a cardiomyocyte or endothelial cell
developmental programs. Accordingly, we aimed to
determine whether SVF transplantation into impaired
tissues has differential effects according to various
conditions including aging or gender-dimorphic
aspects.

The activity of transplanted stem cells can vary
significantly by gender [15]. For example, MSCs from

two-year-old female Rhesus monkeys showed greater
neurogenic capacity than MSCs from male monkeys
[16], and neural stem cells (NSCs) obtained from
young and old rats exhibited sexual dimorphism in
neural fate and steroid receptor levels [17].
Hematopoietic stem cells in mice presented gender
differences in cell-cycle regulation in response to
estrogen [18]. Additionally, cytokine expression by
MSCs harvested from the bone marrow of male mice
has been observed to have a higher concentration of
IL-6 and TNF and a lower concentration of vascular
endothelial growth factor (VEGF) than cells derived
from female bone marrow [19]. Although the
importance of gender as a key determinant in stem
cell transplantation has been recognized for a long
time, systematic studies on gender differences in an
attempt to develop gender-specific treatment are still
lacking. In particular, only a few studies have
investigated  gender  differences in = SVF
transplantation in diseases [9, 15, 18].

In this study, we aimed to determine whether
SVF transplantation into impaired tissues shows
differential effects according to gender in terms of
inflammatory and angiogenetic properties. Therefore,
we investigated the differences in gene and protein
expression related to inflammation and angiogenesis
in HUVECs co-cultured with adipose-derived SVFs
from males (M group) and females (F group) under
oxidative stress conditions because redox signaling
influences many physiological processes in the heart
and plays a critical role in pathological cardiac
remodeling [20, 21]. Interestingly, dramatic
differences were found in the expression of some
inflammatory and angiogenetic factors between the
male and female donors. In addition, Database for
Annotation, Visualization, and Integrated Discovery
(DAVID) network analysis suggested that in HUVECs
co-cultured with SVFs, pyroptosis/apoptosis was
ameliorated via an increase oxidative stress
conditions. Specifically, caspase-1 (CASP1) and IL-1B
levels were considerably altered in HUVECs
co-cultured with SVFs from female donors. These
findings on the gender-dimorphic regulation of
adipose-derived SVFs provide valuable information
that can be used for the evidence-based, gender-
specific clinical application of SVF transplantation for
cardiac diseases.

Materials and Methods

Donors

The 7 donors were recruited at the International
St. Mary’s Hospital of Catholic Kwandong University,
and their fat was acquired from the abdominal wall
by gentle manual techniques. The donors included
three males and four females (Table 1), and one
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female sample was used for only characterization of
SVFs (Fig. 1A). The study protocol was approved by
the ethics review committee of the Institutional
Review Board of the College of Medicine, Catholic
Kwandong University.

Table 1. Information about the analyzed donors

Group Number Age (Year) Purpose of treatment
Male group (M) #1 47 Rejuvenation

#2 42 Rejuvenation

#3 62 Rejuvenation
Female group (F) #1 45 Depilation

#2 62 Arthritis

#3 61 Arthritis
Characterization (F) #1 53 Arthritis

Culture of adipose-derived SVFs and HUVECs

SVFs were isolated from human adipose tissue
using the Smart X kit (Dongkoo bio & pharma Co.,
Seoul, South Korea) according to the manufacturer’s
instructions. The SVFs were cultured in Dulbecco’s
Modified Eagle’s Media (DMEM; HyClone)
containing 10% FBS (HyClone, Logan, UT, USA) and
1% penicillin/streptomycin at a density of 5x10*
cells/cm?in 100 mm dish in a humidified atmosphere
with 5% CO; at 37°C and were passaged 3 times.
HUVECs (Lonza, Walkersville, MD, USA) were
cultured in Clonetics™ Endothelial Growth Basal
Medium 2 (EBM-2; Lonza) supplemented with
Clonetics™ Endothelial Growth Medium 2 (EGM-2)
SingleQuots (Lonza) using plates coated with 0.1%
gelatin (BD Biosciences, Sparks, MD, USA) in a
humidified atmosphere of 5% CO. and 95% air at
37°C.

Cell viability assay

The HUVECs were seeded 24 hrs prior to H.O;
treatment at a density of 5x10* cells/cm? onto 96-well
plates and were treated with H>O (0-50 pM) for 2, 4,
or 6 hrs. After the addition of 10 pL of Ez-Cytox
(Daeillab, Seoul, Korea) into each well, cell viability
was evaluated by measuring the optical density at 450
nm.

Reactive oxygen species (ROS) detection assay

The HUVECs were plated 24 hrs prior to H,O:
treatment at a density of 5x10* cells/cm? in 6-well
plates, and ROS was induced after a 2, 4, or 6 hrs
treatment with 0-50 pM H»O,, followed by exposure
to 50 pM DCF-DA (Sigma-Aldrich, St. Louis, MO,
USA) for 30 min at 37°C in the dark. Green
fluorescence was detected using a BD AccuriCé
Cytometer (BD Biosciences, Piscataway, NJ, USA).

Co-culture of SVF and HUVECs
HUVEC:s at passage 5 were plated 24 hrs prior to

H>O, treatment at a density of 5x10* cells/cm? in
6-well plates and were then treated with or without
H>O; at 40 pM for 4 hrs. The cells were co-cultured
with individual SVFs of passage 3 in trans-well inserts
with a 0.4-pm porous translucent PET membrane
(FALCON, Pittston, PA, USA). After incubation for 24
and 48 hrs, cells in the lower well were harvested for
further analysis. The experimental groups were
designated as follows: group 1 (negative control; NC),
HUVECs (monoculture); group 2 (H20.), HUVECs
(monoculture) + H>O groups 3, 4, and 5 (M),
HUVECs and SVFs (males #1, #2, or #3, co-culture) +
H>O»; groups 6, 7, and 8 (F), HUVECs and SVFs
(females #1, #2, or #3, co-culture) + H,O».

Flow cytometry

Flow cytometry was performed according to our
previous work [22]. Cells were collected using
Accutase Cell Detachment Solution (Thermo,
Louisville, CO, USA), antibodies were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA,
USA), and cells were analyzed using a BD AccuriC6
Cytometer.

Immunoblot analysis

Immunoblot analysis was performed according
to our previous work [22]. Primary polyclonal
antibodies and horseradish peroxidase-conjugated
secondary antibody (Santa Cruz Biotechnology) were
used for protein detection. Proteins were visualized
using an enhanced chemiluminescence (ECL, Western
Blotting Detection kit, GE Healthcare, Sweden)
system, and the band intensities were quantified
using Image] software.

Quantitative real-time PCR (qPCR)

Transcript levels were quantified using the
Applied Biosystems StepOnePlus real-time RT-PCR
System (Foster City, CA, USA). Total RNA was
isolated from cells using TRIZOL Reagent Solution
(Life Technologies, Frederick, Maryland, USA), and
reverse-transcription was performed using a Maxime
RT Premix kit (iNtRON Biotechnology, Seongnam,
Korea). We employed the SYBR Green Dye system
(Applied Biosystems) for real-time PCR. Sequences of
primer sets are listed in Table 2.

Network analysis

The DAVID v6.8 database provides a
comprehensive set of functional annotation tools to
determine the biological relevance of many genes/
proteins [23]. DAVID provides the ability to visualize
genes on BioCarta and KEGG pathway maps and
display related many-genes-to-many-terms in a 2D
view.
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Table 2. Sequences of primers used for qPCRs

Genes Primer sequence (5 - 3")
CASP1 (caspase 1) Fa GAGCAGCCAGATGGTAGAGC
R TTCACTTCCTGCCCACAGAC
PYCARD (PYD and CARD F ATCCAGGCCCCTCCTCAG
domain containing R GGTACTGCTCATCCGTCAGG
IL1B (interleukin 1 beta) F  TGAGCTCGCCAGTGAAATGA
R AGATTCGTAGCTGGATGCCG
1L18 (interleukin 18) F  TGCAGTCTACACAGCTTCGG
R ACTGGTTCAGCAGCCATCTT
IFNG (interferon gamma) F  TGAATGTCCAACGCAAAGCA
R CTGGGATGCTCTTCGACCTC
IL33 (interleukin 33) F  TTATGAAGCTCCGCTCTGGC
R CIGTTGACAGGCAGCGAGTA
FGF1 (fibroblast growth factor ' GGGGTTGCTTAGAGCTGTGT
1) R GGAGCCAAGAATGTCAGCCT
FGF2 (fibroblast growth factor ' TCCACCTATAATTGGTCAAAGTGGT
2) R CATCAGTTACCAGCTCCCCC
VEGFA (vascular endothelial F  CTGTCTAATGCCCTGGAGCC
growth factor A) R ACGCGAGTCTGTIGTTTTTGC
ANG (angiogenin) F TCCCGTTGAAGGGAAACTGC
R CCAGCACGAAGACCAACAAC
PDGFA (platelet derived F GGGAACGCACCGAGGAAG
growth factor subunit A) R GGAGGAGAAACAGGGAGTGC
PDGEFB (platelet derived F  GCTGAAAGGGTGGCAACTTC
growth factor subunit B) R GGGAATGAAAAATGGGCGCT

Internal control

GAPDH F
(glyceraldehyde-3-phosphate R
dehydrogenase)

) F, sequence from sense strands; b R, sequence from anti-sense strands

GAAAGCCTGCCGGTGACTAA
AGGAAAAGCATCACCCGGAG

Statistical analysis

All data, expressed as the means * SD, were
compared by one-way analysis of variance (ANOVA)
using the Statistical Package of Social Science (SPSS,
version 14.0K) program. Group means were
considered significantly different at p<0.05, as
determined by the technique of protected
least-significant difference (LSD) when ANOVA
indicated an overall significant treatment effect
(p<0.05).

Results

Surface protein expression of human
adipose-derived SVFs by passage

SVFs were obtained from each of 3 male and
female donors (Table 1) to observe gender differences
in human adipose tissue-derived SVFs and were
cultured until passage 3 to obtain sufficient numbers
for co-culturing with HUVECs. First, we investigated
differences in surface protein expression by SVFs
according to passage number using flow cytometry,
whereupon no differences were observed between the
three passages (Fig. 1A).

Determination of the H,O, concentration and
treatment time in HUVECs

To determine the treatment duration and
titration of H>O, in HUVECsS, cell viability and ROS

generation in HUVECs were measured using
Ez-Cytox and DCF-DA at different H)O;
concentrations (0, 10, 20, 30, 40, or 50 pM) and
treatment times (0, 2, 4, or 6 hrs). HUVECs were most
affected by ROS generation when treated with 40 pM
H>O:s for 4 hrs (Fig. 1B), although the cell viability was
87% at this concentration and treatment time (Fig. 1C).
Therefore, HUVECs were treated with 40 uM of H2O»
for 4 hrs before being co-cultured with SVFs.

Changes in transcripts related to inflammation
and angiogenesis in HUVECs by SVFs

HUVECs pre-treated with H,O, were cultivated
with isolated human adipose derived-SVFs from both
male and female donors for 24 hrs. The expression
levels of genes related to inflammation and
angiogenesis in HUVECs were compared between the
two groups using qPCR. Most of the
inflammation-related genes (CASP1, PYCARD, IL1B,
IL18, and IFNG) were significantly increased in
HUVECs by H>O, but were decreased in HUVECs
co-cultured with SVFs (Fig. 2A). In addition, all genes
associated with angiogenesis (FGF1, FGF2, VEGFA,
ANG, PDGFA, and PDGFB) were remarkably
down-regulated in HUVECs treated with H>O, but
were up-regulated in HUVECs co-cultured with SVFs
(Fig. 2B). Interestingly, a significant difference
between male and female donors was observed in
only the gene expression of IL-33 and PDGFs (Fig. 2).

Changes in proteins related to inflammation
and angiogenesis in HUVECs by SVFs

H>O»-treated HUVECs were co-cultured with
SVF for 48 hrs, and the protein expression levels of
anti-oxidant proteins (peroxiredoxin (PRX) and
thioredoxin (TRX)), inflammatory factors (caspase-1,
interleukin (IL)-1B, and IL-33), and angiogenic factors
(VEGF, fibroblast growth factor (FGF)-2, and
platelet-derived growth factor (PDGF)-2) were then
determined by western blotting. Consequently, PRX
and TRX levels were down-regulated by H.O, but
showed an upward trend in HUVECs co-cultured
with SVFs in both groups (Fig. 3). Meanwhile,
caspase-1 and IL-1B were significantly increased
IL-33, VEGF, FGF-2, and PDGF-2 were remarkably
decreased by H>O,, whereas these factors showed
opposite expression patterns when co-cultivated with
SVFs compared with H>O, treatment alone (Fig. 3).
However, few differences were found in the
expression of proteins related to inflammation and
angiogenesis between males and females, in contrast
to the gene expression results (Fig. 3).

http://www.medsci.org



Int. J. Med. Sci. 2017, Vol.

14

915

A

“ cD31 CD34 cD45 CD90) CD105 CD106
150 4 | P‘
P1 100 %\ |
so4 Wi RN
"\ | A\
o o D e R e
g cD31 cD90 | cD105 cD106 |
100 J‘ *Ii 2
P2 i il o
50 ,Hf,\ 1] ‘ﬂ'\ ‘ ;‘ ". ”ﬁhll E
) t' F Y WA I "’i 3
0 {“-m“}-‘n o om e N e R | g
e |
200 ; y 7]
i CD31 CD34 cD45 CD105 CD106
150 - f 1 h
pa e | \ M \ i
100 4 | | 11 i\ ‘
/i ' [V \ /,.m l\'u
50-}' b 1 \[ TR ‘J."“ Y 11
Y . ! . T— Jm;}. \ e P \k- | L AN
10° 10* 107 10° 10% 105 10° 10° 10" 107 10° 10* 10° 10° 10° 10" 107 10° 10¢ 10° 10° 10° 10" 107 10° 10¢ 10® 10° 10° 10" 107 10° 10* 10° 10% 10° 10" 107 10° 10* 10° 10%
Log Intensity
B 200 C
120
£ 150 - 100 1 S, ¢
K] e T
£ H,0,, < 80 -
2 100 - 40 M 2
— = 60 -
2 )
o > 40 |
| 20 A
0 AL 0
0 1 2 3 4 5 6
100 10" 102 10° 10* 105 10 0 10 20 30 40 50 HO,uM)

Log Intensity

Figure 1. Surface protein expression on adipose-derived SVFs according to passage, as measured by (A) flow cytometry. (B) ROS generation and (C) Cell
viability of HUVECs treated with different concentrations of H.0; for 4 hrs. Information of SVF for characterization was summarized in Table 1. P, passage. Cell
viability and ROS generation were measured using Ez-Cytox and DCF-DA, respectively. Data are representative of three independent experiments. Significant differences
between the non-treated (0 uM) and H,O»-treated (10, 20, 30, 40 or 50 uM) groups were determined using ANOVA, with p values indicated as *p<0.05 and **p<0.01.
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Figure 2. Gene expression related to (A) inflammation and (B) angiogenesis in HUVECs co-cultured with SVF, as determined by qPCR. Data are
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Table 3. DAVID functional annotation clustering of differentially
altered genes/proteins related to inflammation and angiogenesis in
HUVECs by SVFs

Annotation Enrichment Score: 3.06 Count P Benjamini FDR
cluster Value
KEGG_ Cytosolic DNA-sensing 5 1.3E-6 8.5E-5 1.4E-3
PATHWAY pathway
KEGG_ Influenza A 6 2.2E-6 6.9E-5 2.2E-3
PATHWAY
KEGG_ Salmonella infection 5 3.8E-6 8.1E-5 3.9E-3
PATHWAY
GOTERM_ Interleukin 3 5.8E-6 4.1E4 8.4E-3
BP_DIRECT
KEGG_ Legionellosis 4 5.2E-5 6.6E-4 5.3E-2
PATHWAY
KEGG_ NOD-like receptor 4 5.2E-5 5.8E-4 5.6E-2
PATHWAY signaling pathway
GOTERM_  Positive regulation of 3 9.8E-5 24E-3 1.4E-1
BP_DIRECT interleukin-1 beta secretion
BIOCARTA IL-18 signaling pathway 3 3.2E-4 9.1E-3 2.7E-1
GOTERM_  Positive regulation of 3 43E-4 8.8E-3 6.2E-1
BP_DIRECT interferon-gamma

production
GOTERM_  Positive regulation of 3 49E-4 9.5E-3 7.0E-1
BP_DIRECT interleukin-6 production
KEGG_ Pertussis 3 49E-3 1.7E-2 4.9E0
PATHWAY
GOTERM_  Signal transduction 5 51E-3 6.7E-2 7.1E0
BP_DIRECT
GOTERM_  Apoptotic process 4 5.2E-3 6.6E-2 7.2E0
BP_DIRECT
GOTERM_  Inflammatory response 3 2.5E-2 2.6E-1 3.0E1
BP_DIRECT
GOTERM_  Cytosol 5 1.3E-1 6.1E-1 7.3E1
CC_DIRECT
UP_SEQ_  Splice variant 6 43E-1 1.0E0 9.9E1
FEATURE
UP_ Cytoplasm 4 49E-1 9.2E-1 1.0E2
KEYWORDS
UP_ Phosphoprotein 4 8.8E-1 1.0E0 1.0E2
KEYWORDS

Network prediction of HUVEC targets related
to inflammation and angiogenesis after
exposure to SVFs

To determine differentially altered
genes/proteins in HUVECs related to inflammation
and angiogenesis after exposure to SVFs, we classified
genes/ proteins based on the bioinformatics resources
of DAVID. After entering a list of genes into DAVID,
among multiple KEGG pathways, the pathways in
HUVECs that were most affected by SVFs were
related to cytosolic DNA-sensing (Table 3 and Fig. 4).
Five (PYCARD, CASP1, IL-1B, IL-18, and IL-33) genes
were mainly localized to the cytosolic DNA-sensing
pathway, and the activation of CASP1 can also result
in a rapid inflammatory form of cell death called
pyroptosis. These results suggested that adipose-
derived SVFs ameliorated oxidative stress-induced
pyroptosis/apoptosis.

Discussion

Adipose-derived SVFs exhibit mesodermal and
ectodermal capacity and contain heterogeneous cell
populations such as blood-derived cells (CD45%),
ASCs (CD31, CD34*, CD45, CD90*, CD105 and
CD106*), MSCs (CD31-, CD34-, CD45-, CD90*, CD105*
and CD106%), endothelial (progenitor) cells (CD31*,
CD34+, CD45-, CD90*, CD105 and CD106%), vascular
smooth muscle cells (CD31,, CD34*, CD45, CD90*,
CD105 and CD106), pericytes (CD31-, CD34-, CD45-,
CD90+, CD105- and CD106%), and other cells [24, 25].
Minor differences between freshly isolated SVFs and
cultured SVFs exist in terms of their phenotype and

http://www.medsci.org
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kinetics [26], but differences in the surface marker
expression (CD31-, CD34-, CD45*, CD90*, CD105%, and
CD106%) of cultured SVFs were negligible by passage
3 in the present study (Fig. 1A). These results suggest
that these SVFs contain heterogeneous cell
populations similar to freshly isolated SVFs. In the
present study, we aimed to determine whether SVF
transplantation shows differential effects according to
gender in inflammatory and angiogenetic properties;
thus, we investigated the differences in gene and
protein expression related to inflammation and
angiogenesis in HUVECs co-cultured with isolated
adipose-derived SVFs from males and females by
oxidative stress.

Redox signaling influences many physiological
processes in the heart and plays critical roles in
pathological cardiac remodeling [27]. ROS production
triggers inflammation and/or regulates the
inflammasome, which is common for heart disease
and stroke patients and thought to be a sign of an
atherogenic response [21]. The inflammasome is a
multiprotein oligomer consisting of CASP1, PYCARD,
NALP, which enhances the maturation of the
inflammatory cytokines Interleukin 1p (IL-1p) and
Interleukin 18 (IL-18) to induce IFN-y secretion [28]
and cleavage and inactivation of IL-33 [29]. In
addition, the inflammasome promotes angiogenesis,
either directly or via the generation of active oxidation
products, including peroxidized lipids [30], but H.O»
mediated by NADPH oxidase has biphasic effects on
angiogenesis in vitro and in vivo [31]. Inflammation
and angiogenesis have long been coupled in many
chronic inflammatory disorders and have further
been substantiated by the finding that several

non-inflammatory disorders display both
inflammation and angiogenesis in an exacerbated
manner [32]. In addition, the interplay among
inflammatory cells, endothelial cells and fibroblasts at

sites of chronic inflammation can trigger
inflammation and angiogenesis through the same
molecular events, further strengthening this

association [32]. Pro-inflammatory cytokines and
chemokines induce the recruitment of immune cells
[33], and these infiltrated inflammatory cells also
synthesize pro-inflammatory cytokines, regulating
both chronic inflammation and angiogenesis [34].
Many therapeutic studies have reported an
initial decrease in inflammation and immune
responses at the site of SVF injection [2, 6, 7, 35].
Moreover, SVFs promote angiogenesis, and
neovascularization has major implications for
diseases characterized by poor vascularization,
ischemia, and necrosis [2]. The application of SVFs has
successfully resulted in neovascular formation in
acute myocardial infarction, burn wounds, diabetic
foot ulcers and ischemic muscle [6, 7]. With this
connection, in our study, we also observed
anti-inflammatory and pro-angiogenetic properties in
HUVECs co-cultured with SVFs under oxidative
stress conditions (Figs. 2 and 3). Furthermore, we
observed that these properties of SVFs may partially
differs according to gender because gender can be
major factor in stem cell transplantation [9]. In fact,
NACHT, LRR and PYD domains-containing protein 3
(NLRP3) and Interferon-inducible protein 2 (AIM2)
inflammasomes exhibited gender-dependent
differential activation in SLE macrophages [36] and
atherosclerosis [37] because sex hormones alter the
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immune response, resulting in different disease
phenotypes according to gender [37]. In addition,
inflammatory cytokines and angiogenetic factors in
MSCs also showed differential expression in male and
female mice [19]. In the present study, dramatic
differences were found in the gene expression of some
inflammatory (IL-33) and angiogenetic factors
(PDGFs) in HUVECs co-cultured with
adipose-derived SVFs from male (M group) and
female (F group) donors under oxidative stress
conditions. Inflammasomes can also promote
pro-inflammatory or pro-death functions of CASP1.
The activated CASP1 can trigger an inflammatory
type of programmed cell death called pyroptosis [38].
In this study, we showed that oxidative stress could
induce pyroptosis/apoptosis in HUVECs. Pyroptosis
was inhibited by CASP1 inhibition in HUVECs
co-cultured with adipose-derived SVFs from male
and female donors, but it was more significantly
altered by SVFs from female donors. Gene expression
is often interpreted in terms of protein levels, but the
correlation can be as little as 40% depending on the
system [39]. Therefore, differences between gene and
protein expression in our data were likely caused by
various factors such as RNA stability and processing
and protein stability and modification, since proteins
may be affected by many processes between
transcription and translation [39].

This study is the first to describe the
inflammatory and angiogenetic factor expression
profiles in HUVECs induced by isolated SVFs from
donors of different genders under oxidative stress
conditions. These results could provide the basis for
the clinical application of SVF transplantation for
patients with impaired tissues. However, further
studies using more donors, together with various
environmental conditions and varied target proteins,
are required to better understand the influence of
gender on human adipose-derived SVFs.
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