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ABSTRACT

Keloids are disfiguring lesions that result from an abnormal wound healing process.
Despite the availability of numerous therapeutic options, keloids remain challenging
to treat and often recur after therapy. ®-Mangostin, a natural xanthone isolated from
the fruit of the Mangosteen tree, has been used for centuries in many Southeast Asian
nations for medicinal purposes, and has gained attention more recently due to its
anti-inflammatory, antimicrobial, and antioxidant properties, with numerous studies
suggesting possible anticarcinogenic activities. Hypothetically, a-mangostin may have
therapeutic value for keloid suppression. To investigate this hypothesis, the effects of
a-mangostin on fibroblast proliferation, apoptosis, and gene expression iz vitro were
analyzed. Dermal fibroblasts were isolated and cultured from normal human skin
and excised keloid lesions (3 donors each), and were treated with multiple doses of
a-mangostin 7z vitro. Dose-dependent decreases in proliferation in keloid and normal
fibroblasts were observed following treatment with a-mangostin. The a-mangostin
treated fibroblasts displayed significantly increased expression of C/EBP homologous
protein (CHOP), which mediates endoplasmic reticulum stress-induced apoptosis,
suggesting increased apoptosis. In addition, numerous changes in gene expression
were observed in a-mangostin-treated keloid fibroblasts, including decreased
expression of collagen type I alpha 1 chain (COLIAI) and increased expression of
matrix metalloproteinase 1 (MMPI), MMP3, and MMP13. Secretion of pro-collagen
I was decreased, and secretion of MMP1 and MMP3 were increased, in ®-mangostin-
treated fibroblasts. The results suggest that a-mangostin may exhibit antiproliferative,
proapoptotic, and antifibrotic activities in keloid and normal fibroblasts. Thus, this
study suggests that further investigation is warranted to fully explore the therapeutic
potential of a-mangostin for suppression of keloid development.
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INTRODUCTION

Keloids are fibroproliferative lesions that can result from an
abnormal wound healing response. Although historically
considered an extreme form of pathological scarring, the
term “keloid disorder” has been proposed to distinguish
these lesions from other types of scars, such as hypertrophic
scars."” Keloids are characterized by excessive and abnormal
deposition of collagen, with an elevated ratio of type I to
type III collagen.’ Unlike hypertrophic scars, which are
raised but limited to the original wound area, keloids tend to
bulge over the original wound margin and can continue to
increase in size indefinitely.* Keloids are relatively common,
although the incidence varies among different populations,
with increased risk of keloid formation in individuals
of African, Asian, and Hispanic descent compared with
those of European ancestry.">> Keloids are disfiguring and
can cause pain, itching, decreased range of motion, and
impaired psychosocial well-being.™” Keloids are extremely
resistant to treatment, usually recurring even after surgical
excision.! There are many different treatment modalities for
keloids, but most have limited long-term success, and high-
quality evidence supporting clinical efficacy is lacking for
most therapies.”'®!" Improved therapeutic interventions are
needed to suppress keloid pathology and alleviate patient
morbidity.

The molecular mechanisms leading to keloid formation
remain incompletely understood, despite numerous
studies reporting gene expression abnormalities in
keloids and keloid-derived cells."*" The fact that keloids
have an increased prevalence in certain populations,
and tend to run in families, suggests a genetic
predisposition.'® Although numerous chromosomal loci
have been associated with keloid risk, no causative gene
has been identified to date, and it is likely that keloid
susceptibility is a multigenic trait.'®"” Keloid fibroblasts
exhibit increased proliferation, decreased apoptosis,
increased expression of type I collagen, and exaggerated
responses to transforming growth factor beta 1 (TGF-p1)
signaling.>*?° In addition, keloid fibroblasts exhibit
increased expression of proinflammatory cytokines and
altered regulation of genes in multiple signaling pathways,
including TGF-B1 and WNT/f-catenin pathways. '3'>!
Agents that reverse this fibrotic phenotype are expected to
have potential therapeutic value for keloid suppression.
There has been increasing interest in recent decades
in the medicinal uses of natural, botanical dietary
supplements, due in part to their perceived health-
promoting qualities.”” Many botanical supplements
have demonstrated medicinal properties, such as anti-
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inflammatory, anti-infective, and anti-oxidant properties,
and there has been a great deal of research into potential
therapeutic applications of phytochemicals. One plant that
has a long history of medicinal use is Garcinia mangostana,
also known as mangosteen, a tropical tree native to Southeast
Asia. The fruit of the mangosteen tree has been used for
centuries as a medicinal agent, particularly for treatment
of wounds and skin infections, as well as abdominal pain,
diarrhea, dysentery, and ulcers.?>** The pericarp of the fruit
is rich in xanthones, a class of polyphenolic compounds with
numerous biological activities; among these, a-mangostin
is a major constituent.** Because o-mangostin has been
reported to exhibit numerous pharmacological properties,
it has been explored as an anti-cancer agent. Evidence
from in vitro and preclinical in vivo studies suggests that
a-mangostin has anticarcinogenic activities affecting tumor
initiation, promotion, and progression.”> a-Mangostin has
potent antioxidant activities, which include scavenging
of free radicals and modulation of oxidative stress-related
enzymes.”>” In addition, ®-mangostin has antiproliferative
and proapoptotic activities.”> For example, a-mangostin
reduced proliferation via cell cycle arrest in a human
colon cancer cell line, in part through downregulation
of cyclin protein levels, and induced apoptosis in human
leukemia cell lines and a human osteosarcoma cell line.”
¥ Anti-inflammatory activity of o-mangostin has been
demonstrated in multiple human cell lines from different
tissues; for example, a-mangostin reduced expression of the
proinflammatory mediators tumor necrosis factor alpha
(TNFo) and interleukin 8 (IL8) in HepG2 hepatocyte
carcinoma cells, Caco-2 colorectal adenocarcinoma cells,
and HT-29 colon cancer cells.** Antifibrotic activities have
been demonstrated in hepatic stellate cells 77 vitro, suggesting
therapeutic potential for suppression of liver fibrosis.’'*?
For example, treatment of LX2 hepatic stellate cells with
a-mangostin decreased proliferation, TGF-P1 secretion,
and decreased expression of collagen type I alpha 1 chain
(COL1A1I), alpha smooth muscle actin, and phosphorylated
SMAD family member 3 (SMAD3), considered markers of
fibrogenesis.*"*

Because of the antiproliferative, anti-inflammatory,
proapoptotic, and anti-fibrotic activities of a-mangostin
thatwere previously described, it may representan attractive
new therapeutic for suppression of keloid scarring. To
begin to explore this possibility, we investigated the effects
of a-mangostin in keloid-derived cells iz vitro. Fibroblasts
cultured from keloid lesions and normal human skin were
treated with a-mangostin; proliferation was quantified,
and expression levels of fibrotic markers and other genes
implicated in keloid pathology were analyzed.
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MATERIALS AND METHODS

Primary cell culture

Human tissue samples were obtained with approval of the
University of Cincinnati Institutional Review Board, in
accordance with Declaration of Helsinki principals. All
tissue samples were assigned donor strain identification
numbers upon receipt in the laboratory (Table 1). Two
of the excised keloid lesions (donor strains 830 and 934)
were collected with informed consent from patients
undergoing elective surgeries at Shriners Hospitals for
Children — Cincinnati. The remaining keloid sample
(donor strain 961) and three normal skin samples were
collected as de-identified surgical discard tissue from
patients undergoing elective plastic surgery procedures
at the University of Cincinnati Medical Center. For
collection of de-identified normal skin, the Institutional
Review Board determined that this activity did not meet
the definition of human subjects research; therefore,
patient consent was not required. Patient demographic
information is presented in Table I.

Primary cultures established as previously
described.”? Briefly, tissue samples were trimmed
to remove subcutaneous fat, cut to strips measuring
approximately 0.5 cm wide and 1-2 ¢cm long, and
incubated overnightat4° Cin Dispase II (MilliporeSigma,
St. Louis, MO). Following removal of the epidermis,

were

and inoculated into flasks. Culture media consisted of
Dulbecco’s Modified Eagle Medium (DMEM; Thermo
Fisher Scientific, Waltham, MA) supplemented with
10 ng/ml epidermal growth factor (PeproTech, Rocky
Hill, NJ), 5 pg/ml insulin (Thermo Fisher), 0.5 pg/ml
hydrocortisone (MilliporeSigma), 0.1 mM ascorbic acid-
2-phosphate (MilliporeSigma), 4% Fetal Bovine Serum
(FBS; Thermo Fisher), and 1X Antibiotic-Antimycotic
Solution (Thermo Fisher). Culture media was exchanged
every other day and cells were passaged when they reached
80-90% confluence (5-6 days). Cells were utilized for
experiments at passage two or three.

Proliferation Assay

a-Mangostin ~ (MilliporeSigma) was ~ dissolved in
dimethyl sulfoxide to make a 10.0 mM stock solution;
this was further diluted in culture media to obtain the
desired concentrations. Fibroblast proliferation was
measured using an MTT (3-(4,5-dimethylthiazol-2-
yD)-2,5-diphenyltetrazolium bromide) assay as detailed
elsewhere.** Normal and keloid fibroblasts (N = 3 strains
each) at passage 2 were inoculated into wells in 24-
well plates at 1.0 X 10%/cm? in duplicate, and 48 hours
later a-mangostin (MilliporeSigma) was added to the
media to yield final concentrations of 0.0 pm (vehicle
control), 1.0 pm, 2.5 pm, 5.0 pm, 7.5 pm, and 10.0
pm. Cells were incubated for 4, 8, 12, or 24 hours. For
the 24 hour incubation, the medium was changed to

TABLE 1: Demographic data for donors of tissue used for primary cell culture.

Strain # Tissue Type Donor Sex Donor Age Donor Ethnicity* Body Site
918 Normal Skin Female 25 African American Breast
927 Normal Skin Female 31 African American Breast
979 Normal Skin Female 19 African American Thigh
830 Keloid Male 17 African American Ear

934 Keloid Female 15 African American Ear

961 Keloid Female 26 African American Back

*Donor ethnicity was self-reported.

the dermal strips were finely minced and incubated
in collagenase (Worthington Biochemical ~Corp.,
Lakewood, NJ) for 1-2 hours with occasional mixing.
Fibroblasts were pelleted by mild centrifugation (1,000
rpm, 7 minutes, at 4° C), rinsed with culture media,
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fresh medium containing a-mangostin or vehicle at 12
hours, and the incubation was continued for another
12 hours, for a total incubation time of 24 hours.
This was done because previous reports indicated that
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a-mangostin has variable stability in different types of
culture medium.”® Gutierrez-Orozco et al. found that
only about half of a-mangostin activity was lost after
incubation in DMEM for 12 hours; however, the activity
was increased to near starting levels by addition of 10%
FBS to the culture media.®* As the DMEM culture
media in the current experiment contained 4% FBS, the
media was changed after 12 hours with fresh addition
of a-mangostin to compensate for any potential loss of
activity in the culture media. At the end of the incubation
period, the MTT assay (MP Biomedical, Santa Ana,
CA) was performed, and absorbance was measured at a
wavelength of 570 nm. Absorbance provides an index of
cellular metabolic activity, which is proportional to cell
number. The absorbance values were normalized to levels
of vehicle-treated cells of the same donor strain at the
same time point (controls), and data are expressed as the
mean percent of control for all three cell strains for each
fibroblast type (normal or keloid).

Gene Expression Analysis

Normal and keloid fibroblasts (3 donor strains each) at
passage 3 were inoculated in duplicate into 6-well plates
at a density of 1.0 X 10%/cm?. After 48 hours, cells were
treated with vehicle or a-mangostin at 5 pM. The media
was changed and fresh a-mangostin (or vehicle) was
added at 12 hours, and cells were harvested at 24 hours
for isolation of total RNA using the Qiagen RNAeasy
mini kit (Qiagen, Inc., Valencia, CA). The SuperScript
VILO ¢DNA Synthesis Kit (Thermo Fisher) was used for
preparation of cDNA. Real-time quantitative polymerase
chain reaction (qQPCR) was used for analysis of gene
expression. Amplification was performed with gene-
specific primers (RT2 qPCR Primer Assays; Qiagen) and
RT2 SYBR Green qPCR Mastermix (Qiagen) using the
StepOne Plus Real Time PCR System (Thermo Fisher).
Technical triplicates of the qPCR amplification were
performed in addition to biological replicates. Genes
analyzed included COLIAI, matrix metalloproteinase
1 (MMPI), matrix metalloproteinase 3 (MMP3),
matrix metalloproteinase 13 (MAMPI13), hyaluronan
synthase 2 (HAS2), periostin (POSTN), transforming
growth factor beta 1 (7GFBI), vascular endothelial
growth factor (VEGF), cyclin D1 (CCNDI), cyclin D2
(CCND2), interleukin 6 (IL6), serpin family H member
1 (SERPINHI), which is also known as heat shock
protein 47 (HSP47), GLI Family Zinc Finger 1 (GLII),
and C/EBP homologous protein (CHOP), also known
as DNA damage-inducible transcript 3 (DDI73) and as
growth arrest and DNA damage-inducible protein 153
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(GADD153). Expression levels were referenced to the
glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
gene using the comparative 2 method.” A mean
expression level was calculated for each pair of duplicate
samples for each group (control or a-mangostin-treated)
and cell strain, and the relative expression in ®-mangostin-
treated cells was normalized to the level in untreated cells
of the same strain, providing a fold change expression level
for each cell strain. Data for normal and keloid fibroblasts
are presented as the mean for each cell type (N = 3 donor
strains) + standard error of the mean (SEM).

Analysis of Protein Secretion

Levels of MMP1, MMP3, and pro-collagen type I in
culture media were determined using Enzyme-Linked
Immunosorbent Assays (ELISAs). Cells were cultured
and treated with a-mangostin or vehicle (control) for 24
hours as described for analysis of gene expression, and
media was harvested and stored frozen at -20° C until
used in ELISAs. MMP1 and MMP3 levels in culture
media were measured using the Human Pro-MMP-1
Quantikine ELISA Kit and the Human Total MMP-3
Quantikine ELISA Kit (R&D Systems, Minneapolis,
MN) according to the manufacturer’s instructions.
Collagen type I was measured using the Human Pro-
Collagen I alpha 1 ELISA Kit (Abcam, Inc., Cambridge,
MA) according to manufacturer’s instructions.

Statistical Analyses

Statistical analysis was performed and data plots
generated using SigmaPlot 13 (Systat Software, Inc., San
Jose, CA). Pairwise comparisons were analyzed using
the #-test. Multiple comparisons over time (proliferation
assay) for each cell type were analyzed using One Way
Repeated Measures Analysis of Variance. Differences
were considered statistically significant at P < 0.05.

RESULTS

Treatment of normal or keloid fibroblasts with increasing
concentrations of o-mangostin (1.0-10.0 pM) resulted
in a dose-dependent decrease in proliferation over time
compared with vehicle-treated control cells (Figure 1).
Significant differences among varying o-mangostin
concentrations over time were observed. There were no
differences in sensitivity to a-mangostin between normal
and keloid fibroblasts, except for the highest concentration
at 24 hours; in 10 pM a-mangostin, there was a 98.56%
reduction in proliferation in normal fibroblasts, but a
99.39% reduction in keloid fibroblasts (P < 0.05).

To determine whether apoptosis contributes to the
reduction in proliferation of normal and keloid

© KELOID RESEARCH FOUNDATION
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FIGURE 1: Proliferation is reduced in fibroblasts treated with a-mangostin. Plotted are mean values (+/- SEM) for normal fibro-
blasts (left) and keloid fibroblasts (right) treated with varying concentrations of ®-mangostin, as indicated (N = 3 donor strains/cell
type). Values are expressed as a percent of untreated controls for each time point. For both normal and keloid fibroblasts, there was a
statistically significant interaction between dose and time (P < 0.001). The values for 1.0 pM (black line) and 2.5 pM (red line) were not
significantly different than each other, but were significantly greater than all other concentrations at 4-24 hours. For 5.0 pM (green line),
7.5 pM (yellow line), and 10 uM (blue line) a-mangostin, the differences among concentrations were statistically significant at all time
points, except for the comparison between 7.5 pM and 10.0 pM at 24 hours. There were no significant differences between normal and
keloid fibroblasts, except for 10.0 pM a-mangostin at 24 hours; at this concentration and time, the mean for keloid fibroblasts (0.61%)
was significantly lower (P = 0.025) than for normal fibroblasts (1.44%).

fibroblasts, gene expression of CHOP, which is induced
in response to endoplasmic reticulum (ER) stress-induced
apoptosis®®, was measured by gPCR. A significant increase
in CHOP expression was observed in both normal and
keloid fibroblasts treated with a-mangostin (Figure
2), suggesting increased apoptosis due to a-mangostin
treatment. No significant differences in basal CHOP
expression were observed between untreated normal and
keloid fibroblasts (data not shown).

To determine the effects of o-mangostin on gene
expression, normal and keloid fibroblasts were treated with
5.0 ptM a-mangostin, the middle concentration tested in
the proliferation assay. Expression was analyzed for genes
previously implicated in keloid disorder, or genes affected
by o-mangostin treatment in other cell types. These

include genes involved in extracellular matrix (ECM) 0 —=—" ="
deposition and remodeling: COLIAI, HAS2, POSTN, Normal Keloid
and MMP13, which are reportedly increased in keloid : :
fibroblasts compared with normal fibroblasts, and MAMP1 FIGURE 2: Induction OfC/l_EBP homologous protein (CHOP)
and MMP3, which are decreased in keloid versus normal " ﬁbr(_)blasts by a-mangostin treatment. PlOtte.d AT man gene
fibroblasts. 17 Expression of COLIAI and HAS2 was expression levels (+ .SEM) .for normal and keloid ﬁbrobl%ts, as
reduced in o-mangostin treared fibroblasts; COLIAI indicated, treated with vehicle (grey bars) or a-mangostin (black

! = . ) : bars). The expression levels in a-mangostin-treated cells were
reduction was modest but statistically significant in keloid ) malized to mean expression in untreated fibroblasts (N = 3

fibroblasts, and the reduction in HAS2 was significant  donor strains/group). Significant increases in CHOP expression
in normal fibroblasts (Figure 3). MMPI, MMP3, and  were observed (*) in a-mangostin-treated fibroblasts (P < 0.05 vs.
MMPI13 were all increased in fibroblasts treated with  control), suggesting induction of apoptosis.
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a-mangostin. The increases in MMPI and MMP13
expression were significant in both normal and keloid
fibroblasts, and the increase in MAMP3 was significant only
in keloid fibroblasts. Surprisingly, POSTN was increased
in fibroblasts, and this increase was statistically significant
in keloid fibroblasts.

Growth factors 7GF-1, a profibrotic growth factor
that is increased in keloid lesions compared with normal
skin®, and VEGF, an angiogenic growth factor that is
similarly expressed in keloid versus normal fibroblasts
but upregulated by hypoxia in keloid fibroblasts®,

Normal Fibroblasts
1000

[ 0.0 uM a-Mangostin
N 5.0 M o-Mangostin

100

Normalized Expression (Mean + SEM)

Expression of CCL2 was significantly downregulated
by a-mangostin treatment in both normal and keloid
fibroblasts. Interestingly, /L6 expression was increased
in both normal and keloid fibroblasts, and this increase
was statistically significant in keloid fibroblasts (Figure
3). A previous report found that the transcription factor
GLI1, which functions in the Sonic hedgehog signaling
pathway, was downregulated in pancreatic cancer stem
cells in response to a-mangostin.”’ In contrast, GL/I
expression was significantly increased in normal and
keloid fibroblasts treated with a-mangostin (Figure 3).

Keloid Fibroblasts
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FIGURE 3: Altered gene expression in fibroblasts treated with a-mangostin. Plotted are mean gene expression levels (+ SEM)
for normal fibroblasts (left) and keloid fibroblasts (right) treated with vehicle (grey bars) or a-mangostin (black bars). The ex-
pression level for each gene is normalized to mean expression in untreated fibroblasts (N = 3 donor strains/group). Statistically
significant expression differences are indicated by symbols: P < 0.05 vs. control (*); P < 0.01 vs. control (@); and P < 0.001 vs.

control (#).

were also examined. No significant changes in 7GF-$1
were observed, but VEGF was significantly increased in
normal fibroblasts. VEGF was increased in keloid cells
as well, but the difference between a-mangostin-treated
and control cells was not statistically significant (Figure
3). Treatment with o-mangostin had no statistically
significant effects on expression of cyclin CCNDI,
however CCND2 was significantly increased in normal
and keloid fibroblasts treated with a-mangostin. The
serine protease SERPINHI, which was previously
reported to be increased in keloid lesions compared with
normal skin, was increased in response to ®-mangostin,
with a significant increase observed in normal fibroblasts
(Figure 3).* Cytokines CCL2, also referred to as
monocyte chemoattractant protein 1 (MCPI), and IL6,
were previously shown to be upregulated in keloid
lesions and keloid fibroblasts, respectively, compared
with normal skin and skin-derived fibroblasts.!>#%

KELOID RESEARCH 2021 vor.1 n~o. 1, MarcH 2

Because ECM deposition is regulated at multiple levels,
including the post-transcriptional level, we measured
levels of pro-collagen I, MMP1, and MMP3 secreted
into the culture media of normal and keloid fibroblasts.
Treatment with a-mangostin resulted in significantly
decreased levels of pro-collagen I, and significantly
increased levels of MMP1 and MMP3, in both normal
and keloid fibroblasts (Figure 4).

DISCUSSION

Keloids are disfiguring lesions resulting from an abnormal
wound healing process. In this study, we demonstrate
for the first time the antiproliferative, proapoptotic, and
potential antifibrotic effects of a-mangostin in keloid
fibroblasts and normal human dermal fibroblasts. One
prominent feature of keloids is excessive and abnormal
deposition of collagen, which is thought to result from

© KELOID RESEARCH FOUNDATION
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FIGURE 4: Altered secretion of collagen type I, MMP1, and MMP3 in fibroblasts treated with a-mangostin. Plotted are
mean levels of pro-collagen I (left), MMP1 (center), and MMP3 (right) measured in culture media from control (grey bars) and
a-mangostin-treated (black bars) normal and keloid fibroblasts, as indicated (N = 3 donor strains/group). Statistically significant

differences are indicated by asterisks (*); P < 0.05.

an imbalance of collagen production and degradation.*
The opposing effects of a-mangostin on the levels of
MMPs and collagen type I observed in the current study
suggest that it may have potential therapeutic value for
suppression of collagen deposition in keloid lesions.
Different parts of the G. mangostana plant have been
used medicinally for centuries in Southeast Asia, with
demonstrated antimicrobial and anti-inflammatory
properties.”** These properties would be expected to
enhance wound healing, but as suggested here, it may
act directly on fibroblasts to regulate wound healing
processes including fibroblast proliferation, ER stress-
induced apoptosis, and gene expression. A previous
study analyzed the 77 vitro wound healing properties of
a-mangostin, and found that a-mangostin treatment
caused an increase in proliferation of murine 3T3
fibroblasts.” Although this appears to contrast with the
current study, those experiments were performed in an
immortalized mouse embryonic fibroblast cell line®,
which may be expected to behave differently than primary
human fibroblasts isolated from adult skin or keloids.
In addition, that study found increased migration in
a-mangostin-treated murine 3T3 cells, as measured by an
in vitro wound healing assay, suggesting a possible basis
for the traditional use of a-mangostin as a therapy for
chronic wounds.* We attempted to investigate the effects
of a-mangostin using a similar 7z vitro wound healing
assay; however, we encountered technical difficulties due
to detachment of the a-mangostin-treated fibroblasts in

© KELOID RESEARCH FOUNDATION

an in vitro scratch assay and were thus unable to quantify
migration (data not shown). The previous report found
enhanced migration in 3T3 cells treated with 1 pg/ml
a-mangostin, which is equivalent to about 2.4 pM,
roughly half the concentration tested in our study. As
we found that 2.5 pM a-mangostin had relatively lictle
effect on fibroblast proliferation, this concentration may
have yielded different results, but we chose to examine
a dose that exhibited anti-proliferative effects, as might
be used therapeutically. Further studies will be required
to investigate potential effects on a-mangostin on keloid
and normal dermal fibroblast migration and invasion.
In other cellular contexts, a-mangostin has been shown
to inhibit invasive activity; for example, in melanoma and
squamous cell carcinoma cell lines, a-mangostin inhibited
in vitro cell motility and invasion.* The antitumorigenic
properties of a-mangostin include inhibition of growth,
reduction of invasion, mitigation of oxidative damage,
induction of apoptosis, and suppression of angiogenesis.”
In addition, when combined with clinical chemotherapy
drugs, such as 5-fluorouracil, it was found to increase
the efficacy of those drugs while decreasing toxic side
effects.”” This raises the interesting possibility of using
a-mangostin as part of a combination therapy with other
drugs currently used to suppress keloid growth.

In spite of the known anti-inflammatory properties
of a-mangostin, we found that it increased expression
of IL6, a potent inflammatory cytokine that is
increased in keloid fibroblasts compared with normal
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fibroblasts.”” However, CCL2 was significantly decreased
in a-mangostin treated fibroblasts, which could serve to
reduce inflammation and perhaps decrease fibroblast
proliferation as well. CCL2 was found to be increased in
keloid lesions and in CD14+ monocytes isolated from
keloids; co-culture of these keloid-derived monocytes with
fibroblasts led to increased fibroblast proliferation, which
was dependent on CCL2.* This suggests CCL2 has a role
in increased proliferation of keloid fibroblasts.** We also
observed differing effects of a-mangostin on expression of
HAS2, which was decreased in response to a-mangostin
in normal fibroblasts, and POSTN, which was increased
by a-mangostin in keloid fibroblasts. HAS2 and POSTN
have demonstrated pro-fibrotic activities*®”!, and are both
increased in keloid versus normal fibroblasts.”” A more
comprehensive investigation of the effects of a-mangostin
will be required to understand how the various gene
expression changes act in concert to regulate cellular
behavior and overall phenotype. In addition, because the
current study analyzed expression of CHOP, a marker ER
stress-induced apoptosis®, it will be important in future
studies to investigate the effects of a-mangostin on other
apoptotic pathways. Further studies in additional relevant
cell types, such as keratinocytes, and in more complex
organotypic models, will help us to better understand
the potential therapeutic benefits of a-mangostin for
suppression of keloid scarring.

A limitation of the current study is that the analysis was
performed using fibroblasts isolated from just three normal
skin donors and three keloid donors, including two with
keloids of the ear. Several of the observed changes in gene
expression indicated trends but did not reach statistical
significance. Although the statistical analyses were
sufficiently powered to detect differences in proliferation
and expression of some genes, there was sufhicient
variability among donor cell strains for other genes to
reduce the statistical power. It is possible that analysis
of increased donor cell strains may reveal statistically
significant differences that were not detected in the current
study. Analysis of cells from a large variety of donors,
including donors of varying ethnicities and keloids from
different body sites, will be required to confirm the validity
of the results reported here. In our experience, there can be
tremendous variability among cells isolated from different
donors in expression levels of some genes, whereas other
genes are consistently overexpressed or underexpressed in
keloid versus normal cells.”” This is consistent with the
complex genetics of keloid disorder, which likely involves
multiple genes as well as interactions with environmental
factors.'”5? This suggests that a combination of therapeutic
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interventions, perhaps involving a-mangostin, may be
required to effectively suppress keloid formation.
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