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Background: Malignant melanoma is the most lethal form of cutaneous tumor and has
a high metastatic rate and motility capacity. Owing to the poor prognosis, it is urgent to seek
an effective therapeutic regimen. Human mesenchymal stem cells (MSCs) can home to
tumor cells and have been shown to play important roles in both promoting and inhibiting
tumor development. Fetal dermal MSCs (FDMSCs), derived from fetal skin are a novel
source of MSCs. Nevertheless, the antitumor capacity of FDMSCs on malignant melanoma
is not clearly understood.

Materials and methods: FDMSCs were extracted from the dorsal skin of fetal tissues.
A375 melanoma cells lines were obtained from American Type Culture Collection. The
effects of conditioned media from FDMSCs (CM-FDMSC) on A375 melanoma cells were
tested in vivo using tumor formation assay and in vitro using cell viability, 5-ethynyl-2'-
deoxyuridine incorporation, flow cytometry, TdT-mediated dUTP Nick-End Labeling
(TUNEL), wound healing, transwell invasion, and Western blotting.

Results: CM-FDMSC inhibited A375 tumor formation in vivo. In vitro, CM-FDMSC
inhibited the tumor-related activities of A375 melanoma cells, as evidenced reductions in
viability, migration, and invasion. CM-FDMSC-treated A375 cells showed decreased phos-
phatidylinositol 3-kinase (PI3K), protein kinase B (AKT), and extracellular signal-regulated
kinase (ERK) phosphorylation, and up-regulation of Bcl-2-Associated X (BAX) and down-
regulation of B-cell lymphoma-2 (BCL-2) expression.

Conclusion: CM-FDMSC can inhibit the tumor-forming behaviors of A375 melanoma cells
and inhibit PI3K/AKT and mitogen-activated protein kinase signaling to shift their BCL-2/
BAX ratio toward a proapoptotic state. Identification of the bioactive components in CM-
FDMSC will be important for translating these findings into novel therapies for malignant
melanoma.

Keywords: human fetal dermal mesenchymal stem cells, melanoma, conditioned media,
apoptosis, PI3K/AKT signaling pathway, MAPK signaling pathway

Introduction

Malignant melanoma is one of the most aggressive skin tumors derived from
malfunctioning of normal melanocytes. The incidence of melanomas continues to
increase at a high rate, particularly in western populations.' Although melanoma
represents a small proportion of skin cancers, it accounts for 75% of skin cancer
deaths in the United States.>* The increasing rate of morbidity of melanoma is
attributed mainly to its invasive potential and high resistance to many conventional
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therapies.”® Therefore, it is urgent to develop alternative
and innovative therapies to improve clinical outcomes.

Mesenchymal stem cells (MSCs) exist in various tis-
sues, including bone marrow, adipose tissue, synovial
membrane, periodontal ligament, and skin.””'° MSCs are
pluripotent progenitor cells and have shown potential in
tissue engineering and regenerative medicine.'' Previous
studies suggested that MSCs might become a promising
treatment strategy for neurological dysfunctions, diabetic,
cardiomyopathy, glaucoma, and urological diseases.'*™"
Importantly, MSCs can effectively inhibit the development
of some types of tumors.'®'® Fetal dermal MSCs
(FDMSCs) can be isolated from aborted fetal skin and
have the ability to differentiate into multiple cell types,
although their full characteristics are still under investiga-
tion. Our previous study showed that paracrine factors
secreted by FDMSCs could inhibit keloid growth.*

Phosphatidylinositol 3-kinase (PI3K)/protein kinase B
(AKT) signaling pathway regulates most hallmarks of can-
cer, including cell survival, metabolism, motility, invasion,
and genomic instability.?! Activation of the PI3K pathway
can promote tumor development by enhancing cell
survival. Mitogen-activated protein kinase (MAPK) signal
pathway plays an important role in many biological func-
tions such as cell proliferation, adhesion, survival, and
differentiation. It also participates in tumorigenesis and
regulates the apoptotic process. MAPK pathway is acti-
vated in most melanomas because of the oncogenic serine-
threonine protein kinase B-RAF (BRAF) mutations.
Inhibiting MAPK pathway shows therapeutic benefit in
melanoma treatment.”>* Thus, we hypothesized that the
antitumor effects of FDMSCs were mediated by paracrine
manner through PI3K/AKT and MAPK signaling pathways.
Our studies revealed that CM-FDMSC inhibits A375 cell
behaviors associated with tumor formation in vivo and
in vitro. Our data supports a model wherein biologically
active factors present in CM-FDMSC inhibit PI3K/AKT
and MAPK signaling to promote apoptosis of A375 mela-
noma cells and suggests that FDMSC-derived paracrine
factors could lead to novel therapeutic approaches for
melanoma.

Methods and materials
Cell culture and preparation of
conditioned media from FDMSCs

Our research was conducted in accordance with the
Declaration of Helsinki. All of the patients or their guardians

provided written informed consent, and we received the
ethical approval of the Ethics Committee of the Second
Hospital of Shandong University, Jinan, China, in fetal skin
isolation. The ethics certificate was issued on 1st June, 2017
is KYLL-2018(LW)-006.
FDMSCs were extracted from the dorsal skin of fetal sam-

and the certificate number

ples obtained from the Second Hospital of Shandong
University and identified as described in our previous
study.”® A375 melanoma cells lines were obtained from
American Type Culture Collection and were verified by
short tandem repeats analysis. FDMSCs and A375 mela-
noma cells lines were cultured in “complete medium” con-
sisting of DMEM/Ham’s F-12 50/50 (F-12 50/50 Mix) with
L-glutamine and 15 mM 4-(2-hydroxyethyl)-1-piperazi-
neethanesulfonic acid (Corning, USA), containing 10%
FBS (Gibco, USA) and 1% 100 U/mLpenicillin-streptom
ycin (Gibco, USA). Cells were maintained in 100 mm culture
dishes (Corning, USA) at 37°C, 5% CO, in saturated humid-
ity conditions. When FDMSCs reached 80% confluence, the
media were changed to 5 mL serum-free DMEM/F-12
(serum-free medium containing 1% 100 U/mL penicillin-
streptomycin, SFM), with the media harvested after 48 hrs
of incubation and filtered through a 0.45 um MILLEX-HP
syringe filter (Millipore, USA) to generate 1x concentration
of FDMSC conditioned medium (CM-FDMSC). To generate
0.5x CM, 1x CM was diluted 1:1 with fresh SFM; to gen-
erate 2x CM, 1x CM was concentrated with Amicon® Ultra-
15 10K Centrifugal Filter Devices (Millipore, USA) rotated
at 2000 (xg) for approximately 4 mins.

Animal assay

Studies were performed in 4-6-week-old female BALB/c
nude mice, with a total of 24 mice divided randomly into 4
treatment groups of 6 each. To evaluate the antitumor
effects in tumor nude mice model, 1x10” A375 melanoma
cells were suspended in 200 pL of different concentrations
of CM-FDMSC (control SFM, 0.5x CM, 1x CM, 2x CM)
and injected into the right dorsal flank. Tumor volumes
were recorded every 3 days with calipers, and tumor
volumes (in mm®) were calculated using the formula
V=lengthxwidth?/2. On the 17th day, mice were eutha-
nized, and tumors were excised, weighed, and collected
for histopathological examination by H&E and immuno-
histochemistry (IHC). In THC, anti-KI-67 (abcam cat. no.
ab15580, 1:500, rabbit), anti-Collagen IV (ZSGB-bio cat.
no. ZM-0081, 1:200, mouse), and anti-Fibronectin (ZSGB-
bio, cat. no. ZA-0106, 1:200, rabbit) primary antibody
were used. Animal experiments were approved by the
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Ethics Committee of the Second Hospital of Shandong
University. Our animal experiments were conducted in
accordance with the recommendations of the United
Kingdom Co-ordinating Committee on Cancer Research
1998.

Cell viability assay

To determine the effect of different concentrations of CM-
FDMSC, 2x10° A375 melanoma cells per well were
seeded in 96-well plates and cultured in SFM for 24 hrs,
after which media were changed to CM-FDMSC (0.5x%,
1x, 2x) or control (SFM) media and incubated for an
additional 48 hrs. The proportion of viable cells was
evaluated using a Cell Counting Kit (CCK)-8 assay
(Beyotime; Shanghai, China) according to the manufac-
turer’s protocol. Briefly, 20 uL CCK-8 solution was added
to each well and incubated for 3 hrs at 37°C. The absor-
bance of each well (containing six auxiliary holes) was
measured in 450 nm wavelength using the Victor spectro-
photometer (Thermo Fisher Scientific, USA) in three inde-
pendent experiments.

5-Ethynyl-2'-deoxyuridine (Edu) assay

EdU incorporation was performed using the BeyoClick™
EdU Cell Proliferation Kit with Alexa Fluor 488 (Beyotime;
Shanghai, China) according to the manufacturer’s
protocol. CM-FDMSC-treated and control (SFM)-treated
cells (1x10%well) were seeded in 6-well plates (Corning,
USA) for 48 hrs and then incubated with the same volume
of EdU solution for 2 hrs at 37°C. Cells were fixed with 4%
paraformaldehyde for 15 mins, permeabilized with 0.3%
TritonX-100 for 15 mins, and incubated with 500 pL of
click-reactive solution for 30 mins. All nuclei were counter-
stained with Hoechst 33342. Hoechst-positive nuclei were
counted, scored for EdU staining, and the percentage of
EdU-positive/Hoechst-positive nuclei CM-FDMSC calcu-
lated in at least three independent experiments.

Flow cytometry analysis

In dose-dependent apoptosis assay, A375 melanoma cells
were treated with different concentrations of CM-FDMSC
or control medium for 48 hrs, harvested, washed twice
with PBS, and then treated using Annexin V-fluorescein
isothiocyanate (FITC)/propidium iodide (PI) flow cyto-
metric assay kit (Invitrogen, USA) following the manufac-
More than 1.0x10°
detected. In time-dependent apoptosis assay, cells were
treated by 2xCM for 0, 12, 24, 48, and 72 hrs.

turer’s instructions. cells were

TUNEL assay

A375 melanoma cells were treated with different concen-
trations of CM-FDMSC or control serum-free medium for
48 hrs and then incubated with TUNEL detecting solution
(Beyotime; Shanghai, China) for 1 hr at 37°C. Nuclei were
counterstained by DAPI. The proportion of apoptotic cell
death was evaluated by calculating the percentage of
DAPI-positive cells that were TUNEL-positive in five
random fields in more than three independent experiments.

Wound healing

For the wound healing assay, A375 melanoma cells were
cultured in 60-mm plates until confluent, and then each
monolayer was scratched with a 200 pL pipette tip to
create a mechanical wound. The cells were cultured in
different concentrations of CM-FDMSC for 48 hrs. Bright-
field images were captured using an inverted microscope
(Nikon, Japan) equipped with Camera and NIS-Elements
software (Nikon, Japan).

Transwell invasion assay

The upper chamber of transwells (8 um pore size poly-
carbonate membrane, Corning Costar, USA) was coated
with 50 pL Matrigel matrix (BD, Franklin Lakes, NJ,
USA, 1:3 diluted with serum-frcre DMEM medium).
A375 melanoma cells were suspended (5x10° cells/mL)
in different concentrations of CM-FDMSC or control med-
ium, with 200 puL of the suspension was added into the
upper transwell chamber and complete medium (800 pL)
was added to the lower chamber. After incubation for 14
hrs, cells were fixed with 4% paraformaldehyde, stained
with crystal violet (Beyotime; Shanghai, China), and cells
on the lower surface of the membrane were counted using
a microscope at 200x magnification in different areas in
three independent repeated experiments.

Western blotting assay

Western blotting was performed following standard proto-
cols. Briefly, after CM-FDMSC treatment, A375 mela-
noma cells were lysed with protease and phosphatase
inhibitors and total proteins were extracted using RIPA
lysis buffer on ice. Proteins were boiled for 3 mins and
separated on a 12% polyacrylamide gel. Protein expression
and phosphorylation were monitored with specific antibo-
dies and chemiluminescent
Substrate (Millipore, USA),
(Carestream, China). The images were quantified using

horseradish  peroxidase

and imaged with film
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Image J. Primary antibodies used in this study were as
follows: anti p-PI3K p55/p85 (Cell Signaling Technology,
cat. no. 4228, 1:1000, rabbit), anti- PI3K p85 (Cell
Signaling Technology, cat. no. 4292, 1:1000, rabbit), anti
p-AKT, (Cell Signaling Technology, cat. no. 4060, 1:1000,
rabbit), anti-AKT (Cell Signaling Technology, cat. no.
9272, 1:1000, rabbit), anti p-p44/42 MAPK (Erkl/2)
(Cell Signaling Technology, cat. no. 4370, 1:1000, rabbit),
anti-p44/42 MAPK (Erk1/2) (Cell Signaling Technology,
cat. no. 4695, 1:1000, rabbit), anti-BCL-2 (Cell Signaling
Technology, cat. no. 2876, 1:1000, mouse), anti-BAX
(Cell Signaling Technology, cat. no. 2772, 1:1000, rabbit)
and anti-GAPDH (ZSGB-bio, cat. no. TAO08, 1:1000,
mouse). Secondary antibodies used were, Goat anti-
mouse (ZSGB-bio, cat. no. ZB2305, 1:5000) and Goat
anti-rabbit (ZSGB-bio, cat. no. ZB2301, 1:5000).

Statistical analysis

For each assay, data for each treatment condition were
averaged from three or more independent experiments,
and the mean and SD calculated. Student’s #-test was
used for single comparisons. Time-course and multi-
group analyses were performed using ANOVA. Tukey’s
post hoc test was used to detect differences between
groups. P-value <0.05 was considered as statistically sig-
nificant. GraphPad Prism 5 and SPSS 11.5 software were
used for graphs and statistical analysis.

Results
CM-FDMSC inhibits melanoma tumor

growth in nude mouse

To detect the antitumor activity of CM-FDMSC, we used
a melanoma mouse model, in which A375 melanoma cells
were injected subcutaneously. The tumor volumes were con-
tinuously observed every 3 days and on day 17, tumors were
harvested and weighted, respectively (Figure 1A and B).
Tumor volumes and weight showed a dose-dependent decrease
in CM-treated groups compared to control (Figure 1C and D).
H&E and IHC staining of tumors showed histological differ-
ences among groups (Figures 1E and 2A—C). Qualitatively, in
the control group, there were more tumor cells (containing
more blue nuclei) with higher proliferative rate (containing
more Ki67 positive cells), less connective tissues (lower col-
lagen IV and fibronectin expression), and the tumor capsules
were thin (indicated by the black arrows). With increasing
concentrations of CM-FDMSC, the quantity and density of
tumor cells decreased, as well as Ki67-positive cells. In

addition, the tumor connective tissues became abundant, as
shown in the IHC of collagen IV and fibronectin, and the
thickness of tumor capsules increased. In 2x CM, a distinct
tissue boundary formed (indicated by the black arrows).
Collectively, these results demonstrated that CM-FDMSC
inhibited tumor growth by A375 cells.

CM-FDMSC inhibits the viability of A375

melanoma cells

We measured the viability and proliferation of A375 mel-
anoma cells in vitro using CCK-8 kit and EdU incorpora-
tion, respectively, to examine if CM-FDMSC can affect
tumor cells vitro. There was a dose-dependent decrease in
A375 melanoma cell viability with increasing concentra-
tions of CM-FDMSC, as evidenced by changes in Ayso
absorbance by the formazan dye (Figure 3A). Despite the
reduction in cell viability and the visible reduction in the
density of Hoechst-positive nuclei in CM-FDMSC-treated
A375 melanoma cells (Figure 3B), there were no signifi-
cant differences in the percent of cells incorporating EdU
across treatment groups (Figure 3C). The results demon-
strated that the inhibitory effect of CM-FDMSC was attri-
butable to effects on cell viability rather than cell
proliferation.

CM-FDMSC induces the apoptosis of

A375 melanoma cells

To test whether apoptosis contributed to reduced viability
of CM-FDMSC-treated A375 cells, TUNEL and Annexin
V-FITC/PI binding assays were performed. The percentage
of A375 melanoma cells that were TUNEL/DAPI double
positive increased significantly with increasing concentra-
tions of CM-FDMSC (Figure 4A and C). Likewise,
Annexin V-FITC/PI binding
with CM-FDMSC treatment
dependent manner as measured by flow cytometry
(Figures 4B, D, and 5A, B). Thus, CM-FDMSC reduces
the viability of A375 melanoma cells by inducing apopto-

increased  significantly

in a dose- and time-

sis, rather than reducing proliferation.

CM-FDMSC inhibits migration and

invasion of A375 melanoma cells

Another aspect of tumorigenicity is the ability of cells to
migrate and metastasize. Therefore, monolayer wound
healing assays were performed to examine whether CM-
FDMSC could affect the migration capacity of A375 mel-
anoma cells (Figure 6A). After 48 hrs of CM-FDMSC
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Figure I CM-FDMSC inhibits tumor development in xenografts. (A) Images of tumors present in nude mice at 17 days following co-injection of A375 cells diluted in
different concentrations of CM-FDMSC (0.5% CM, |x CM, 2x CM) or control medium (Con). (B)Tumors excised at day |7 from nude mice injected with A375 cells in
control medium or CM-FDMSC. (C) Growth curves of tumors showing average volume of 6 tumors in each group over 5 —17 days. (D) Bar graph showing mean tumor
weights on the |7th day across treatments. (E) Hematoxylin-eosin staining showing representative tumor histopathology in different treatment groups. Scale bars =100 pm.

Data were expressed as means + SD (n=6, each group). ***, P<0.001. **P<0.01 vs control group. All experiments were performed independently at least three times.
Abbreviations: CM, conditioned media; CON, control.

treatment, A375 melanoma cell migration was markedly invasion assays (Figure 7A). We found that pretreatment
reduced in a dose-dependent manner (Figure 6A and B). with CM-FDMSC significantly inhibited the invasive
We next examined the effect of CM-FDMSC on the inva-  capacity of the A375 melanoma cells in a dose-
sive capabilities of A375 melanoma cells using transwell ~ dependent manner as evidenced by the reduction in the
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Figure 2 The effects of CM-FDMSC on tumor immunohistochemical characteristics. (A) IHC staining of Ki6é7 in tumors in different treatment groups. (B) IHC staining of
collagen IV in tumors in different treatment groups. (C) IHC staining of fibronectin in tumors in different treatment groups. Scale bars =100 pm. All experiments were

performed independently at least three times.

Abbreviations: CM, conditioned media; CON, control; IHC, immunohistochemistry.

number of cells present on the lower surface of the mem-
branes compared to controls (Figure 7B). Taken together,
our results suggested that CM-FDMSC inhibited both the
migration and invasion capacity of A375 melanoma cells.

The PI3K/AKT pathway, MAPK pathway,
and mitochondria-mediated internal
apoptosis pathway are regulated in A375

melanoma cells

The PI3K/AKT signaling is considered an important pathway
in tumorigenesis, and the MAPK pathway is activated in most
melanomas. To further find the underlying mechanism of
apoptosis-promoting effect and determine whether the antitu-
mor effect of CM-FDMSC is associated with altered PI3K/
AKT and MAPK signaling, the expression of BAX, BCL-2,
PI3K, AKT, and ERK and the phosphorylation of PI3K, AKT,
ERK (Figure 8A—C) were observed by Western blot. CM-
FDMSC induced significant increases in expression of the
proapoptotic protein BAX and significant decreases in

expression of the anti-apoptotic protein BCL-2 (Figure 8D
and E), consistent with activation of the mitochondria-
mediated internal apoptosis pathway. It is well known that
the ratio of BCL-2/BAX is a significant indication of cell
apoptosis.”>?® Thus, the dose-dependent decrease in the
BCL-2/BAX ratio and increase in both TUNEL and
Annexin staining of A375 melanoma cells with increasing
concentrations of CM-FDMSC are consistent with induction
of apoptosis. In addition, the phosphorylation of PI3K, AKT,
and ERK decreased with increasing concentrations of CM-
FDMSC (Figure 8F-H), although total PI3K, AKT, and ERK
levels were not significantly different between groups. Thus,
the decrease in the p-PI3K/PI3K, p-AKT/AKT, and p-ERK/
ERK ratios with increasing concentrations of CM-
FDMSC indicates inhibition of PI3K/AKT and MAPK
signaling.

Discussion
Stem cell therapy has emerged as a promising strategy to
prolong survival time and improve the treatment efficiency
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Figure 3 The effects of CM-FDMSC on A375 melanoma cell viability and proliferation. A375 cells were assayed for (A) cell viability and (B) EdU incorporation after CM or
control medium treatment for 48 hrs. (A) Bar graph showing mean absorbance (A4sg)  standard deviation across conditions. (B) Photomicrographs showing nuclear
morphology in treated cells stained for EdU (green) and Hoechst (blue). Scale bars =100 pm. (C) Bar graph showing percentage of A375 nuclei double labeled for EdU and

Hoechst across treatment conditions. **¥, P<0.001. “NS”, no significance.

Abbreviations: CM, conditioned media; CON, control; EdU, 5-ethynyl-2'-deoxyuridine.

of patients with cancer compared to some traditional thera-
pies. Previously, our team demonstrated that FDMSCs
could accelerate apoptosis of keloid fibroblasts through
regulating BCL-2 and BAX expression levels, providing
a novel treatment therapy for keloid.*® Furthermore,
another report revealed that human fetal bone marrow-

derived MSCs could inhibit cell proliferation on hepato-
cellular carcinoma cells through reduced activation of
(IGF)-1R/PI3K/AKT
signaling.'” Interestingly, skin MSCs were eventually

insulin-like growth factor
shown to be derived from melanocyte precursors.?’ Thus,

we hypothesized that human FDMSCs would also exert
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Figure 4 CM-FDMSC induces the apoptosis of A375 melanoma cells. Markers of apoptosis were detected in A375 cells after CM or control medium treatment for 48 hrs
by (A) TUNEL staining and (B) Annexin binding. (A) Photomicrographs showing nuclear morphology of A375 cells labeled for TUNEL (green) and counterstained with DAPI
(blue). (B) Representative plots of flow cytometry analysis of Annexin V-FITC and PI-stained A375 melanoma cells. Double-labeled, apoptotic cells in quadrant Q2 increase
with increasing concentrations of CM-FDMSC. (C) Bar graphs showing mean percent of DAPI-stained A375 nuclei that were TUNEL-positive following treatment with
different concentrations of CM-FDMSC. (D) Bar graphs showing mean percent of Pl-stained A375 nuclei that were Annexin V-FITC positive. Scale bars =100 pm. ***,
P<0.001. **, P<0.01.

Abbreviations: CM, conditioned media; CON, control; TUNEL, TdT-mediated dUTP Nick-End Labeling; DAPI, 4',6-diamidino-2-phenylindole; FITC, fluorescein isothio-
cyanate; Pl, propidium iodide.

antitumor effects on A375 melanoma cells, because of
their lineage relationships with adult MSCs. Our previous
studies confirmed that FDMSCs could accelerate the apop-
tosis of keloid fibroblasts through in a paracrine way,
without direct cell contact.'®*® The results of the current
study support our hypothesis and show that CM-FDMSC
inhibits the bioactivity of A375 melanoma cells and has
antitumor effects in vivo and in vitro.

CM-FDMSC contains factors that reduce various
aspects of tumorigenicity of A375 melanoma cells. We
confirmed that CM-FDMSC inhibits A375 melanoma cell
expansion by inducing apoptosis of A375 melanoma cells,
rather than inhibiting the proliferation, consistent with pre-
vious reports.?” In addition, migration and invasion abilities
of A375 melanoma cells were suppressed by CM-FDMSC
in both the monolayer wound healing and transwell
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Figure 5 CM-FDMSC induces the apoptosis of A375 melanoma cells in a time-dependent manner. The apoptosis markers of A375 cells in 0, 12, 24 48, and 72 hrs of
treatment by 2x CM were detected by Annexin V. (A) Representative plots of flow cytometry analysis of Annexin V-FITC and Pl-stained A375 melanoma cells. Apoptotic
cells increased with increasing time of CM-FDMSC treatment. (B) Bar graphs showing the apoptosis rate of A375 cells at different time points. Data in (B) is expressed as

means * SD. ** P<0.001.

Abbreviations: CM, conditioned media; CON, control; FITC, fluorescein isothiocyanate; Pl, propidium iodide; h, hour.

invasion assays and again were consistent with previous
reports.*” In contrast, conditioned media from bone marrow
MSCs significantly promoted the progression of head and
neck cancer progression by enhancing cell proliferation and
migration, and activation of the PI3K/AKT/mTOR signal-
ing pathway.>' Thus, the antitumoror pro-tumor effects of
MSCs derived factors in CM-FDMSC are likely to depend
on many factors, such as the cellular origin of the MSCs, the
dose of MSC exposure, the tumor cell characteristics, and
the specific microenvironment.

FDMSCs can express and secrete a set of biologically
functional chemokines and tumor-suppressing agents, and

a large body of studies focused on the specific components
in CM-FDMSC that actually active in tumor inhibition. The
candidate molecules are interferon-beta, tumor necrosis factor
alpha, TGF-B1, and other immunomodulatory factors altering
the tumor microenvironment and immune state.’*>* Studies
also identified that Dickkopf-1 (DKK-1) secreted by MSCs
can inhibit cancer cell growth and proliferation by negatively
regulating  Wingless/Integrated (WNT) signaling.’>*® In
a recent report, the results showed that the anti-proliferative
factor in human fetal MSCs to inhibit liver cancer growth may
be a direct effect of proteolysis of IGF-binding protein-3."
Therefore, the antitumor effect of CM-FDMSC may be caused
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Figure 6 CM-FDMSC inhibits migration of A375 melanoma cells. Cell migration of A375 cells after CM or control medium treatment for 48 hrs was determined by wound
healing assay. (A) Photomicrographs showing representative of A375 monolayers at 0 hrs and 48 hrs following mechanical scrape. (B) Bar graphs showing mean percent

closure of the wound with different. Scale bars =100 pym. *** P<0.001.
Abbrevations: CM, conditioned media; CON, control.

by a combination effect of different molecular targeting dif-
ferent pathways. The precise mode of these candidate mole-
cules exerting the inhibitor effect will require further
investigations.

In our study, we also investigated the mechanism of CM-
FDMSC-induced apoptosis of A375 melanoma cells at the
protein level. BAX and BCL-2 are important markers for the
mitochondria-mediate apoptotic pathway. Meanwhile, BAX
and BCL-2 are downstream molecules of PI3K/AKT signal-
ing pathway. In A375 melanoma cells, expression of BAX
was up-regulated and expression of BCL-2 was down-
regulated after treatment with CM-FDMSC. The down-
regulation of PI3K, AKT, and ERK activity may lead to
cell cycle arrest and cell apoptosis. We further showed that
phosphorylation of PI3K, AKT, and ERK was decreased
in CM-FDMSC-treated A375 melanoma cells, compared
with the control groups. Our findings are in agreement with

a previous study showing that relevant MSCs inhibit
Kaposi’s sarcoma by a neutralizing antibody against
of PI3K-AKT
signaling.’” In the research by Han, umbilical cord tissue-

E-cadherin  through down-regulation
derived MSCs were shown to inhibit tumor growth in co-
culture condition, via activation of JNK and downregulation
of PI3K/Akt and ERK signaling.*® Thus, our results can
explain the effects of CM-FDMSC in A375 melanoma
cells, such as apoptosis, migration, and invasion.

Fetal MSCs are considered as the new source of MSCs
with great potential, and the advantages of fetal MSCs have
been well documented that they are lower immunogenicity,
easier expansion in vitro, and higher proliferation potential
and differentiation capability compared to adult MSCs
derived from adipose.'”” Human umbilical cord blood is
also a typical source of MSCs, but the successful isolating
rate was much lower than bone marrow, umbilical cord, and
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Figure 7 CM-FDMSC inhibits invasion of A375 melanoma cells. Transwell migration assays were used to measure cell invasion in A375 cells after CM or control medium
treatment for 48 hrs. (A) Photomicrographs showing crystal violet stained cells present on the lower membrane of the transwell. (B) Bar graph showing mean number of
A375 cells present on the lower membrane following 48 hrs. Scale bars =100 pm. *¥*, P<0.001.

Abbrevations: CM, conditioned media; CON, control.

adipose tissue.’* ** FDMSCs are relatively new players in
cancer research and are showing potential for developing
safe and effective clinical applications.** Furthermore,
FDMSCs be by
T lymphocytes in cell transplantation, and they can maintain

cannot recognized as targets
the differentiation potential up to passage 25.** Moreover,
owing to the histological origin, FDMSCs may have some
special advantages in wound healing and skin-origin dis-

ease, and FDMSCs are considered as the main effector cells

in fetal skin scarless wound healing.**® Therefore,
FDMSCs may be an ideal source for cell therapy.
Conditioned media are a combination of cell paracrine
factors. FDMSCs are high secretive capacity cells, and
their functional roles are mostly depending on the paracrine
factors in CM. The secretion profile in CM of FDMSCs is
different from various tissues and reflects the unique advan-
tages, cell biological characteristics, and intrinsic properties
listed above. This study demonstrated the critical role
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Figure 8 The PI3K/AKT, MAKP pathways, and mitochondria-mediated internal apoptosis pathway are regulated in A375 cells after CM or control medium treatment for 48
hrs of Western blot analysis of A375 cells. (A) Representative immunoblots stained using antibodies against (A) BCL-2, BAX, (B) p-AKT, total AKT, p-PI3K, total PI3K (C)
p-ERK, total ERK. (D—H) Bar graphs showing quantitative analysis of Western blot analysis. ***, P<0.001. **, P<0.01.

Abbreviations: CM, conditioned media; CON, control; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; BCL-2, B-cell lymphoma-2; BAX, Bcl-2-Associated X; AKT,
protein kinase B; PI3K, phosphatidylinositol 3-kinase; ERK, extracellular signal-regulated kinase.

of CM-FDMSC in A375 melanoma cells. Although we
found the inhibition of PI3K/AKT and MAPK signaling
may explain, at least in part, the inhibitory effects of
FDMSCs on A375 melanoma cells, previous studies
showed that a variety of signaling pathways were involved
in A375 tumorigenicity, including Wnt/B-catenin signaling
pathway, and nuclear factor-kappa B signaling pathway.*”*®
In addition, the components in conditioned media are extre-
mely complex, including growth factors, cytokines, extra-
cellular vesicles, and other soluble molecules. Further

investigations are required to explore the interactions
between MSCs and cancer microenvironment. Also, the
differences between CM of varied cells are in need of
further investigation. Hence, the underlying mechanisms
of CM-FDMSC antitumor effect require further investiga-
tion to isolate and characterize the active components
secreted by FDMSCs and to extend our in vivo and
in vitro findings to other melanoma cell lines, such as SK-
Mel-28, WM-115, and MV3, and to primary melanomas.
Ultimately, this research offers an exciting research
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direction with potential applications in developing novel
clinical applications for treating melanoma.

Conclusion

In conclusion, our studies showed that CM-FDMSC can inhi-
bit the tumor activity of A375 melanoma cells by suppressing
the tumor formation in vivo, cell viability, migration, and
invasion, and induces apoptosis of A375 melanoma cells
in vitro in a dose- and time-dependent manner. The results
showed that phosphorylation of PI3K, AKT, and ERK was
decreased in A375 melanoma cells after different concentra-
tions of CM-FDMSC treatment suggesting that the antitumor
effects of CM-FDMSC on A375 melanoma cells may act, at
least in part, through regulating PI3K/AKT and MAPK signal-
ing pathways. Our studies highlight a promising treatment
strategy for malignant melanoma.
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