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Introduction

Wounds of skin often heal with scar formation. Generally,
adverse scar (keloid or hypertrophic scar) formation is
characterized with negative cosmetic and psychological
effects. Various therapeutic approaches have been studied
for keloid and hypertrophic scar, which include occlusive
dressings, local injection, surgical excision, etc. [1-6].
Some identified genetic, systemic, and local factors make
contributions to the pathogenesis of keloid and hypertro-
phic scar [7-10]. And local mechanical forces also play a
significant role in the formation of adverse scar [11, 12].
Previous studies demonstrate that epithelial-mesenchymal
transition (EMT) and myofibroblast transition plays an im-
portant role in aberrant scar formation, which can be in-
duced by a regulatory network formed by multiple signal-
ing pathways, especially transforming growth factor beta 1
(TGF-B1) as a critical driver [13—16]. Similarly, TGF-{31-
induced EMT can also be meditated by other signaling
pathways through direct interactions or transcription
[17-19]. Notch signaling, an evolutionarily conserved
pathway that regulates multiple cellular process, was
proved to play a key role in regulating fibroblast activation
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and EMT [20, 21]. And interestingly, a great body of evi-
dence supports that TGF-3 and Notch signaling regulate
EMT and fibrogenesis cooperatively [22-24]. However,
understanding into the keloid and hypertrophic scar patho-
genesis is still lacking, which contributes to less proper
treatment strategies. As lately studies show that formation
of these abnormal scars share several pathological process-
es with other fibrotic diseases, and may occur as a result of
fibroproliferative disorder [10, 25]. And increasing evi-
dence indicates that mesenchymal stem cells (MSCs) has
been a potential treatment for fibroproliferative disorder by
recruitment of macrophage and T cell, upregulation of vas-
cular endothelial growth factors and initiation of angiogen-
esis, secretion of anti-fibrotic factors, promotion of dermal
fibroblast functions, and differentiation into cutaneous cell
types [26-29].

Among the MSCs, adipose-derived mesenchymal stem
cells (ADSCs) with advantages of abundant in source of
tissue, easy to harvest, minimal donor site injury, and fine
histocompatibility has drawn attention from scientists.
Recently, evidence support that use of ADSCs can remod-
el fibrotic matrix in a scar, as well as reduce the prolifer-
ation, extra cellular matrix (ECM) production, and con-
traction of myofibroblasts. Also, levels of profibrotic fac-
tor TGF-31 decreased while pro-angiogenic factors vas-
cular endothelial growth factor (VEGF) increased
[30-33]. Together, we surmise that growth factors and
cytokines of AMSC have the potential to prevent or even
to reverse fibrosis. Yet the mechanisms of how AMSCs
work in treatment of fibrosis have not been thoroughly
investigated.

Photobiomodulation therapy (PBMT), used to be
known as low level laser treatment (LLLT), or low level
light treatment (LLLT) is considered as a laser or light
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with low power and energy, when act on tissues, which
can induce positive photobiological processes in cells
compared to the same light delivered at high doses [34,
35]. At molecular and cellular level, photons emitted by
PBMT devices are absorbed by mitochondria, and then
the production of ATP is elevated, yet levels of ROS re-
mains low, which paly a pivotal role in activation of tran-
scription factors, to produce a number of gene transcript
products responsible for the positive effects of PBMT
[36]. Given that laser biostimulation theory, PBMT was
used in many kinds of cells to investigate its influence on
cell proliferation and differentiation. Among those cells,
AMSCs and other kinds of mesenchymal stem cells have
been frequently investigated [37—40]. Studies have shown
that PBMT might generate stimulatory benefits of
ADSCs, such as regulating cell secretion, promoting cells
proliferation, differentiation and migration, enhancing im-
munological functions, and, therefore accelerating tissue
repairing [41-45]. However, the parameters of lasers used
in previous studies have varied, and various effects have
been observed when differing type, wavelength, energy
density, and power were applied. Recent evidence has
suggested that AMSCs exposed to PBMT at 5 J/cm?
caused pronounced cell proliferation and secretion [41,
46, 47]. Therefore, we speculate that PBMT could en-
hance AMSCs’ treatment potential for fibrotic scar.

Therefore, in this study, we analyzed the key proteins
concerned TGF-3 and Notch signaling in vitro, to test the
effects of conditioned medium gathered from post-PBMT
AMSCs (PBMT-AMSCs-CM) on the fibrotic phenotypes
associated with hypertrophic scar fibroblasts (HSFs) and
keloid fibroblasts (KFs). The outcomes demonstrated that
PBMT-AMSCs-CM inhibited cell proliferation and down-
regulation of the profibrotic growth factor and collagen
synthesis associated with HSFs and KFs, especially KFs.
Based on our current results, we presume that the
inhibiting effect is related to downregulating TGF-f31
and Notch-1 expression.

Materials and methods
Patients and tissue samples

Keloid tissue samples (KD, n = 14), hypertrophic scar tis-
sues (HS, n=7), normal skin tissues(NS, n=15), and
established fibroblast cell cultures (passage0 to passage4)
from the same samples were used in this study. Keloid
samples were obtained from individuals who were all
consented prior to the surgical procedure, and so were
normal skin samples and fat tissue samples from plastic
and reconstructive surgery (Supplementary Tab. 1). All
the tissues were collected in formalin, Dulbecco’s
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modified Eagle’s medium (DMEM, Hyclone, USA), and
primary fibroblasts were established as described previ-
ously [48].

Isolation and culture of cells

Primary passages of cells from the samples described before
were established respectively. After removing subcutaneous
tissue, samples were sectioned into small pieces in aseptic
culture dish. Then they were digested by collagenase type I
(Sigma, USA) in Dulbecco’s modified Eagle’s medium
(DMEM, Hyclone, UT, USA) for an hour prior to centrifuga-
tion. After that, fibroblasts could be collected, then seeded to
culture dishes, and allowed to adhere and proliferate in a hu-
midified incubator with 5% CO, at 37 °C (Thermo Scientific,
USA). DMEM was supplemented with 10% fetal bovine se-
rum (FBS, Hyclone, UT, USA) and antibiotics (100 U/ml
penicillin and 100 pg/ml streptomycin, Gibco, USA). Each
cell population was maintained until confluence, and then
trypsinized for seeding. After three or four passages, fibro-
blasts were used for experiments. Human adipose tissue was
obtained from liposuction procedures. Briefly, the lipoaspirate
was digested with 0.075% collagenase type I (Sigma, USA)
under gentle agitation at 37 °C for 60 min, then centrifuged at
1000 rpm for 10 min to obtain the stromal cell fraction. The
pellet was suspended with mesenchymal stem cell medium
(Sciencell, USA), then seeded to culture dishes and allowed
to adhere and proliferate in a humidified incubator with 5%
CO, at 37 °C (Thermo Scientific, USA). At 80-90%
confluency, AMSCs were trypsinized for seeding. Only pas-
sage 3 hAMSCs were used for this study.

Preparation of conditioned medium

The hAMSCs at passage 3 were grown to 80% confluence
in DMEM supplemented with 10%FBS, and then incubat-
ed with DMEM (without FBS) for 12, 24, and 48 h to
collected 12-h-conditioned medium (12 h-CM), 24-h-
conditioned medium (24 h-CM), and 48-h-conditioned
medium (48 h-CM) separately as positive controls. The
12 h PBMT-AMSCs-CM (12 h-PBMT-CM), 24 h
PBMT-AMSCs-CM (24 h-PBMT-CM), and 48 h LLLT-
AMSCs-CM (48 h-PBMT-CM) was collected as previous-
ly described but with laser irradiation (HairMax
LaserComb®, Lexington International, LLC, Boca
Raton, Florida) at 12-h intervals. The total surface of the
culture dishes was irradiated for 152 s each time; the
energy density of the laser was 4 J/cm®. The dual model
device emitted florida 6 laser beams (beam diameter <
5 mm) at a wavelength of 655 nm (x5%) and 6 laser
beams at a wavelength of 635 nm. The conditioned me-
dium was reserved at — 80 °C until required, then thawed
overnight (4 °C), and subsequently standardization of the
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pH and osmolality before use in the study. The DMEM
without AMSCs cultured in incubator for 12, 24, and 48 h
separately was used as negative control-conditioned me-
dia (Contolr-CM).

Treatment of target fibroblasts with gathered
conditioned medium.

Passage 3 or 4 of keloid fibroblasts (KFs), normal skin
fibroblasts (NFs), and hypertrophic scar fibroblasts
(HSFs) were cultured with prepared conditioned media
separately. All dishes were subjected to separate analyses
after 24 h, including cell proliferation (Cell Counting Kit
8, CCK-8 assay) and cytotoxicity (LDH) assays, cell cy-
cle behavior (flow cytometry), cell scratch wound-healing
assay, collagen I synthesis (hydroxyproline content detec-
tion), protein expression (immunofluorescene staining,
immunohistochemistry, and Western blotting), and gene
expression profiles (real-time PCR).

Cell proliferation (CCK-8), cell apoptosis(MUSE),
and cytotoxicity (LDH) assays

Fibroblast cells (KFs, HSFs, and NFs at a density of
2000cells/well) were seeded in 96-well plates with DMEM
for 24 h, and then treated with vehicle control (N-CM), and
prepared CM separately. In addition, 24 h post-treatment LDH
(Dojindo, Japan), CCK-8 (Dojindo, Japan), cell apoptosis
(MCH100105, Millipore, Germany) assays were performed
according to the manufacture’s introductions.

Scratch wound-healing assay

Fibroblasts were seeded in 6-well plates at a density of
50,000 cells/well and culture with complete medium until
confluent. Washing with 0.01 M PBS for three times to
remove the cell debris. And after 24 h of starvation
(DMEM), cells were subjected to a straight scratch induced
by a 200 ul pipette tip. Then washing with 0.01 M PBS for
three times to remove the cell debris, and treated the cells
with vehicle or CM described as before. Graphs of cell
migrated to the injury area were taken at 0 and 24 h
(Olympus BX5, Japan).

Hydroxyproline content detection

The in-cell hydroxyproline content was detected using a
hydroxyproline alkali hydrolysis kit (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China). In brief, 24 h
post treatments, culture medium was collected and dis-
posed against manufacture’s specifications, test reagents
were added to the processed samples, and the vehicles
and the standers in order separately. The absorbance of

the solution was measured at a wavelength of 550 nm,
and the levels of hydroxyproline (1g/ml) were calculated
by the given formula in the instructions.

RNA extraction, cDNA synthesis, and real-time PCR

Fibroblasts cultured in 6-well were treated with vehicles
and ADSCs-CMs for 24 h. Then total RNA from fibro-
blasts samples were lysed with TRIzol (Invitrogen), and
extracted according to the protocol. And 2 ug total RNA
was used for synthesizing complementary DNA (cDNA),
which is used for real-time PCR. Real-time PCR was per-
formed in triplicate on an ABI Prism 7300 Real-Time
PCR System (Applied Biosystems, California, America)
in 50 pL reaction mixtures. The reaction conditions were
polymerase activation at 95 °C for 5 min, 40 cycles of
denaturation at 95 °C for 15 s, and annealing and exten-
sion at 62 °C for 35 s. The relative quantification of gene
expression was normalized to the expression of endoge-
nous GAPDH. The primer sequences are described in
Supplementary Table 2.

Western blot

Briefly, proteins were extracted from cultured cells at 24 h
after the treatment for each group, and quantified using
the BCA Protein Assay Kit (Cat No. CW0014, CWBIO,
China). Equal amounts of protein were subjected to SDS-
PAGE and transferred to polyvinylidene fluoride (PVDF)
membranes. The primary antibodies (Supplementary
Table 3) used for the Western blot were 1:1000 (Abcam,
USA). All experiments were triplicated.

Immunofluorescene staining,

Cells were washed three times for 5 min each in 0.01 M
PBS and then were fixed with 4% paraformaldehyde at
room temperature for 15 min. After washing three times
for 5 min each in 0.01 M PBS, the cells were blocked
with 10% goat serum for 30 min and then incubation with
the anti-activated Notch-1 antibody (ab8925, Abcam,
1:100, USA), anti-TGF beta 1 antibody (ab27969,
Abcam, 1:200, USA), and anti-alpha smooth muscle actin
antibody (ab7817, Abcam, 1:100, USA) at 4 °C over-
night. This was followed by a 40-min incubation with
goat anti-rabbit (IgG Alexa Fluor-488, ab150077,
Abcam, 1:200, USA) and goat anti-mouse (IgG Alexa
Fluor-647, ab150115, Abcam, 1:200, USA) secondary an-
tibodies. After rinsing with PBS, nuclei were stained by
DAPI (Abcam, USA). Then the samples were observed
under a fluorescence microscope (Leica, Germany, 400—
800 nm).
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Immunohistochemistry

KD, HS, and NS tissues were fixed in 10% formalin and
dehydrated, and then sectioned for paraffin embedding.
For immunostaining, 4 pm paraffin sections were incubat-
ed in 3%H,0, diluted by methanol for 10 min, followed
by washing three times with 0.01 M PBS, and then boiled
in 0.01 M citric acid for 2 min. Sections were blocked
with 5% bovine serum albumin (BSA) and then incubated
with different primary antibodies at 4 °C overnight. After
washing the sections in 0.01 M PBS for three times, sec-
tions were incubated with secondary antibody for 40 min
at room temperature. Sections were detected by DAB kit
(ZSGB-bio Beijing, China).

Statistical analysis of data sets
Statistical comparisons between groups were performed using

ANOVA analysis by software (version 6.0c, Graphpad Prism).
P <0.05 was considered significant.
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Fig. 1 Immunoreactivity of TGF-f3, Notch-1, and «-SMA in keloid, hypertrophic scar, and normal skin tissue. Scale bar = 100 pm
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Hypertrophic scar

Results

Differential expression and localization of TGF-B1,
Notch1, and smooth muscle a-actin in tissue samples

Immunohistochemistry of tissue samples shows expression of
Notchl, TGF-1, and smooth muscle «-actin (x-SMA) in
dermal cells around small glands and microvessels, mostly
confined to the cell cytoplasm. Significantly, we noted high
levels of these specific antibodies in KD (n =22) compare to
that of HS (n = 18). However, in the NS (n = 7), these antibod-
ies were barely detected. Taken together, we concluded that
Notchl, TGF-31, and x-SMA were overexpressed in KD and
HS, especially KD (Fig. 1).

Hydroxyproline content and profibric genes expression
were attenuated by condition-media with or without low level
laser irradiation.

Hydroxyproline, as a major component of collagen,
content of it could predict amount of scar tissue by
reflecting collagen levels. As shown in Fig. 2, the hy-
droxyproline of KFs (Fig. 2a) and HFs (Fig. 2b) was
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Fig. 2 AMSCs-conditioned medium with or without PBMT-mediated
treatment attenuates the profibrotic phenotype of KFs and HSFs. a—¢
Cell culture supernatants were collected and tested for hydroxyproline
content (mean + SD, n = 3, *p < 0.05, compare to the control groups;
#p < 0.01, compare the 48h-PBMT-AMSCs-CM groups with the 12h-

significantly decreased after 24 h of incubation with
AMSCs condition-media with or without low level laser
irradiation in comparison with negative controls, and
48 h-AMSCs-PBMT-CMs treatment groups showed a sig-
nificant hydroxyproline reduction than that of 12 h-
PBMT-AMSCs-CMs. However, effect of CM on NFs is
minimal and with no statistical significance (Fig. 2c).
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control groups; **p < 0.01, compare the 48h-PBMT-AMSCs-CM
groups with the 12h-PBMT-AMSCs-CM)

To further determine the association between decrease of
hydroxyproline and downregulation of mRNA expression
of collagen, RT-PCR analysis was performed for detecting
mRNA expression levels of type I and III procollagen. As
compared to the vehicle controls, AMSCs-CMs treatment
lead to relatively lower expression levels of type I (Fig. 2d)
and III (Fig. 2e) procollagen mRNA in KFs and HSFs.
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Expression of profibric gene, such as CTGF (Fig. 21), fi-
bronectin (Fig. 2g), and «-SMA (Fig. 2h), followed the
same pattern as procollagen.

Taken together, these results suggest that conditioned
media of AMSCs have a function of inhibiting synthesis
of ECM in KFs and HSFs, such as collagen, CTGF, fibro-
nectin, and «x-SMA; in addition, PBMT mediation could
enhance this function, especially in 48 h-PBMT-ADSCs-
CMs treatment group.

PBMT-CM is more potent in inhibiting KFs, HSFs prolif-
eration, and migration without cytotoxicity and apoptosis.

After 24 h treatment with CMs, we test the cell prolif-
eration with CCK-8 assay. As shown in Fig. 3a, prolifer-
ation rates of KFs and HSFs decreased significantly
when incubated in PBMT-AMSCs-CM and AMSCs-CM
as compared with negative controlled medium-treated fi-
broblasts; however, no visible difference was detected
when NFs incubated with collected conditioned media.
And specifically, 48 h post treatment, inhibited prolifer-
ation rate of KFs and HSFs reach a maximum, and then
go down till 96 h; this may attribute to cell contact inhi-
bition mechanism. We then measured the effect of de-
scribed CMs on migration of KFs and HSFs. As results
shown in Fig. 3b—d, AMSCs-CM decreased mobility of
KFs and HSFs compared with control groups, especially
the 48 h-PBMT-ADSCs-CMs. To further investigate the
impact of CM described previously, LDH and Annexin

V/PI assay was applied; however, no clear difference was
detected in cytotoxity and apoptosis among the KFs and
HSFs after exposure to AMSC-CM with or without laser
irradiation (Fig. 4a, b).

Downregulation of key mRNAs expression in TGF-[31/
SMAD3 and Notch-1/JAG-1 signaling in ADSCs-CMs-
treatment group was enhanced by LLLT mediation.

Fibroblasts of keloid and hypertrophic scar that undergo
fibroproliferative disorder become more proliferative and mi-
gratory. And previous findings suggest that Notchl and
TGF-1 enhanced fibroblast activity in keloid, inducing
myfibroblast transition [20, 25]. Our results showed overex-
pression of Notchl, TGF-f31, and «-SMA in keloid and hy-
pertrophic scar by immunohistochemistry (Fig. 1); overex-
pression of these factors are also confirmed in fibroblasts
cultured from the same sample by immunofluorescence
(Fig. 5a). To further explore whether Notch 1 and TGF-{31
play a role in attenuated function of AMSCs-CM on KFs and
HSFs, we analyzed gene expression of Notchl and TGF-f31,
of KFs and HSFs post-treatment with CM. As shown in
Fig. 5b, c, expression of TGF-31, Notch-1 were stepwise
down-regulated by 12 h, 24 h, 48 h AMSCs-CM compared
to control groups in KFs and HSFs after 24-h incubation with
collected supernatant, and the inhibition was more pro-
nounced in 48 h PBMT-AMSCs-CMs compared to laser
spared 48 h-AMSCs-CM groups separately. In addition,
Western blot showed the decrease of TGF-f31and Notch-1
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Fig. 3 AMSCs-conditioned medium with or without low level laser
mediated inhibits KFs and HFs proliferation and migration. a Cell
viability was determined by CCK-8 assay every 12 h and compared
with the control groups. b Cell mobility at six positions (two positions
per well) was monitored for each group using a digital imaging
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Fig. 4 AMSCs-conditioned medium with or without low level laser
mediated does not induce apoptosis and cytotoxicity. a LDH assay were
used to determine cytotoxicity; the results showed no significant

at the protein level (Fig. 5d—f). To further detect the
TGF-f31and Notch-1 signaling pathway, we test gene expres-
sion of their ligands, such as SMAD2, SMAD3 for TGF-{31,
and Jagged-1(JAG-1), Jagged-2 (JAG-2), Delta-1for Notchl.
Results show downregulation of JAG-land SMAD3(5G-)),
which indicate that paracrine signaling of AMSC may work
through Notch1/JAG-1 and TGF-31/SMAD?3 pathway in the
context of KFs and HSFs, especially KFs, and the 48 h
PBMT-mediated conditioned medium works better than laser
free group. Taken together, our results indicate that PBMT-
mediated could enhance potential of AMSCs conditioned
medium on inhibiting KFs and HSFs proliferation, and this
function may act through downregulating expression of key
factors included in Notch1/JAG-1 and TGF-31/SMAD?3 sig-
naling pathway.

Discussion

There is growing evidence suggesting that scar remodeling,
skin regeneration, and tissue reconstruction have been benefit-
ed for paracrine function of AMSCs [49]. Currently, reports
indicate that PBMT could increase their therapeutic potential
[42, 45, 50].

Therefore, we developed an in vitro research to inquiry
whether PBMT enhances the anti-fibrotic capacity of
AMSCs on KFs and HSFs, and diving into underlying mech-
anisms by which AMSCs to take effect.

difference. b Annexin v pi analysis for the percentage of apoptosis of
KFs and HSFs post treatment

Results obtained from our experiments showed that cell
culture supernatant of post-PBMT AMSCs has much more
potential as a fibrotic treatment of KFs and HSFs, and acting
by inhibition of the proliferation, migration, and profibrotic
genes synthesis via downregulating TGF-31 and Notch-1
expression.

Keloid scars and hypertrophic scars have been considered
to follow fibroproliferative disorder post cutaneous injury,
presented with excessive proliferation of fibroblasts and extra-
cellular matrix deposition. Cellular signals released by neigh-
boring cells, such as neutrophils, macrophages, and
myofibroblasts, regulates a wide array of biological activities
in KFs and HSFs at different wound healing phases [9]. As
shown in previous studies, inflammatory-immunological re-
actions not only play a critical role in the earliest phases but
also involved in subsequent profibrotic processes [51].
Dysregulation of three TGF-f3 isoforms secreted by inflamed
immune cells around the wound area prominently mediating
formation of keloid and hypertrophic scar, especially TGF-31,
which has been considered as a driving force [52]. Recent
evidence shows that immune cells related Notch1 presenting
a critical role in the activation of keloid fibroblast, and in
addition, Notch-1 and TGF-f3-1 signaling can cooperatively
regulate variety of cell bioactivities at multiple levels [22-24,
53, 54]. Despite the well-documented cooperation between
Notch land TGF-f31, whether they act in the context of
ADSCs-mediated inhibition of KD and HS has not been stud-
ied. By screening of 14 keloid samples, 7 hypertrophic scar
tissues, and Snormal skin sections, it showed prominent
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<« Fig.5 AMSCs-conditioned medium with or without PBMT downregulated
Notchl, TGF-f31 in KFs and HSFs a Immunofluorescence staining of TGF-
31, Notch-1 and «-SMA (Scale bar = 200 pm). b, ¢ mRNA expression
variation of TGF-f1 and Notch-1, d—f western-blot to detected protein
change of TGF-31 and Notch-1 post treatment, and key ligands of TGF-
(31 and Notch-1 signaling pathway at mRNA level, g—j mRNA expression
variation of Jagged-1, Jagged-2, Delta-1, Smad2, Smad3 (mean+ SD, n =3,
*p < 0.05, #p <0.01, **p < 0.01)

overexpression of Notch land TGF-1 in KD when com-
pared to HS, and subsequently confirmed at mRNA and pro-
tein levels. However, expression of Notchl and TGF-1 in
NS was minimal. Then further researches were taken; we iso-
lated and cultured fibroblasts from the samples above, and
treated with AMSCs-CM with or without laser-mediated.
Our results show that AMSCs-CM has a suppressive effect
on the proliferation and migration of KFs and HSFs. In addi-
tion, AMSCs-CM can also attenuate synthesis of collagen,
and mRNA expression of CTGF, fibronectin, and «-SMA.

CTGF is involved in migration and proliferation of fibro-
blasts, and synthesis of ECM during wound healing, and it assists
TGF-B1 in fibrogenesis and subsequently sustain fibrosis.
Collagen I and fibronectin are major identified components of
ECM, and can also be regulated by canonical TGF-31/SMAD3
pathway. Not to mention the myofibroblast differentiation driven
by TGF-31, which classically express «a-SMA, and gain the
ability of increased migration and proliferation. These results
suggest that AMSCs-CM gathered previously do inhibit essential
procedure of scaring. More than that, as shown in our results,
LLLT can enhance this anti-fibrotic potential of AMSCs on KFs
and HSFs. We assume that this beneficial effect may act through
downregulation of TGF-f3 signaling. And lately, Notchl have
been shown to be a crucial role for fibrogenesis and activation
of dermal fibroblasts as TGF-[31. Thus, by further understanding
of'the possible role of Notch 1and TGF-31 at the functional level
in KD and HS, we observed that KFs and HSFs shows an over-
expression of Notchl, JAG-1, TGF-31, SMAD?3 at transcrip-
tional level as compared to NFs. These overexpressed profibrotic
genes are concerned with Notch1/JAG-1 and TGF-f31/SMAD3
signaling pathway, which play a critical role in fibrosis pathogen-
esis. Thus, paracrine signaling of AMSCs may make its contri-
bution to moderating fibrotic phenotype of KFs and HSFs by
inhibiting Notch1/JAG-1 and TGF-{31/SMAD?3 signaling path-
ways, especially in KFs. Moreover, LLLT enhanced AMSCs
paracrine function through an exposure-time-dependent manner
as detailed previously.

In summary, our study demonstrates that in vitro LLLT
applied to AMSCs boosts its secretion of paracrine factors,
thereby enhancing AMSCs potential as a treatment for KFs
and HSFs via downregulation of Notchl and TGF-1.
However, there are limitations of this study that needs further
amelioration. Following research is finding out key factors of
AMSCs that contributed, and then blocking Notch land
TGF-p1 pathway separately to detect their relationship in
context of KD and HS.
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