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ABSTRACT

Background: The skin aging is the most important factor that constitutes the general "well-being” and perception
of "health” in humans. The mesenchymal stem cells (MSCs) have a therapeutic effect on anti-apoptosis, angiogenic,
immunomodulatory and chemo-existing activity, especially in its treatment. However, the use of mesenchymal
stem cell-conditioned medium (MSC-CM) as skin aging therapy requires further investigation,

Methods: The systematic literature search have the following keywords; conditioned media or conditioned
medium or secretome as well as photoaging or skin aging. A total of 283 articles were reviewed from Pubmed,
Wiley Online Library, Science Direct and The Cochrane Library, and only || articles were relevant for this
systematic review.

Results: The results show that Secretome is promising in improving the skin aging process. However, due to the
high heterogeneity, a meta-analysis cannot be performed.

Conclusion: The use of secretome was promising in improving skin aging process, as shown by the available
preclinical studies. However, further clinical studies are needed to confirm the benefits and effects of secretome.

Keywords: mesenchymal stem cell, secretome, conditioned medium, skin aging,

INTRODUCTION

Skin aging is a complex biological process that is
influenced by a combination of intrinsic and
extrinsic factors'. Furthermore, it is associated with
decreased skin funcfion, increased skin fragility,
and impared skin wound healing. In contrast to
thin, afrophic, finely wrinkled and dry intrinsically
aged skin, premature photoaged skin typically
shows thickened epidermis, motiled discoloration,
deep wrinkles, laxity, dullness and roughness '?.
The increase in the aging of the population and the
changes in skin aging that affect self-esteem leads
many anti-aging therapies o be developad *7.

Stern cells (SC) therapy, which contains different
types of growth fadors, is commonly used for skin
aging. Furthermore, they are unique populations of
cells that are undifferentialed, able to renew
themselves, and differentiate into different cell
lineage. The mesenchymal SC (MSC) is «a
multipotent stromal cell that can differentiate into

various fypes of cells such as adipocytes,
osteoblasts,  chondrocytes, fibroblasts, and
myoblasts. There are many types of MSC, which
includes bone marrow stem cell [BMSC), umbilical
cord (UC) -MSC, placenta (P) -MSC, umbilical cord
blood (UCB) -MSC, amniotic fluid (AF) -MSC, and
adipose stem cell (ASC|®. |n addition, Mesenchymal
stem cell produces various secreted laclors like
cytokines, growth factors and chemokines, which
may trigger intracellular mechanism. The main
functions of MSC are tissue replacement through
multipotent differentiation, immunomodulatery and
anti-inflammatory effects, and molecular secretion,
which helps tissue repair®'®. This SC is a good
choice for regenerative medicine because it is easily
obtained (bone marrow, adipose and UCB) and
has low immunogenicity®.

In recent years, conditioned medium (CM) or SC-
derived secrefome has received more attention in
the field of regenerative medicine and has generally
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shown good results. The uvse of secrelome has
several advantages when compared to SC, as CM
can be manufactured, fresze-dried, packaged, and
transported more easily. Moreover, as it is devoid of
cells, there is no need to malch the donor and the
recipient to avoid rejection problems'’. The
secrefome contains many growth factor, cytokines,
chemokines, angiogenic factors, microvesicle and
exosome. Therefore, SC-derived CM have «
promising prospect fo  be produced as
pharmaceuticals for regenerative medicine'"2. In
addition, its potertial role as o cosmetic ingredien
is being explored'?,

A previous in vitro study showed that medium
conditioned with adipose stem cells (ASC-CM) can
increase the expression of collagen fype | mRNA,
type Il collagen and elastin in senescence human
dermal fibroblast (HDF). However, this ability were
reduced, as the passage of HDF increased’™.
Another study conducied by Li ef al showed anti
photoaging activities of this ASC-CM on human
keratinocytes and fibroblasts exposed to UVB light.
Inhibition of phosphorylation of the MAPK/ AP-1
pathway, decrease in NF-KB activation and
downregulation of HO-1 activation as well as
increase in expression of TGF-B and Smad 2/3
proteins were reported’. Therefore, the purpose of
this study literature is to know the effects and

benefits of MSC-CM or secrelome for skin aging
therapy.

METHODS

Eligibility criteria

The inclusion criterio used an experimental study in
English with human and animal study groups with
skin aging (intrinsic and extrinsic factors), given the
intervention in the form of the application of MSC-
CM/secretome. The expected outcome was the
clinical and histological outcome as the primary
oulcorne. Mon-English siudies, duplicotes, review
studies, and irrelevant articles as exclusion criteria.
Literature search and study selection

The integrated search process was carried out in
accordance with the instructions of the Preferred
Reporting ltems for Systematic Reviews and Meta-
Analyzes (PRISMA) guidelines. The artide was
identified from searches of PubMed (MEDLINE}, the
Cochrane Library, Science Direct, and Wiley Online
Library on June 9" 2020. The terms used as the
search keywords contains at least two words:
“conditioned media” or “conditioned medium” or
secretome and skin aging or photoaging. The
authors (W.E.P and C.RS.P} then reviewed the
feasibility of the article on the basis of inclusion and
exclusion criteria, the due diligence was condudied
by the author in a discussion and independent
mannear.
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Total articles from database

Exclude bosed tifle and abstract

(n = 268)

Exclude article cause inclusion criteria

[n = 283)
h 4
Title and Abstract relevant
{n = 22)
v
Articles full text and relevant
(=18

|4

(n = 4)

Articles in the systemotic review
h=11)

Exclude in witro study
(n=7)

Fig.1: Prisma Flowchart

Methodological quality assessment and risk of
bias

Two authors (W.E.P and C.R.5.P) in defermining the
assessment of methodological quality and risk of
bias by ecombining animal testing guidelines:
Reporting on in vive Experiments (ARRIVE)
guidelines with Consolidating Reperting of Trials™.
Data extraction and synthesis

The data exiraction was performed by two authors
(W.E.P and C.R.5.P) that were independent of each
study and were in agreement with all included
studies. Then, the following data were extracted:
study design, human model and type of animal
model for in vivo studies; establishment process for

animals or human in the included studies; type and
specific donor of MSCs; the isolation process for the
CM; interventions; comparison; duration of follow-
up; main culcome for the in vivo studies and the
results; any significant differences from control or
baseline; and other outcomes. For in vivo studies,
any adverse reactions were reviewed, clinical
outcomes, and histological outcomes. The authors
agreed to classify types of MSCs info BMSC, ASC,
UCB-MSC, AF-MSC and AMSC. The data collection
of in vivo study and clinical study outcomes are
shown in Table 1. A mela-analysis could not be
carried out due to high heterogeneity data.
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Table I: The studies overview

. Typa of | Level . [ Type of i
P i | Population ;f:é;’ Sample Intervantion Contralled
Sohn et EPC CM Human Clinical 25 Korean women [29-69 years old) with mild te  p% EPC-CM wos applied twica o day an RFLN

al'’ siudy moderate wrinkles. both sides of the fuce for 4 weals.

NHDF cells were prefreated with éoch
MECs wera differentioted to EFCs for 1021 days: CM for 24 b, followed by exposure 16
Conditioned medium wos deo colleded from 600 pm HyO; for 24 b, HOF calls were sxposed o
In vitre wndifferentiated MSC. B00 pirm-Ha O for 24 b,

Prakoes | AMSC | CM Humian Clinical | 48 subjech aged 41-60 years old and receive subjeciz were freated with micronesdling f subjects were treated with
wa ot study | priming with 0,025% frefinoin cream for 2 weela. | plus 3 ml of AMSC-CM for 3 fimes with | microneedling plus 3L
al'® - an infarval of 2 waeks. I of NS; for 3 fimes with an
! imerval of 2 weeks.
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| Avthor | _T”M";c‘“’ "g‘:;' Populatisn T;m‘;f : somple Intervention Controlled
Kimet [ AD BM, | CM Human Clinical 22 voluntesrs [18-55 years-old women). USC-CM in gream base were treatsd MAA
al'® and shudy daily 1o their skin.
Uce
Condilioned meadia (CM] of MSCs and HDFs HDFs (1% 103 cells/well) were seaded in
ware colledted. The conditioned medic were 6-well plotes ond cultured for 24 hin K58B-2 media,
n vitre measurad with GDF-T1 ELISA kit,

K58-3 medium. After washing, the
madium was replaced by HDF-.CM, AD-
MSC-CM and UCB-CM.
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Author | Trpe o tovel | population Lo Sample T Intervention ~ Controlled
Yan Xu | ASCs SC Human Clinical | 18 young velunteers wera randomly divided into | The CM of ASC ar PSC was dissalved | Injsced with HA
ot g and PCs Study 3 groups with 6 in each group: ASC-CM group, | inta injectable hyaluranic asid (HA}
PSC-CM group, and control greup.
160 ml of adiposs fissue was harvested fram &
45-year-old female cosmefic surgery patient. Characterization of ASC and PSC with
FACS onolysis  and  mulfipotency
S : analysis. /A&
Invitre | The final concentrafion frem ASC-CM and PSC-
CM were 70 mb of 5.989=0.07 mg/ml in freezs
dry powder. Characterizafion  of CM with MALDI-
TOF/TOF analysis.
Yang Xu | DA M Mice Invive | B immunodeficient nude BALB/C mics {female, 8 | 200 Lt of 10-fold-concentrated DA-CM | 200 L of 10-okd-
et al?! weaks old): UVB induced pholoaging mica | was subcuh ly injected ot ¥wo | concentrated DMEM was
|5x/wreeks for B waels). - places on one side of dorsal skin, once | subcutanecusly injected of
; 5 3 a week for o tolal of three fimes. other side o3 control,
Aclipote fizsus wos baken by liposudion from ance o weak for atatal of
healthy adult. three fimes.
HDOFs derived from the foreskin of a 20-year-old | DA-CM-treated HDFs (HDFs cultured in
donor. DACMY}, ek i
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Author TLP;: f I'Ec:l Papulation T;:::Jad:l Sampls Intervention Controlled
It was iradiated with UVB source, with dosage | ond DA-CM-treated SIPS-HDFs (HDFs | HDFs {HDFs cultured in
10 mJf/em’, once a day for 5 days. cultured in serum-free DMEM), SIPS-
DA-CM  ond  exposed 1o UVYE | HDFs
irradiafion). [HOFs cultured in serum-
In vitra free DMEM and exposed
o UVB
irradiafion).
El- AF-MSC [ CM Human Clinical | 10 voluntesrs (3 moles and 4 females| age 41- | 5 sessiona of skin needling, 2 weels | Leht  side, only skin
Demycii Study | 60 yeors old with facial aging aparl, AF-MSC-CM was added opieally | nesdiing. ;
of al 1o the right side anly.
Llse —ef | ESC- CM Human Clinical | 25 porticipants were 47-64 years old and had | 5 treatment of mic die with | 5 trectmenl sessions of
ol EPC - shucly Fitzpatrick Skin Type Il or IV, hESC-EPC CM ware repedted of 2-week | microneadle with saline
B intervals: were rapaated of ?-wesk
A T intervals.
I Amirthali | BMSC cMm Mice invive | 6 1o B weeks old nuda mice [N HLE Al mice: were irrodioled with UVE of a | Net iradicted with UVB
. ngom & dose of 150 mlfem?, once daily, for
al'? seven days and given CM.
HFF cells were photo-damaged by UVB | HFF irected with 0.25%, 0.5% and 1%
In vitro | irradiation (300 mi/em?2). for 48 h.
| Kim o | ASC CM Human Clinical | Female adults aged 30-60 years were zeleded. | Cream confaining 3D cullured ADMSCs-
all® Study i ; CM was applied an:
Left lower forearm
Leht upper forearm ofter freated with 515
Face
HDF was treated with 20 or 30 culiured
ASC-CM
HOF were oblained from males of 20 years old
{ or under Megative confrol  was
Invito | atfiored  with  bozal
mediurn without serum.
Pesifive  control  wos
cullured in @ basel
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Author ngf L-C;\:i : Population T;r:g;* Sample 7 Intervention = Controlled
medium  supplementad
with 0.04%.
Wang ef | ASC Profei | Humaon Clinical | 30 f=moles between 40 and 63 yeors (skin fype | Profein extracts fom ADSCCM were | Ulirapure  woter  wes
al?* n Study I and V], applied via micronsedles inta the skin | opplied via microneedles
axdrac with inferval 2 weaks (WO, W2, Wd, W8, | in confrol group.
t of W8, W0 -
M s Lot s
Kwon ef | BMSC CM | Mics Invive | 48 photooged female SKH-1 hairless mice, 6 | Topical BMSC-CM wos opplisd on | Vehicle salution
of® weaks old dorsal skin mice Jx/weak for B weaks. {polysthylens glyeal:
ethanol 7:3} was applied
on  dorsal  skin @ mice
Bxfweek for B wewks
Human dermal fibroblasts Treoted by MSC-CM {0,1%, 1% and
In vitre 10%) for 24 and 48 h MNA
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‘Table 2; In vivo studies and dinical studies results

Assessment 4
s Significant difference | Significant difference Other Other culcome
Author of main Main outcome measure(s| | Resulis e Eit groups e ofs)
Sohn af o'’ 4 wesks Crow's feel, The levation of | improved :‘lgn.i_f;ch;ri_ﬁ}__d;ﬁng Yes [p<0.001) A& Ly Y hAA
skin sudoce on. the right | clinical test pariod.
chesk.  The teture smalt
{Ra) wolues of the right
cheele
Prakoeswa st | 4 wseks and | Pore [basaline] NS: 49.63 = 11.193 Yo T N/A Side effect Erythema, urficana |
al'® 8 weeks AMSC-CM: 53.17 = 4.565 [resohved offer 2 days
£z . with fopical 1%
Pora 4 wasks M5: 49.58 = 6,903 N/A hydrocoriisone cream).
| AMSC-CM: 51.42 = 4745 ’
Pore & weeks MNS: 50,29 £ 4.467 N/A
AMBC-CM: 48.46 = 6.171
i Wrinkle {beseline) .NS: 12,13 = 7.011 Yes MA
AMSC-CM: 13.92 = 5.6439
Wrinkle 4 weeks NS5; 12,29 = 6196 H/A
AMEC-CM: 12.42 = 6.413
Wrinkle B weeks MS: 1167 « 5.498 MNAA
AMSC-CM: 9.29 = 5,279
| Spot {polarizad) NS: 32,70 = 8.968 Yes NA
+ {bassline} AMSC-CM: 34.96 + 6.557
Spot (polarized) NS: 34.46 = 7.852 N/A
4 weeks AMSC-CM: 32.71 = 7.474
Spot [polarized) | NS:34.08 - 9.016 KA
o AMSC-CM: 30.46 + 6.335
Spot {UV) baseline N5: 14.54 =« 8.748 Yes MNAA
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m“n?em | o B Significant difference [ Significant difference Other Other outcome
Author of main Main from basel i tuati 5
outcome { am ne BEN groups evaluation meﬂﬂ-ll'ﬂrs}
AMSC-CM: 17.17 = 8,646
Spot {UV] 4 weaks NS: 13.50 = 5.934 H/A
AMSC-CM: 13.67 + 5.880
Spof {UV] B wesks NS: 13.04 + 6,196 M/A
AMSC-CM: 12.46 = 7.581
Skin tone (bassling) N$:38.58 = B.717 No N/A
AMSC-CM: 39.54 + 7.028
Skin tona 4 weals MNS: 38 58 -~ 8.677 /A
AMSC-CM: 38,76 + 7.624
Shin fome & weeks HW5:36,67 = 1750 HiA
AMSC-CM: 36.92 + 6.788
Kim st al'? 2 weeks and | Dermal density baseline 14.20 = 0.09 - MN/A Hverne reaciion | Mo adverse reachion
4 weeks 2 weeks 14.33 = 0.08 Mo
4 yeseks 14.55 = 0.10 Yo
Skin wrinkle
Ra baseline 13.62 = 0.56 - A
Ror 2 weaks 13.40 = 0.50 bleo
Ra 4 weals 13.08 = 0.45 Ne
Rma boseline 94.93 + 431 - N/A
Rmiox 2 weeks 92.97 = 3.34 He
Roax 4 weeks 20.35 + 3.44 Yas
Rz basaline 68.87 = 2.49 - MJA
Bz 2 weeks 67.10 = 2.08 Mo
Rz 4 wealks 6604 = 2.15 Mo
Rp bozeline 42,66 = 1.19 . h/A
Rp 2 wesks 41,70« 1.20 No
| Rp 4 weeks 40,35 & 102 Yes
Ry beraline 57.23.= 3.43 - HAA
Ry 7 weelks 54,00 + 2.54 Mo
Ry 4 weaks 54,59 + 2.70 Mo
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Assessment o : == .
§ Significant difference | Significant difference Other Other oulcome
Author :;: main {.Mcin outcome measure(s] | Results Fointe Bisalnis i Sy e s
Yan Xu et ol 15 days Erythama index NfA NfA Lontro! group = MAA P/A
! ASC-CM (p=0.01}
Contral group = PSC-
CM (p>0.05)
|
Melanin indasx MAA RifA Contrel group >
ASC-CM (p=0.01)
Cantrol group = PSC-
CM [p=0.01)
ASC-CM < PSCCM
{P<0.01)
Glossymeter index N/A M/A Centrol group <
ASC-CM [p=0.01})
Conlrol group = PSC-
Ci {p=0.01}
TEW Ameter index M/A MNiA Cantrol group >
ASC-CM [p<0.05)
Control group = PSC-
CM {p=0.01}
Comeometer index N/A N/A Control group <
ASC-CM (p=0.01)
Cantrol group = PSC-
CM {p<0.01}-
Yang Xu e 4 weeks and | Collagen amount contral: 19.78% ~ 2.01% Yes (p<0,05) MAA Immunchisto MMP-1
al’! 8 wenks 4 waaks DA-CM: 34.31% = 3.44% chemiatry MMP-3
cenfrol; 19,35% + 2.53%
Coliegen amaunt DA-CM: 49.33% = 4.78% Yes (p< 0.05) N/A
& weaeks
control: 19.01%= 2.22%
Collagen Typa | DA-CM: 23.74%= 2.43% Yes {p <0.05) N/A
4 waaks
contral: 22.00% + 3.41% _
Cialliaen Tyoe | DA-CM: 45.37% = 3.07% Yes (p< 0.05} NZA
B waeks
control: 23.31% = 1.34%
Callagen Type il DA-CM: 45.93% = 3.50% Yea {p< 0.05) MA
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T N A:s':;:m ] ki st an et | Wee Sigr;rﬂxrf diﬂ"emnce Siglniﬂcum difference ] qﬂ“.r Other cum?i:no
L f group I A=
4 weaks
control: 23.02% + 2_42% 1
Cellagen Typ= 1l DA-CM: 56.94% + 6.63% | Yes {p< 0.05] MN/A
B weeks i
/A
MMP-1 [RFL N/A H/A
i MMP-3 B =t N/A :
El-Domyati et | One month | Clinical Improve ment : Yes [p=0.026). Yez (p<0.001} Side sffeds Erythema
al¥ Laft side 333 +B95 Edema
Right sice 40,6 +9.77 Pigmariary change
Eathyimosis
‘Scors Yes (p=0.019) Yes (p=0.003] Crusting
Left side
| Very good 0 (0%
Good o 0%
Moderate 7 (70%
Mild 3 {30%)
Right sicle
Vary good F{10%}
Good 7 (70%)
Moderate 2 20%)
Mild 0 (0%
Histological evaluation
| Collagen fibars
Bﬂhm (B ] e 2 { c 1, I [ )
with  increosed  intercellular
spaces
Increased and more organizad
After collagen bundles with decreased
interfibrillary zpoces
Densa alastotic material
1 Elastic fiber
! Before Elastofic material  decrecsed,
| fine ond well-aronged new
| | Afier elastic fibers |
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1z Assessmant 2y T . " =
i " Significant d ~Significant diff Orihen Oth
’7 Author of main Main outcome measure(s] | Resuits '9?";:: M!f::::"m hbr:hv:an g e'f"m Sk o ol aulo?r:ne
Mean epidermal thickness
Laft side 47.55 = 557
Before 62.18+ 5.69 Yes (p<0.001} Mo (p=0.78}
Alter E
Right sids 4B.19:436
Befors 64.08+ 4.50 Yoz (p<0.001) Mo {p=0,41)
After
Lea ef af?”® 12 weska Clinical ossassmant: ] Adverse event
Overall safisfaction scares Control: 2.72+1.45 NfA Yes {p<0.05) termporary erythema,
hESC-EPC; 3,25+ 1.26 mild desguomation
Asse=ssnrent for | Confral: 1.3220.62 A4 Yes {(p<0.05)
pigmenialion hESC-EPC: 1.54=0.57
Aszezsment for wrinkle Co_ﬁirol: 1.49+:0,48 NFA Yea {p<0Q.05§
hESC-EPC: 1.92:0.42
Neon-invasive skin
meosurament
Pigmenfalion Confrol: 143+11.7 Yes (p=0.05)
Bansline hESC-EPC: 138+14.2
j Twio weeks Conlrol: 136£12.8 No [p= 0.052}
: hESC-EPC: T13£124.) Yea (p<0.05)
hema Confrol: 268+25.1 Yes {p<0.05
{p=0.(
Baseline hESC-EPC: 271+24.2 )
Two wesks Control: 243+21.1 Mo (p=0,05}
hESC-EPC: 255.:29.8 Yes (p<0,05)
Wrinkle
R2 value Contral: 0.52 +0.07 Yoz (p<0.05)
Baseline hESC-EPC: 0.58=0.1
Two weeks Conirol: 0.50:0.1 Mo (p=0.05}
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Author of main ‘Main outcome measure(s) | Results s'nniicurf d"f‘,‘“’“"" s'q“'&ﬂ“' differance 0[!?!9:’ Other oui:::r.ne
outcome from i v
hESC-EPC: 0.46:0.09 Yas {p<0.05)
| B3 volua Contral: 0.38+0,06 Ye: {p<0.08)
| Bazeline hESC-EPC: 0,401

T wiesles Cantrel: 0.34:0,1 Mg {p=0.51}

hESCEPC: 0312006 | Yes [p<0.05)
Amirthalings B days skin moisture N/A Yes {p<0.05 NA NA
m et al!? canittol group 4958 = 3.7 -5580=.1.2

UVB sxposad group 54,60~ 4.7 - 145=13

Formulation freated A78 +32-37.4+25

Erythema Index MiA Yes {p=<0.05)

contrel group: riiA

UVYB exposed group 2868 = 12.9-360.7 > 14.4

Farmulation freated 265 = 14.3-271.4 = 159

histolagical N/A

Epidermal thickness

Confrol 3.06 = 0.41

UVEB-irradieted 1425 = 1.19

Formulation treated 10.98 « 2.05

Dermal thickness

Contral 55.18 + 3.64

UVB-inadiated 99.21 £ 8.73

Formulation trecled 76.38 = 4.60

Epidermal hyperplasia

Caondrol =

UVB-irradiated 4+

Formulation treated +

Hyperkeratasis

Conlral =

UVB-irradialed 4

Farmulation treafad

Infiltration of inflammatory
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Author hs:;xi:ﬂ! Main outcome measurefs) | Resulls SigﬁcuT di‘lf?r\enc,e S“i“iﬁ‘"’” diffarenca Olher Other omu,”.“
outcome m L groups 5]
cells in dermis
Cenfrol
UVB-iradiated -
Fermulation treatad F 4+
++
Kim et al'? Skin irritation degres after A HyA
0.5h [}
24 h o
48 h 0
3weeks | Bkin tedure damoged by | Control: 3.74% P7A Yas (p<0.05)
| externol shmuli Application site: 11.94% i
]
2 weaks and | Desp skin elasficify Yes {p<0.05} NfA
& weelks Urfle volue
2 weeks 5.97%
4 weeks 9.34%
| Wrinkle assessment Yes (p<0.05) hHA
2 weaks 5.01%
4 waeks 6.23%
Dermal density Yeu {p<0.05) MA
2 weeks 5.97%
4 wagks 12.5%
Right after 1
fime uss and | Skin  moisture  redention Yes (p<0.05] MNyA
after 20 effect in adificial cold wind
inutes of Vi t
arfificial coal | Right offer 1 fime use 543.60%
breezs 20 minutes afier cool bresze | 452.38%
Wang ef af?? 12 weeks | Malanin index MNfA Yer (p<0,001) weak 10 Yas Facial A
: and week 12 p<0.01 week 2 photograph
Pp<0.001 week 8, 10, | Erythema
12 | Advarse effedt Dryness
Desquamation
Skin color M/A Mo Yes Burning
: p<0.01 liching
week 10, 12 Stinging
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Assessment
of main
outcome

Main out

Significant difference
from baseline

Significant difference
between g

Other

1,

Other outeome

L

Skin radionce

Skin surface topography

SEsim

SEic

Sew

Value ot each fime

| Skin elasficty
| R2 value

M/A

MN/A

N/A
NFA

REAA

h/A

Yes
p<0.05 wesk 2
p<0.81 week &, 12

Yes
AAPE:
p=<0:01, week 6
=0.001, wesk 10, 12
Control:
p<0.05, week 12

Yes
AAPE:
p=0.05, week 10
p=0.01, week 2
Control:
p<0.05, waek 10
p=0.01, week 12

Yes
AAPE:
p<0.05, week 2, 6
p<0.001, week 10, 12
Contiok
p<0.01, week 10,12

Yen
AAPE:
p=<0.01, week 2
p<0.001, wesk 6, 10,
12
Conhol:

p=0.05, weak 10
p=<0.01, weak 12

Yoo
AAPE:

Yes
F<0.001 week 6, 10,
12

No

Yes
P05 week 2
p=0.01 week &
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uithior iofi amﬂi [Mnin o T Significant difference | Significant difference Other Other outcome
; P from baseline between group luatio (5]
Forehand p<0.001, week &, 10, | p<0.001 week 10,12
12
Control:
p<0.01, week 10, 12
Yas Yes
AAPE; p=0.0] week 2,12
p<0.01, week 2 p=0.001 week 6, 10
Crow's feet p<0.001, week &, 10,
12
Contral:
p<0.05, weelk 10
p<0.01, week 12
Yes
AAPE;
p=0.05; weak 2 Yes
Periorbital skin relief AAPE weok 123 p<0.01, weak 6,10,12 p=0.05 wesk 12
Ra -3.08=2.61 Yes
AAPE:
p=0.05, week 2, 10
i p=0.01, weak 6,12 Yes
<007 weak 12
3 Yes
Rg -3.83=3.15  AAPE:
p=0.05, week 2,6, 10
p=0.007, week 12
Yes
Yes p=0.01 week 12
AAPE:
Rz -11.48+10.01 p=0.05, week 2, 6, 10
p=0.01, week 12
Yoo
p=0.05 wask 12
Rrmos 21.66:21.90

N/A
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Aothor As:mni | Main g |8 Significant difference ng‘nih'::uw difference Other Other cutcome
S { from hassli en group i )
| NAA
Yea
Self-evaluaiion p<0.07 week 2, 6,
queslionngine MAA 14, 12
Anfi aging
| Wrinkles MAA Yes
; p=0.05, weak 7
NfA p=<0.01 week 6, 10,
Wrinkles around eyes RFEN 12
Yes
MiA P05, week 2, &
Skin more resilient N/A p<0.01 weel 10, 12
~ Yes
N/A p=0.05, waek 2,10
Skin mare sloskic NEA p=0.01 weal6, 12
Yeas
| p<0.05, week 2,6 |
Lifting effact HAA p=<0.01 week 10,12 |
/A I
Yes
p=<0.05, waak 2,
Fine wrinkles reduced A 10,12
p<0.01 week 10, 6
/A |
Whitening and msisturizing
Feeals rejuvenoted ; Yes
H/A N/A p<0.05, wask 10
p=0.01, week 6,12
p=0.007, week 2
Skin more hydrated Yes
HZA A p<0.01, week 2, 6, i
10 |
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Assessment |

of main

| Main outcome measure(s)

Results

Significont difference
from baseiine

Significant difference |

between groups

Other

Other outcome

Skin more rodiant

Skin heaithier

Skin more fair

Owvarol sefistodion

/A

N/A

NZA

MA

H/A

MN/A

p=0.001, waek 12

You
p=0.05, week 2
p=0.01, wesk 10

p=0.001, weeak 6, 12

p<0.001, week 12

Yes
p<0.07, week 2, &,
10
p<=0.001, week 12

Yes

p=0.05, week 2
p=0.01, week &, 10
p=0.001, week 12

Kwon etal® |

& weels

Skin hydration

Keratin content

Wrinkle area

M7A

M/A

N/A

NA

MFA

H/A

MifA

N/A

Yes
p=0.001, normal
di ina and

fmmunohiste
chemistry
; ool

Fiata|

group, ade
10% MSC-CM group
p<0,01, UVB, 1%
MSC-CM

Yes
p<0.001, normal
sroup
p<=D.01, 1% MSC-CM

Yeas

p=0.001, normal
group, adancsine,T % |
MSC-CMand 10%
MSC-CM group

Yes

evoluafion

Type | collogen
Epidermal thickening
Collagen fiber

631| International Journal of Pharmaceutical Research | Apr- Jun 2021 | Vol 13 | Issue 2




Winowati Eka Pulri et al / Mesenchymal Stem Cells-Conditioned Medium (SECRETOME) in Skin Aging: A Systematic Review

Assessment . = "
Author of main Main outcome measure(s] | Resulis s'g';r?:? dﬂt'm"“ Sranﬁmm difference Oihef ther om‘??“
oufcome =i b iy i
p<0.001, normal
group, odenesine,] %
MSC-CM and 10%
MEC-CM greup

Clinical scors M/A /A Yes

p<0.001, nermal
group, odencsine, 1 %
MSC-CM and 10%
MSC-CM group
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Assessment of methodology quality

Study characteristics: Table 1 presented an
overview of the study, which describes the type of
MSC and CM level used, study design, human or
animal model for in vivo study, cell preparation
for in vitro study, and the intervention. Table 2
mostly describes the study’s outcomes.

Out of 11 studies, 8 were human-model clinical
studies, and 2 studies mentioned the Fitzpatrick
skin type and only 1 mentioned Glogau
classification for photoaging. Others did not
mention the classification. Furthermore, 3 studies
in this review used mice, including nude BABL/C
and, SKH-1 hairless, and nude mice [NU/NU).
The aging modsl in animal was established by
irradiating with UVB light.

The most common type of MSC used was adipose
tissue (five studies), followed by bone marrow (two
studies), amnion fissue, epidermal progenitor cell,
human umbilical cord blood, placental tissue and
amniotic fluid. Topical MSC was used in 5 studies,
while injection was used in 2. Prakoeswa et al,
Lee et al, Wang et al and Domyali et al used
microneedle and MSC-CM compared between
treatment group and the confrol group. Study
carried out by Xu e ol compored between ASC-
CM or PSC-CM, which was combined with
hyaluronic acid.

In vivo study oufcomes: Table 2 presented In vivo
and clinical study outcomes, including the main
oulcomes measures, the scores or results,
significant difference, and alsc other oufcome
measures, Out of 11 studies, clinical outcomes
were mostly reported. Sohn et al, Prakoeswa et al,
Kim et al reported the significant clinical
improvement from baseline, which includes
Crow's feel, skin surface, skin fexture; pore,
wrinkle, spot, skin fone; dermal density, Rmax,
Rp; and pore, wrinkle, pigment, moisture, skin
sebum U

elasticity, zone, and T zone,
respectively'”'®. Otherwise, Yan Xu et al only
reported significance diflerence between the

control group and the treatment group®. Index of
Melanin, Glossymeter, Tewameter  and
Corneometer of ASC-CM and PSC-CM group
showed improvement than control group for 15
days. However, Erythema index, reporied
significance difference from baseline only in ASC-
CM group. Melanin index of ASC-CM group was
significantly lower than PSC-CM group. Lee at al
showed that after treatmenf for 12 weeks with
microneedle and hESC-EPC  CM, clinical
assessmenl such os overall satisfaction scores,
assessment for pigmentation and wrinkle were
significantly improved between control and hESC-
EPC CM group. Pigmentation, wrinkle and
erythema were significantly decreased in 12
weeks. The overall satisfaction reported by Wang

et al was significantly improved between group in
week 2, week 6 and week 127, Xu el dl,
Amirthalingom et al and Kwon el al, used
pholoaged mice model to observe the effect of
MSC-CM™7%21 - Amirthalingam et al and Kwon el

al, that uses both BMSC-CM, reported an
improvement  in  clinical and  histological
oulcomes 31721,

Histological outcomes were reported in 4 studies,
all of which showed good improvements in the
histological structure of aging skin, and 2 studies
showed significance difference from baseline. Xu
et al reported the significant increase of collagen
amount, collagen type | and collagen type Ill in
BABL/C mice treated with DA-CM, compared with
control (DMEM) group for 4 weeks and 8 weeks.
Domyati el al reporied that after one-month
treatment, mean epidermal thickness left side
|microneedie only) and right side [microneedie
and  AF-MSC-CM} increased  significantly;
however, there is no significance difference
between these group.

Other evaluations performed by the authors aim
to monitor side effect or adverse reaction, facial
photograph and immunchistochemistry. Lee et al
reported mild poin, femporary eryihema and mild
desquamation with microneedle. Similar to Lee et
al, Prakoeswa et al and Domyati et al also used
microneedle and reported erythema. Only Xu et
al conducted immunohistochemisiry examination.
All results supported the beneficial effects of MSC-
CM in the freatment of skin aging.

DISCUSSION

The medium or secrelome conditioned by
mesenchymal stem cells contains many growth
factors, cylokines, chemokines as well as
extracellular matrix proteins and exosomes. These
secreted faclors can play a role in tissue repair
and regeneration through their paracrine effect
10122627 This study showed that MSC-CM is
always associated with significanily beiter clinical
and histological outcomes. In addition, 11 clinical
or in vivo sludies showed improvement of clinical
outcomes with or without histological outcomes.
Some studies performed in viiro study to support
in vivo studies.

An in vilro study performed by Xu et al, Sohn et
al, and Pan et al, all reported an increase in
superoxide dismutase (SOD). The combined laser
therapy and ASC-CM conducted by Xu et al also
showed o decrease in malondialdehyde (MDA)
and increased in the expression of Wni/ B-
catenin, which plays a role in collagen formation
for the improvement of skin aging?'. Sohn et al
did culture of HDF with H,O; and reported that
hEPC-CM and MSC-CM have similar profective
effects on SOD and glutathione peroxidase (GPx),
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which significantly increase type | procollagen
also  inhibited  hydrogen  peroxide-induced
phosphorylation of proteins in mitogen activated
protein kinase (MAPK) signalling and play a role
in skin aging"”. Parado el al?® demonstrated that
AMSC-CM  increased  catalase  (CAT)  and
decreased malondialdehyde (MDA) also blocked
cell  cycle. These could delay oxidalive
stress-induced premature senescence 2%, Kim et al
reported thai cell migration and collagen type |
and type Ill synthesis were increased in the UCB-
MSC CM group than in HDF-CM and ASC-CM.
They also reported that GDFI11 (rejuvenation
factor]) secretion was the highest in UCB-MSC
CM, and therefore improving the skin wrinkles'”.
GDF-11  or bone morphogenelic protein-11
(BMP-11), member of TGF-B family, decreases
with age. Although nol high, ASC also secretes
GDF-11, which con  improve proliferation,
differentiation of cell and migration and secretion
of ECM that is important for skin aging?”.

An in vitro study performed by Balasubramanian
et al demonsirated that BMSC-CM  showed
beneficial effects on the damaged fibroblasts
caused by oxidative stress or UV radiation®®. The
secrefome  wos  able 1o restore  fibroblast
proliferation and migration, also an increase in
synthesis of ECM?. They also reported an
increase in the cyclin B levels, which decreases
in senescence cell.  Another study supported
BMSC-CM as anti-aging, conducted both in vivo
and invitro by Amirthalingam et al reported that
the cydobutene  pyrmidine  dimers  (CPD)
formation, which cause primary lesion in UV-
irradiated DNA, was prevented by BMSC-CM
treatment. They showed that these CM extensively
microscopically and macroscopically protected
mice skin from toxic UVB-irradiation’.

Sohn et al, Prakoeswa et al, and Kim et al agreed
that MSC-CM can improve the appearance of
wrinkle. A study by Prakoeswa el al using AMSC-
CM with microneedling showed its capability to
improve clinical photoaging and it was a
promising opfion for rejuvenation therapy 8.
Another in vivo study conducted by Kim ef al
showed that topical treatment of UCB-CM
showed anti-wrinkle effect and significantly
increased dermal density in photoaged women 1°.
A study by Xu el al showed that ASC-CM and
PSC-CM improve skin aging for 20 days. Indeed,
every type of MSC has shown improvement in
skin  aging. Secretome composilion  varies
between donors depending on the type of
cultured MSC ?¢. Side effects of the application of
the CM were observed only in 4 studies.

This study had several limitations. First, out of 11
studies, only 2 reported clinical and histological
results with randomized subjects. Second, these

studies used different cell sources, research
subjed, and delivery methods, which clearly leads
to different oufcomes. The studies used in our
review varies considerably in ferms of MSC
sources (epidermal progenitor cell, amniotic
membrane, adipose, bone marrow, umbilical
cord blood, placental, and amniotic fluid),
research subjecls (human, mice), and delivery
methods [with or without device-microneedle,
laser, with or without additional malerial-
hyaluronic acid). Finally, the dinical outcomes
and the device used in measuring the same index
also varies between studies. Therefore, it was
impossible to perform a quantitative analysis with
the included studies. Further research is needed to
decide which type of MSC-CM will be the best
choice for skin aging and to know more about
mechanism of MSC-CM in skin aging
improvemert.

CONCLUSION

The use of secretome was promising in improving
skin aging process, as shown by the available
preclinical studies; however, further clinical
studies are needed to choose which type of MSC
s superior for the improvements of skin aging.
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