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Introduction

The cell cycle on eukaryotic cells consists of
two main phases, mitosis (M) phase and interphase
(G1, S, and G2) [1]. The whole-cell cycle progression
is coordinated by cyclin-dependent kinases (CDKs)
and cyclin protein that work synergistically [2], [3]. G1/S
phase transition involves CDK4/6-cyclin D complex and
the S phase includes CKD2-cyclin E complex [4], [5], [6].
At the end of the S phase, there will be Forkhead Box
M1 (FOXM1) transcription factor involvement [7], [8].

The most critical target of active CDK4/6-
cyclin D complex is retinoblastoma (Rb) protein.
Unphosphorylated Rbwillinteractwithunphosphorylated
E2F1. However, phosphorylated Rb will activate the
CDK4/6-cyclin D complex that will release E2F1. Once
the threshold level of Rb phosphorylation is reached,
E2F1 can promote cells to go to the S phase [9], [10].
Human FOXM1 proteinis correlated with pro-proliferative

Abstract

BACKGROUND: In the senescence process, the retinoblastoma (Rb) protein binds to E2F in hypophosphorylated
conditions, preventing the cell to enter the S-phase in the cell cycle. Human Forkhead Box M1 (FOXM1) protein,
key regulator G1/S and G2/M phases, decreases in the senescence process. Many studies have been carried out
to reverse this system, one of which used exosomes of adipose-derived stem c ells conditioned media (ADSC-CM).
These exosomes contain a variety of specific proteins which have pro-proliferation properties, however, little is
known on the role of these exosomes toward the change of phosphorylated Rb and FOXM1.

AIM: This study aims to find out the involvement of exosomes of ADSC-CM on these two proteins on senescence
human dermal fibroblasts (HDFs).

METHODS: In vitro experiment was undergone randomization sample and non-blinded pre-/post-test control group.
The primary culture of senescent HDFs was transfected with exosomes of ADSC-CM; then, its effect on migration
and senescence reversal was observed through analyzing Sa-f3-gal, Rb, and FOXM1 protein expression.

RESULTS: The expression of Sa-f-gal was higher in the control group. Our result demonstrated the exosome of
ADSC-CM significantly induced the expression of Rb and FOXM1 protein in senescent HDFs (p < 0.05).

CONCLUSION: It proved that exosomes of ADSC-CM could shift the senescent fibroblast into metabolically active
cells.

cells and only expressed on proliferative cells, thus,
there will be no expression of FOXM1 in quiescence or
differentiated cells [11], [12], [13].

Cellular senescence can be defined as a
condition when cells leave the cell cycle because of
limited proliferation capacity from the culture of human
dermal fibroblasts (HDFs). Cells will quit from the
cell cycle when one of the pathways is activated, for
example, Rb/p16™“?[14]. Senescent cells can be still
alive and metabolically active, but they cannot undergo
cell division. Hitherto, senescence is considered as a
static end condition. However, recent studies support
that senescence is a dynamic multistep process.
Cellular senescence could act as a potential tumor
suppressor, in contrast, it also improves cancer growth
[15]. The senescence initiation happens when cell
cycle arrest in which CDK4/6-cyclin D is inhibited by
Rb/p16™“?[16].

Adipose-derived stem cells conditioned media
(ADSC-CM) is potential to solve the aging problem since
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they have low oncogenic potential, ability to secrete
cytokine, and other growth factors [17], [18], [19], [20].
The paracrine mechanism secreted by stem cells is
caused by the exosome. Exosomes from stem cells
including ADSCs give a good prognosis toward tissue
repair. However, the molecular mechanisms of ADSC-
CM-derived exosomes remain unclear. A recent study
proved that these exosomes may reverse senescent
fibroblasts into normal [21]. In our study, we found that
exosomes of ADSC-CM induced both cell migration
and reversed cellular senescence by increasing the
expression of Rb and FOXM1.

Materials and Methods

Adipose-derived stem cells culture

Adipose-derived stem cells were isolated from
subcutaneous adipose tissue during elective cesarean
operation from a 25-year-old pregnant woman. Informed
consent for sampling and research was attained from
the donor. The procedure was approved by the Ethics
Committee of Faculty of Medicine, Universitas Brawijaya,
Malang, Indonesia (No.169/EC/KEPK-S3/05/2019).
Briefly, fat tissue was washed with PBS 3 times.
Subsequently, the tissue was filtered on a sieve, then
digested in 0.075% collagenase type | for 30 min at 37°C.
The homogenate was centrifuged at 1500 rpm for 7 min
to get the pellet and seeded. Adhered cells were cultured
and cultivated in high glucose DMEM supplemented with
10% fetal bovine serum (FBS) at 37°C and incubated
in a humidified incubator with 5% CO,. The cells were
passaged repeatedly after reaching 70-90% density.
After passage 3-5, the media were changed into serum-
free medium and were incubated until 48 h.

Conditioned medium (CM), Exosome, and
RNA isolation

The exosomes were purified from ADSC-CM,
the growth medium that had been used by ADSCs. The
purification of concentrated CM was using Exosome
Purification and RNA Isolation Kit® (Norgen Biotek, ON,
Canada) according to the manufacturer’s procedure.
The exosomes were characterized by scanning electron
microscope (Hitachi Ltd., Japan) and PKH26 Red
Fluorescence Cell Linker Kit® (Merck Ltd., Germany).

Fibroblast primary culture

HDFs were explant culture from human skin.
Shortly, the skin was cut into pieces and placed in the
6-well plate until the explant stick into the plate. Then,
the media were added. The cells were expanded in
DMEM supplemented with 20% FBS at 37°C, 5% CO.,,

Flow cytometry analysis

ADSCs from passage three to five and
adipocytes were trypsinized and followed by intracellular
staining. Briefly, the cells were suspended in binding
buffer, then the cells were incubated with a monoclonal
antibody against CD34 (343616, Norgen Biotek, ON,
Canada) and CD44 (338804, Norgen Biotek, ON,
Canada) in the dark for 30 min at 4°C. The stained cells
were washed with cell staining buffer and immediately
analyzed using the FACSCalibur flow cytometer and
CellQuest Pro software® (BD Bioscience, USA).

Transfection of ADSC-derived exosome
and PKH26 staining

Fibroblasts were plated in a 6-well plate
and starved for 3 days to get senescence cells. We
used 1 ug/ml exosomes of ADSC-CM. On the day
of transfection, the control group was measured for
the senescence cells by senescence-associated
B-galactosidase (SA-B-GAL) assay. While the treated
group, the exosomes were stained with red fluorescent
PKH26 (Sigma-Aldrich) and added directly into the cell
culture media in the plate. Then, they were incubated for
72 h. The cells were collected and counterstained with
1 ug/ml 4’,6-diamidino-2-phenylindole (DAPI) solution
for an additional 5 min. The detection of the transfection
was using an 1X71 fluorescence microscope (Olympus).

Sa-p3-gal assay

Fibroblasts were seeded in a 6-well plate,
fixed with 25% glutaraldehyde for 5 min, and stained
overnight in a mixture of cell staining solution from a
commercial kit (BioVision). Every group was replicated
in triplicate. Images were obtained at 200x using an
IX71 inverted microscope (Olympus).

Scratch assays

HDFs were seeded in 24-well plates and grown
to confluence. When they are confluence, the cells were
mechanically wounded with a sterile 200 ul pipette tip.
After the disruption, remove the debris and smooth the
edge of the scratch by washing the cells once with 1 ml
of the growth medium and then replace with 5 ml of the
medium, and then, the HDFs were incubated in 1 ug/ml
exosomes of ADSC-CM for 24 h.

ELISA

The measurement of Rb1 and FOXM1 protein
levels was using Human Rb1 ELISAkit® (MyBioSource)
and Human FOXM1 ELISA kit® (MyBioSource),
respectively, according to the manufacturer’s
instructions. Next, we analyzed the data using SPSS
statistic software version 25, while the normality test
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was utilizing the Shapiro—-Wilk test. The t-independent
test would have been done if p > 0.05, however, if the
data did not meet the requirement, Mann—Whitney
U-test would be used.

Results

The identification of ADSCs

We observed that ADSCs started to grow and
migrate around the explant after 10 days (Figure 1a).
The cells were characterized by CD34 as a cell surface
marker and have a positive expression of mesenchymal
markers (CD44). Aimed to confirm the protein
expression at the surface of the ADSCs, we analyzed
CD34 and CD44 by a sensitive flow cytometer. The
results proved that ADSC cells expressed CD34 and
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Figure 1: Adipose-derived stem cells (ADSCs) characteristics.
Phase contrast micrographs of ADSCs in which one of the ADSCs
was pointed by the red arrow (a). CD34 and CD44 that were detected
as red dots were measured by a flow cytometer (b). A transmission
electron microscope (TEM) was used to identify the presence of
ADSC-derived exosome (c). (d) PKH26 staining confirmed that the
exosomes were absorbed by human dermal fibroblasts

CD44 (Figure 1b). To prove the existence of exosomes
of ADSC-CM, we analyzed them by scanning electron
microscopy and the results are shown in light gray
color (Figure 1c). Moreover, to confirm that the uptake
of exosomes has been successful, we stained the
exosomes with PKH26 and observed them under a
fluorescence microscope. The results demonstrated
that the HDFs could absorb the exosome (Figure 1d).
The red and blue colors in Figure 1d represent exosome
and nucleus, respectively. Exosomes were labeled with
PKH26 and DAPI was used to stain the cell nuclei.

Exosomes of ADSC-CM induce migration
and reverse senescence activity of HDFs

To investigate the effect of exosomes of
ADSC-CM on the migration of HDFs by scratch
assay, we transfected the exosome into HDFs by 72 h
incubation. The result delineated that the transfected
HDFs had a higher gap filling area compared to the
control group. It suggests that exosomes of ADSC-CM
promoted the migration of HDFs (Figure 2a).

Next, we asked whether exosomes of ADSC-CM
can shift a senescence HDFs into a normal one. We
used Sa-B-gal assay for several repetitions. This enzyme
is a biomarker expressed by senescence fibroblasts [21].
This enzyme is encoded by the GLB1 gene and based
on the elevation of the lysosome in senescence cells
which enable lysosomal [-D-galactosidase detection
at suboptimal pH (pH 6.0) [22], [23], [24]. The result
delineates that Sa-f3-gal expression in the control group
had a higher number of senescence cells than the
exosome-treated group. In the exosome-treated group,
the number of senescent HDFs was reduced as indicated
in Figure 2b-c. It seems like exosomes of ADSC-CM
reverse senescence cells into normal ones.

Rb1 and FOXM1 protein expression
in HDFs after being incubated in exosomes of
ADSC-CM

To investigate which mechanism the exosomes
of ADSC-CM reverse senescent activity, we used ELISA
to determine Rb1 protein expression in HDFs. Our
results demonstrate that the average and median of Rb
protein expression in the control group were 0.04 + 0.01
and 0.03 + 0.01, respectively. Identically, the average of
the exosome-treated group (1 ug/ml) was 0.07 + 0.03,
and the median was 0.06 + 0.03. The results of the
normality assumption test for the control group were
fulfilled (p > 0.05) and the exosome-treated group
(1 ng/ml) was not fulfilled (p < 0.05). Thus, the Mann—
Whitney hypothesis test was carried out (Table 1).

Table 1: The statistical results of Rb protein expression using
Mann-Whitney analyses

Groups Average + SD* p-value
Control group (untransfected) 0.04 +0.01 <0.001
Exosome-treated group (1 pg/ml exosome) 0.07 £ 0.03

*SD: Standard deviation.
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Figure 2: Adipose-derived stem cells derived exosomes promote migration and shift senescence human dermal fibroblast (HDFs) into normal.
Image of the scratch assay on HDFs (a) and Sa-f3-gal detection after exosome treatment (b-c). The Sa-Bgal-positive cells were counted and

represented in figure ¢

Besides, we also evaluated FOXM1 protein
expression in HDFs after exosome treatment. The
results showed that the average of the control group
and the exosome-treated group was 2.52 + 0.54 and
4.13 £ 0.93, respectively, with p < 0.001. The exosome-
treated group, in which the senescent HDFs were fewer
than the control group, had elevated FOXM1 protein
expression (Table 2).

Table 2: Independent t-test results of FoxM1 protein expression

Groups Average + SD* p-value

252 +£0.54
4.13 £0.93

Control group (untransfected)
Exosome-treated group (1 pg/ml exosome)

<0.001

*8D: Standard deviation

Discussion

A previous study addressed that ADSC-CM
promotes collagen production and fibroblast
movement [16]. The promotion is affected by the
paracrine effect that helps ADSC and fibroblast to
communicate [18] and repair damaged neighboring
cells [16]. One of the communicators between cells
is the exosome. It has been reported to stimulate
the migration of fibroblast during wound healing
process [22]. Similarly, our result proved that exosomes
from ADSC-CM promoted the migration of HDFs.

Senescent HDFs have a morphological
change, for example, the size of the cell is bigger,
flat, and had a vacuole and many nuclei [23]. Some
senescent markers that are usually used are Sa-f-
gal enzyme detection, p16™*, p53, p21°"", Rb, and
FOXM1 [24].

ADSCs have regenerative ability because
they can secrete growth factors, differentiate, exhibit
immunosuppressive ability, and promote homing to
wound areas [19], [20]. Their mechanism might be
caused by paracrine activity. The use of conditioned
media to substitute the cells will avoid hypersecretion of
growth factor, thus, it will minimize patients from getting
the risk of paracrine effect [18], [20].

Senescence in HDFs happens when the cells
are arrested from the cell cycle in the late G1 phase.
This state can keep damaged cells from experiencing
proliferation [25]. It has been reported that exosomes
from ADSC-CM may shift this condition into normal
because they work as pro-survival by triggering cell
cycle in HDFs [26].

In the cell cycle system, Rb protein works
together with p53. The disruption of their pathway leads
to senescence, inhibition of cell cycle progression, and
apoptosis. If their pathway is inactivated, cells will lose
the antitumor mechanism and undergo proliferation.
When the cells are in a senescence state, Rb protein
and p53 expressions escalated [27]. It has been
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reported that exosomes from ADSC-CM can also
stimulate the proliferation of fibroblasts [26]. In our
finding, more than half of all senescent HDFs can be
reverted into normal cells. This program seems to be
encouraged by the exosome that reactivates Rb protein
expression after the stress signal. Additional research
to turn all senescent HDFs into normal is still needed.

The Rb might be suppressing FOXM1 by
binding directly to its central domain and inhibits
its transcription [28]. However, Cyclin D1-CDK4
phosphorylates Rb. Therefore, Rb repression can be
decreased and FOXM1 transcription at the G1/S phase
increased [29], [30].

FOXM1 is only found in proliferative cells.
During the cell cycle, the FOXM1 transcriptional
activity is upregulated and congruent with
its phosphorylation that is regularly altered.
Hypophosphorylation of FOXM1 protein is controlled
over the G1/S phase. From the S phase to the
G2/M phase transition, the phosphorylation elevated
then it reaches the peak status in the M phase. In the
late M phase, the protein will be dephosphorylated.
Kinases and their positive feedback loops manage
those processes [28]. We reported that FOXM1
protein expression was escalated by exosomes from
ADSC-CM. The existence of FOXM1 induces other
genes that support cell division at the G1/S phase
and suppress senescent cells [31]. However, FOXM1
expression is downregulated in the senescent
fibroblast [23].

Conclusion

It appears that the exosomes from ADSC-CM
stimulate migration and reversal of senescent HDFs,
and are mediated by the increased expression of Rb1
and FOXM1. The limitation of this study was about the
donor of ADSC and HDF that were from one subject
only. In the imminent future, further research should be
allocated to unravel the processes by which exosomes
promote Rb1 and FOXM1, thus exosomes can be
developed as novel drugs targeting aging.
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