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Abstract: Exposure to ultraviolet-B (UV-B) radiation can elevate free radical levels due to
an imbalance between reactive oxygen species (ROS) production and antioxidant enzyme
activity, particularly catalase. Elevated free radicals induce oxidative stress, initiating an
inflammatory response via the nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-kB) pathway and subsequently triggering the release of pro-inflammatory
mediators. Recent studies suggest that exosomes derived from mesenchymal stem cells
(E-MSCs) contain bioactive molecules with antioxidant and anti-inflammatory properties.
Administration of E-MSCs has been reported to suppress pro-inflammatory mediator
release, demonstrating potential as a therapeutic agent for photoaging skin. This study
aimed to evaluate the effects of subcutaneous E-MSC (E-MSC) injections on NF-kB (P65)
expression and catalase enzyme levels in the skin of male Wistar rats subjected to
premature aging induced by UV-B exposure. An in vivo experiment employing a
randomized post-test-only control group design was utilized, involving five treatment
groups. Data were statistically analyzed using the Kruskal-Walls test for NF-kB expression
and One-Way ANOVA for catalase enzyme levels. Results indicated significant differences
among groups in NF-kB (P65) expression (p=0.005) and catalase enzyme activity
(p=0.001). Specifically, subcutaneous administration of EH-MSC at doses of 200 uL and
300 pL significantly reduced NF-kB (P65) expression and enhanced catalase enzyme
activity, suggesting a protective role against UV-B-induced skin aging in Wistar rats.

Keywords: Exosome Mesenchymal Stem Cell (E-MSC); NF-kB (P65) Expression;
Catalase Enzyme Expression

INTRODUCTION

Ultraviolet B (UV-B) radiation that continuously exposes human skin can
cause chronic inflammation that results in a decrease in collagen in the skin.' UV-
B exposure can cause increased levels of free radicals due to an imbalance
between reactive oxygen species (ROS) and antioxidant enzymes such as
catalase.? An increase in free radicals causes oxidative stress that leads to an
inflammatory response through the NF-kB pathway and triggers the release of
inflammatory mediators.® An increase in free radicals causes oxidative stress that
leads to an inflammatory response through the NF-kB pathway and triggers the
release of inflammatory mediators.* Recent research states that Exosome
Mesenchymal Stem Cell (E-MSC) contains molecules that act as antioxidants and
anti-inflammatory as E-MSC injection at a dose of 100uL subcutaneously can
prevent the release of pro-inflammatory mediators and become a potential agent
for treatment of skin that undergoes photoaging.>® However, the role of Exosome
Hypoxia Mesenchymal Stem Cell (EH-MSC) injection at doses of 200 pyL and 300
ML on catalase and NF-kB p65 levels in collagen loss mice exposed to UV-B has
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not been studied. This prompted the study to examine the effect of EH-MSC on
catalase and NF-kB p65 levels in collagen loss mice exposed to UV-B.

Epidemiological studies have consistently shown that the prevalence of
collagen loss due to UV-B exposure tends to increase, especially in regions with
high levels of sun exposure including Indonesia.” Populations that live in tropical
areas or that are often exposed to direct sunlight have a greater risk of significant
collagen loss. This high prevalence can be found in various age groups, ranging
from young to old. Standard therapy for skin conditions that experience collagen
loss due to UV-B exposure uses hyaluronic acid (HA), however the role of HA is
limited to hydration and structural integrity of the extra-cellular matrix (ECM)
creating a supportive environment for collagen synthesis and maintenance, but
does not stop the inflammatory and oxidative stress problems that are the source
of collagen loss problems.® This will cause a relapse in collagen loss if you stop
using HA.®

Exposure to ultraviolet B light triggers the molecular pathway leading to
suppression of catalase capacity and increased expression of nuclear factor
kappa beta (NF-kB) p65.2'° The NF-kB transcription factor regulates various
aspects of innate and adaptive immune function and functions as an important
mediator in the inflammatory response, NF-kB p65 is capable of inducing the
expression of various pro-inflammatory genes, including those encoding cytokines
and chemokines, and also participates in inflammatory regulation.' NF-kB also
regulates the activation of the antioxidant enzyme Catalase. UV B radiation
stimulates the production of ROS in skin cells, creating oxidative cells that affect
antioxidants including catalase. In addition, ROS plays a role in the activation of
the NF-kB pathway thereby increasing the expression of pro-inflammatory genes
as pro-inflammatory cytokines, this contributes to inflammation and immune
response. Recent research has found that NF-kB expression can suppress
catalase activity so that inflammation that occurs continuously due to UV B
exposure will reduce catalase levels so that ROS levels will increase and oxidative
stress will decrease.’"?

Mecenchymal stem cell exosomes contain various types of micro RNA and
cytokines that play an important role in relieving inflammation.’ MiRNAs such as
miR-146a, miR-155 and miR-21 have been identified as key regulators in
controlling the inflammatory response. miR-146a and mir-155 have a role in
suppressing TNFa expression and regulating the NF-kB pathway, whereas miR-
21 is involved in reducing oxidative stress.'*%'6 |n addition, MSC exosomes also
contain anti-inflammatory substances such as interleukin-10 (IL-10) and pro-
inflammatory cytokines that are carefully regulated to manage the balance of
immune and inflammatory responses.’” Meanwhile, in the MSC condition, which
goes through the process of hypoxia conditions, it can promote better cell
proliferation and maturity through the release of several growth factors in the
medium than in the normoxic medium (NM) condition.'® Existing therapies for UVB-
induced skin aging primarily focus on hydration (e.g., hyaluronic acid) and
antioxidant supplementation, which do not address underlying molecular pathways
such as NF-kB signaling. Limited research has explored the role of hypoxia-
preconditioned MSC exosomes in modulating inflammation and oxidative stress
markers in vivo. This study is unique in evaluating the dose-dependent effects of
EH-MSCs on oxidative stress and inflammation markers, specifically NF-kB (p65)
and catalase, in an in vivo UVB-induced skin aging model. These findings could
advance the development of regenerative therapies for skin aging, providing a
novel, non-invasive alternative to current antioxidant-based treatments.

MATERIAL AND METHOD

Research This study is an in vivo experimental test with mice that
experience collagen loss due to exposure to UVB rays as the research subject.
The research design used in this study is Randomized Post Test only Control
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Group Design. This study consisted of 5 treatments. The doses of 200 yL and 300
ML were chosen based on prior preclinical studies indicating optimal anti-
inflammatory and antioxidant activity in vivo, without adverse effects.>¢ NF-kB
(p65) was selected as a marker due to its pivotal role in mediating inflammation
and oxidative stress pathways. Catalase was chosen for its critical antioxidant
function in neutralizing reactive oxygen species (ROS) generated by UVB
exposure.’®

Tools and material

UV light (broadband with peak emission at 302 nm) with energy of 150 mJ/cm?,
razor, exposure cage, maintenance cage, rat drinking water bottle, hair clipper,
vacutainer, hematocrit tube, 6 mm biopsy punch, centrifuge, micropipette 1, 1000
ML micropipette tip, vial tube 1.5 mL, PCR machine illumina, ELISA CAT Kkit,
microscope, Sstaining jar, coated desk glass, cover glass, laptop. Ketamine,
xylazine, ethanol, aquades, oform, p65 primer, ELISA CAT kit. Equipment used in
MSC culture and exosome isolation includes BSC, CO2 incubator, centrifuge,
uPulse tangential flow filtration and TFF filtration membranes measuring 100 kDa
and 500 kDa used for exosome isolation from MSC culture medium. The tools used
for MSC and EH-MSC validation include Flowcytometer, inverted microscope,
incubator. Other equipment used includes micropipettes, centrifuge tubes, cell
culture plates, beher bottles, shakers, pH meters, autoclaves and UV lamps.

The materials used in the study included culture materials consisting of DMEM,
Fetal Bovine Serum, Phosphate Buffer Saline, Antibiotics and antifungals, culture
flasks, centrifuge tubes, pipette tips. Materials used for exosome insulation include
NaCl, and Aquabidest. The research materials needed in the process of making
animal models and sampling include 70% alcohol and sterile cotton, ketamine,
xylazine, vial tubes, RIPA buffers and bisturi knives. Materials required for ELISA
analysis include Elisa Kit Rat Catalase and RT — PCR for NF-kB (p65) expression
examination.

MSC isolation procedure from umbilical cord

The entire process is carried out in a class 2 biosafety cabinet, using sterile
equipment and done with high sterility techniques. Umbilical cords are collected in
a transport medium. Using tweezers, the umbilical cord is placed onto the petri
dish, the umbilical cord is washed thoroughly using PBS. The umbilical cord is cut
and the blood vessel is removed. The umbilical cord is finely chopped and placed
on the 25T flask evenly, let it sit for 3 minutes until the tissue is attached to the
surface of the flask. A complete medium consisting of DMEM, fungizone, penstrep,
and FBS) is added slowly until it covers the tissue. The explant is incubated in an
incubator at a temperature of 37°C and 5% CO2. Cells will emerge after
approximately 14 days from the beginning of the culture process. Replacement of
the medium is carried out every 3 days by removing half of the medium and
replacing it with a new complete medium. Cell maintenance is carried out until the
cell reaches 80% confulness. Then the cells are harvested (passage) for
propagation, passage 1 of the confluent is then subcultured until passage 4,
condition medium is collected after the cells reach 70% confluence or more.
Isolasi exosome MSCS hypoxia

The condition medium that has been collected from passage 4, then in a centrifuge
of 300xg for 5 minutes to remove the cells, then in a centrifuge of 200xg for 30
minutes to remove debris. Supernatant that has been centrifuged is then filtered
by the TFF (Tangential Flow Filtration) method using sterile hollow fiber polyether-
sulfone membrane 10, 50, 100, 500 kD. MSC that has reached 80% confluence is
added complete medium up to 10 mL. The flask that has contained the MSC is
then placed in the hypoxic chamber. Nitrogen gas is delivered through an inlet
valve and an oxygen meter is placed in the sensor hole to measure the oxygen
concentration in the chamber. Nitrogen is added until the indicator needle shows a
concentration of 5% oxygen. The chamber that has been filled with flasks is
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incubated for 24 hours at a temperature of 37°C. Hypoxia conditioning was
achieved by incubating MSC cultures in a chamber with 5% oxygen concentration
for 24 hours, enhancing the secretion of exosomes enriched in miRNAs and growth
factors.? After 24 hours, the culture medium was taken and filtered using TFT with
100-500 kDa to obtain EH-MSC which was then in accordance with the P1 and P2
doses. Wash 2 times with stain buffer (PBS) and resuspension with 300-500uL
stain buffer (PBS) or 1 wash buffer (FBS). Read in flow cytometry use tubes 1-5 as
controls for setting up cytometry (as compensation). Validation of EH-MSC content
using flowcytometry with surface markers in the form of CD63+, CD81+, CD9+.
The validated results containing EH-MSCs were stored in 2.5 ml tubes and stored
at 2-8 °C.

Tissue sampling

Tissue sampling for RT-PCR (p65) and CAT ELISA analysis was carried out on
the 29th day after the first day of treatment. The entire rat was first killed by
means of cervical dislocation before the tissue was taken. The tissue was taken
using a 6 mm punch biopsy on the skin exposed to UV-B. The tissue sample
was divided into two for deficiencies by soaking in 10% formalin for 24 hours
and to be inserted into RNA Later. The tissue is put into formalin for 24 hours
and then stored in a tube containing 70% and stored at room temperature until
the process of making paraffin preparate. The samples that are put into RNA
Later are then stored at a room temperature of -80°C until the RT-PCR and
ELISA analysis process.

Data analysis

The Kruskal-Walls test was applied for NF-kB (p65) due to non-normal data
distribution, followed by the Mann-Whitney test for pairwise comparisons. One Way
ANOVA was used for catalase levels with Post Hoc Tamhane for non-
homogeneous data. Data analysis was carried out using SPSS 26.0 software in
the Windows desktop platform.

RESULTS AND DISCUSSION

Isolation of MSCs was carried out in the Stem Cells and Cancer Research
(SCCR) laboratory in Semarang, using umbilical cord of pregnant rats that were
21 days old. After isolation, the cells are cultured in petri dishes containing a
specific medium. After reaching the fourth passase, an image of the cell attached
to the base of the flask with spindle-like cell morphology was obtained in
microscopic observation (Figure 1).

Figure 1. MSCs passage 4 confluence 80% (40x magnification)

This study examined how subcutaneous injection of EH-MSC affected NF-kB p65
and Catalase levels in 36 male rats of the wistar strain who experienced collagen
loss due to UV-B exposure at a distance of 20cm with the intensity used was
1xMED (150mj/cm?) for 8 minutes carried out 10 times in 14 days to make the mice
a model of collagen loss. Validation of the formation of a collagen loss model in
mice macroscopic by looking at wrinkles on the skin of mice exposed to UVB
compared to mice exposed to UVB rays, Based on visual observations, it was seen
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that mice exposed to UVB had more pronounced wrinkles compared to mice that
were not exposed. As seen in Figure 2, in addition to macroscopic validation,
validation was also carried out microscopically using Masson Trichome staining to
evaluate collagen density in UVB-exposed mice. The results of the painting
showed that there was a decrease in collagen density after UVB exposure.

Figure 2. Collagen Loss Validation. Wrinkles were more pronounced in mice
exposed to UVB (B) compared to those not exposed (A). Collagen shown in blue
(black arrow) was less visible in the group exposed to UVB (D), compared to the

group without UVB exposure (C)

Rats without UVB exposure were used as healthy controls (K1), while
rats that experienced a decrease in collagen density due to UVB exposure
were randomly divided into 4 treatment groups as follows: K2 (mice exposed
to UVB and given 200pL injection of 0.9% NaCl subcutaneously), K3 (rats
exposed to UVB were given Hyaluronic Acid injection at a dose of 200 uL
subcutaneously), K4 (rats exposed to UVB were given subcutaneous
injection of EH-MSC at a dose of 200 uL subcutaneously), and K5 (UVB-
exposed rats were given subcutaneous injection of EH-MSC at a dose of
300 uL subcutaneously). EH-MSC injection was given 1 time on the 21st
day and tissue sampling was done on the 29th day. The tissue was then
homogenized using RIPA buffer with inhibitor protease inhibition. After the
tissue formed the suspension, centrifugation was carried out and
supernatants were collected for analysis of NF-kB p65 expression by RT-
PCR and Catalase using the ELISA method.

The analysis data of NF-kB p65 expression and catalase enzyme
levels listed in table 1 were tested for normality in each NF-kB p65
expression group and catalase enzyme levels. The results of the analysis
showed that the expression of NF-kB p65 was abnormal because there
were several groups whose results were obtained <0.05, but the levels of
catalase enzyme were normally distributed with a value of p>0.05. So that
from these results, only the level of the catalase enzyme was tested for
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homogeneity. Based on the results of the normality test in table 1, the data
on catalase enzyme levels were normal and homogeneous, then using the
One Way Anova test, significant results were obtained with a value of
(p<0.05), meaning that the data on catalase enzyme levels were statistically
different and meaningful. This shows that the administration of EH-MSC has

an effect on the level of catalase enzyme.

Table 1. Results of Average Analysis, Normality Test, Homogeneity Test on NFkB

Expression, and Catalase Enzyme Levels

: K1 K2 K3 K4 K5 Sig (p)
Variable N=6 N=6 N=6 N=6 N=6
NF-kB p65
Expression
Mean 1.00 3.30 1.59 0.92 0.63
Std.deviasi 0.00 1.19 1.22 0.33 0.29
Shapiro Wilk 0.167* 0.810* 0.012 0.006 0.016
Lavene Test 0.000
Kruskal Wallis 0.005***
Catalase Levels
Mean 10.84 5.37 12.46 14.16 16.78
Std.deviasi 1.70 0.39 1.88 0.63 0.77
Shapiro Wilk 0.174* 0.453* 0.575* 0.134* 0.511*
Levene Test 0.001
One Way Anova 0.001***

Table 2. Differences in NF-kB p65 Expression Between 2 Groups

Groups P Value
K1 vs K2 0.004*
K1 vs K3 0.747
K1 vs K4 0.330
K1 vs K5 0.009*
K2 vs K3 0.053
K2 vs K4 0.004*
K2 vs K5 0.004*
K3 vs K4 0.746
K3 vs K5 0.053
K4 vs K5 0.104
*Man Whitney Test with a significant value of p<0.05
Table 3. Differences in Catalase Levels Between 2 Groups
Groups P Value
K1 vs K2 0.004*
K1 vs K3 0.805
K1 vs K4 0.035*
K1 vs K5 0.001*
K2 vs K3 0.003*
K2 vs K4 0.001*
K2 vs K5 0.001*
K3 vs K4 0.556
K3 vs K5 0.015*
K4 vs K5 0.001*

*L.SD Post Hoc Test with a significant value of p<0.05

The NF-kB p65 expression data was abnormal and not homogeneous, so
a Non-Parametric test was carried out, namely the Kruskal Wallis test, which
obtained significant results (table 3). The significant reduction in NF-kB (p65)
expression in the K4 and K5 groups indicates that EH-MSCs effectively suppress
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ROS-mediated activation of inflammatory signaling pathways (figure 3). This aligns
with the known role of miR-146a and miR-21 in inhibiting NF-kB activation.?!

= Healthy (K1)
Negative (K2)
HA (K3)
EH-MSC 200pL (K4)
= EH-MSC 300pL (K5)

. I *p=<0.05, ~p<0.01, *“p<0.001

Figure 3. Average NF-kB p65 Expression graph

u Healthy (K1)
Negative (K2)
HA (K3)
EH-MSC 200pL (K4)
» EH-MSC 300pL (K5)
*p<0.06, **p<0.01, ***p<0.001

Figure 4. Average Catalase levels
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Data on catalase enzyme levels that have significant differences after
being tested parametrically in One Way Anova. Furthermore, to evaluate
the difference between the two treatment groups, a Post Hoc Tamhane test
was carried out because the data was normal and not homogeneous as
shown in table 2. The dose-dependent increase in catalase levels in the EH-
MSC-treated groups highlights the exosomes’ ability to enhance antioxidant
defenses. This is likely mediated by miRNAs such as miR-155 and miR-200c,
which regulate catalase gene expression and ROS neutralization.?

The Photoaging process involves the skin's complex response to UV-B rays
that cause significant structural and molecular changes. UV-B exposure triggers
skin DNA damage, increases ROS production, causes oxidative stress and
stimulates collagen loss leading to premature skin aging.® UV-B exposure causes
oxidative sress in the skin, activating the NF-kB p65 signaling pathway.?

Exosomes of mesenchymal stem cells (MSCs) have been an interesting
subject of research in regenerative therapy because of their potential to stimulate
tissue regeneration and regulate the immune response.?* Among the components
contained in these exosomes, miRNAs play a key role in mediating the anti-
inflammatory and immunomodulatory effects of MSCs.?® miR-146a, miR-155 and
miR-21 were identified as key regulators in controlling the inflammatory response.
miR-146a and miR-155 have a role in suppressing the expression of pro-
inflammatory cytokines and regulating the NF-kB pathway, whereas miR-21 is
involved in reducing oxidative stress.™ This is important because NF-kB activation
is linked to the production of pro-inflammatory cytokines.

Meanwhile, the NF-kB pathway is one of the signals involved in the
regulation of expression and pro-inflammatory genes. Exosomes MSCs can
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contain MmiRNAs that inhibit NF-kB activation. In addition, through NF-kB
regulation, exosomes can also affect the expression of the CD86 gene and lead to
decreased M1 resistance so that M2 increases in macrophages.? The suppression
of NF-kB (p65) expression observed in EH-MSC-treated groups is consistent with
the miRNA-mediated inhibition of pro-inflammatory cytokines. miR-146a and miR-
21, found in MSC exosomes, likely downregulate NF-kB transcriptional activity,
thereby reducing inflammation.?® Additionally, the increase in catalase levels
suggests that EH-MSCs enhance antioxidant defenses by upregulating catalase
gene expression via miR-155 and miR-2.%"

This study showed that the level of catalase enzyme experienced a very
significant increase compared to the negative control group. Then in NF-kB
expression, p65 experienced a significant decrease compared to the negative
control group. This shows that EH-MSCs have an influence on CAT levels and NF-
kB p65 expression. This is because EH-MSCs have great potential in modulating
the activity of antioxidant enzymes including catalase through miRNA content.?
Some of the miRNAs in EH-MSCs are known to have an important role in
increasing the activity of the catalase enzyme and regulating cellular antioxidant
defenses. For example, miR-155 is involved in the regulation of the response to
oxidative stress and can modulate genes associated with anti-oxidative activity,
including the enzyme catalase. In addition, miR-21 plays a role in various cellular
processes such as proliferation, apoptosis and response to oxidative stress, and
can affect the expression of antioxidant enzymes.?® miR-126 also has an important
role in angiogenesis and tissue regeneration, as well as in the regulation of anti-
oxidant defense mechanisms. Meanwhile, miR-146a reduces oxidative stress and
inflammation, which has an impact on enzymes such as catalase. Finally, miR-
200c, which is involved in the regulation of oxidative stress, has a modulating effect
on the expression of antioxidant enzymes.'3-"°

Each dose of EH-MSCs injected showed a decrease in NF-kB p65
expression and an increase in different levels of CAT enzyme, indicating that each
dose showed a different response to NF-kB p65 expression and CAT enzyme
levels, meaning that each dose had a different response to inflammation. When
compared between the two doses, at doses of 200 uL and 300 uL, the same can
reduce the expression of NF-kB p65 compared to the control group. Previous
research has stated that exosome-MSC therapeutics and how they work are
relevant for degenerative diseases, as well as the quality control measures
necessary for the development of exosome-derived therapies.*° These findings
align with Park et al. (2023), who demonstrated that exosome treatments reduce
oxidative stress markers in UVB-damaged skin models. However, our study
extends this by highlighting the dose-dependent effects of hypoxia-preconditioned
exosomes.

Previous studies reported that the overall secretome secreted by MSCs was
able to suppress inflammation as seen from the decrease in NF-kB p65
expression, in addition to that MSCs were known to be able to stimulate the
production of antioxidant proteins including catalase which can counteract ROS,
this is in accordance with this study which found a decrease in NF-kB p65
expression and an increase in catalase enzyme levels after EH-MSC exposure to
UV-B.

EH-MSCs offer a promising therapeutic approach for managing oxidative
stress and inflammation in skin aging. Future formulations could include topical
applications or injectable therapies targeting similar molecular pathways. This
study did not evaluate the specific miRNA or protein content of EH-MSCs, limiting
the mechanistic understanding of their effects. Future research should focus on
detailed profiling of exosomal cargo and its correlation with observed outcomes.
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CONCLUSION

This study demonstrates that hypoxia-preconditioned MSC exosomes significantly
reduce NF-kB (p65) expression and enhance catalase levels in a UVB-induced
skin aging model. These findings highlight the potential of EH-MSCs as a novel,
non-invasive therapeutic option for oxidative stress-related skin conditions. Future
studies should aim to optimize dosing regimens and investigate the translational
potential of EH-MSC therapies in clinical settings.
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	MSC isolation procedure  from umbilical cord
	The entire process is carried out in  a class 2 biosafety cabinet, using sterile equipment and done with high sterility techniques. Umbilical cords are collected in a transport medium. Using tweezers, the umbilical cord is placed onto the petri dish, ...
	Isolasi exosome MSCS hypoxia
	The condition medium that has been collected from passage 4, then in a centrifuge of 300xg for 5 minutes to remove the cells, then in a centrifuge of 200xg for 30 minutes to remove debris. Supernatant that has been centrifuged is then filtered by the ...

