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proceeding will be beneficial in keeping dental and medical professionals apprised of the
most recent scientific developments.
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Preface

Faculty of Dentistry Universitas Trisakti (Usakti) presents FORIL XIII 2022 Scientific
Forum Usakti conjunction with International Conference on Technology of Dental and
Medical Sciences (ICTDMS) on December 8th—10th 2022. The theme of the conference is
“Quality Improvement in Dental and Medical Knowledge, Research, Skills and Ethics
Facing Global Challenges”.

The triennial conference has served as a meeting place for technical and clinical studies on
health, ethical, and social issues in field medical and dentistry. It is organized around
12 major themes, including behavioral, epidemiologic, and health services, conservative
dentistry, dental materials, dento-maxillofacial radiology, medical sciences and technology,
oral and maxillofacial surgery, oral biology, oral medicine and pathology, orthodontics,
pediatrics dentistry, periodontology, and prosthodontics.

The most recent findings in fundamental and clinical sciences related to medical and
dental research will be presented in the conference that will be published as part of the
conference proceeding. This proceeding will be useful for keeping dental and medical pro-
fessionals up to date on the latest scientific developments.

Dr. Aryadi Subrata
Chairman FORIL XIII conjunction with ICTDMS
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ABSTRACT: To elucidate the effect of oxidative stress on fibroblast gells, it 1s crucial to
create an oxidative stress model in research in vitro as close to the naturgl pathologic con-
dition. The objective of this study is to evaluate compounds used as oxidative stress inducers
on fibroblast cells, the concentrations used, and the signaling pathways investigated. This
research’s systematic review method was based on the PRISMA giilelines and used the data
basis on PubMed publications from 2020 to 2022. There were 431 records identified.
Postscreening, there were 179 records left, and 81 passed hs eligible, then after the final
screening, there were 30 articles included in this re , and from each of the article,
information about compound names. compound cencentrations used, and pathways that
were investigated were collected. From 30 records, ;ﬂdmgen peroxide (H,05) was the most
used compound to induce oxidative stress, [ d by type B ultraviolet (UVB). 1ype A
ultraviolet (UVA), and tumor necrosis factor-alpha (TNF-z). The most used concentration
for H20: was at 100-200 uM, meanwhile for UVB, intensity was at 10-1000 tqu]'f::m The
most used signaling pathway m the péeords was the nuclear factor kdp;l—llght—chmn—
enhancer of activated B cells (NFkB), folfowed by mitogen-activated proteinkinase (MAPK)
and nuclear factor erythroid 2-related fm.mr 2 (Nrf2). The compounds, gencentrations, and
pathways that were used/investigated on each of the records differ depending on the study’s
design based on the study’s abjective created by the respective resqgrchers.

-l
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1 INTRODRUCTION" v
Fibroblasts dreﬂ'le most common connective nsmeogji-rype in animals, exhibiting elongated

morph apd extensive cell processes with . spndlc -like shape (Yin et al. 2022). These
cells play” rtant roles during tissue development, differentiation. and repair in many

organs. In the proliferative phase of the wo ﬂmlmg process. for example, fibroblasts will
proliferate in the wound area and synthesize collagen fibers and other protein matrixes,

hﬁ%ﬂll cover the wound (Tarin & Creft 1969). Because fibroblasts play many important
roles, and it is easy to be cultured m”’ vitro, these cells often are used in many studies to
investigate disease pﬂthugem?sns [’Iﬁnn & Croft 1969; Tomasek et al. 2002).

Injuries can be caused by bial infections, physical factors, chemicals, or hypersensi-
tivity reactions, when they occur, the body will react to these stressors. This is simply what is
known as the inflammatory state (Cohen & Hargreaves 2011). The inflammatory state
increases cellular metabolic reactions. The waste products of the metabolic process are known
as reactive oxygen species (ROS). The ROS is a combination of oxygen groups that are
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partially reduced metabolites, like superoxide and hydrogen peroxide. The presence of ROS in
cells can help fight pathogens by acting as a trigger for the activation of intracellular signaling,
for example, in triggering phagocytosis (Patel et al. 2018). Oxidative stress is a condition in
which there 1 an overproduction of ROS. surpassing the production of antioxidants. This
condition can interfere with the function of cells and cause tissue damage (Janda et al. 2016).

There are still many oxidative stress effects that are still unclear or unknown. To elucidate
the effect of oxidative stress on fibroblast cells, the researcher must baf'ﬂ_bif: to create an
oxidative stress model in vitro, as close to the natural pathologic ¢gndition. Hence, this
systemic review aims to evaluate compounds used as oxidative stres§ inducers on fibroblast
cells. the concentrations used, and the signaling pathway investigiited in some studies from
PubMed within a certain timeframe. We believe this is the figsl scoping review 1o enlist the
compounds used to induce oxidative stress on fibroblast ce]]s '

s

{
2 METHODS |
7

1 Eligibility criteria 4

bt

Studies were considered to be eligible for inclusion if the method(s) or aim(s) of the studies
included inducing ROS on fibroblast cells in vitro. The studies must mention at lgast one
compound, protein, or energy with i s¢, concentration, or intensity used as the technique
to induce the ROS in fibroblast c turE An electronic search strategy with combined key-
words and indexing »mahulap;,gMcSH terms) was conducted in the PubMed database on
the Advance search interfacg’ The following search terms were used: ‘ROS’ and “fibroblast
cell’. From 2020 to 2022 and only English-written articles are lm.]udgi

A
2.2 Study selectiomand quality assessment .

The search and selection process is shown in Figure 1. Theré were 431 records identified
using the f}\]&;_ngmc search strategy. Review articles, nc:_l__t_lfull text, and duplication were then

45%":' o
p. Records database
# sesrching (o= 431)
x
i Records after scresaed
(=178
Full-text
fior eligibility (n=43)
£ 3
% Stuclies fAnal screen and
- inciuded (o=30)

Figure 1. The flowchart of depicting the sysiematic selection and exclusion of articles related to the
topic.
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removed, making only 179 records remain. The off-topic articles were then discarded. and
only the articles deemed appropriate were assigned for full-text evaluation (n=30,
Supp. Table). The exclusion reasons of the articles are: studies not on human fibroblast cells,
no exact concentrations or intensity mentioned in the methods, the studies were off-topic, no
clear distinction on how to induce the ROS level, articles are review articles. editonals,
comments, or abstract only.

2.3 Data extraction and analysis

The information regarding reference names, studies’ objectives, information about com-
pound names used to induce ROS, compound concentrations used, and pathways that were
investigated was collected. From the database collected, methods of how to induce ROS and
the signaling pathway investigated were summarized. The data collected were then
discussed.

3 RESULTS A

From 30 articles collected, 11 of them used H,0- as the ROS Inducer to create oxidative
stress on fibroblast cells. The second most used method 14 induce ROS was UVB induction,
followed by UVA induction and TNF-z (reatmentsas. the third and fourth most used
methods to create oxidative stress (Table 1). Or 11 _iﬁia:les that used H-03, 8 articles used a
concentration ol around 100-200 M, and 3 articles used a concentration ol more than 200
pM. Meanwhile, 7 articles used UVB inductibn, 6 drticles used an intensity around 10-
1000 mJ/em?, and 1 article used an imcnsilg{vf more than 1000 mJ/em® (Table 2). The most
investigated signaling pathway was the NFKRB signaling pathway, with an n value of 11. The
second most investigated pathway from 30 articles was MAPK and Nrf2 signalipg pathway
{Table 3). r 4 !

r
&

V.,

Table 1. The list of m!;,l,hmia used (o induce oxidative stress.

F

No Methods used for ROS induction 2 n

HA(3 1
UVB

UVA

TNF-u

Particulate matter (PM)

coC12 [

LPS

Bacteria lysate

Alendronate spdivm salt trihvdrate

Qi NADPH

# Total 3

e = =—

A

-0 - R

=
= el o N B |

Table 2. The concentrationaséd by the two most used methods for ROS induction.

No Cui'_;fpuund name Concentration n
=200 M 3

2 UVB 10-1000 mliem” 6
> 1000 mifem? |
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Table 3. The list of pathways that were investigated among the records.

Z
'

Pathway n

NfKb 1
Nrfi2

MAPK

Akt

RANKL

TGF-g1/SMAD v

bax bcl-2 pathway
aMPK/Sirt]

P S e A Sy

90 =] O LA e e b e

Total

g

4 DISCUSSION ,/ >

Fibroblasts play an important role during tissue development, differentiation, and re‘pmr in
many organs. Fibroblasts are capable nf ucmg ROS during the prul:femlng“ﬁhdw as
are neutrophils and macrophages, but an exg€ssive increase in ROS production ¢in affect the
proliferation process (Janda et al. 2016). This makes fibroblasts a very mlpﬂmml target cell

in healing therapy (Rodriguez et al. 2019).
Oxidative stress occurs whenthe géll's ability to eradicate the free m!.ii'als i$ less than the

degree of free radicals fonm!inﬁ:"" self (Pizzino et al. 2017). Left unchecked, this imbalance
can create problems, such astfiggering or progressing some diseases Tike diabetes, cancer, or/
and metabolic disorder (Taniyama, Y., & Griendling 2003). However. recent studies also
showed that with the rightdegree of ROS level and accurate pxidative stress exposure time, it
can be beneficial for the treatment of some cancers (Deppet al. 2003; Ward 1988). These
opposite findings proved that there are still many parts to-be unveiled in the ROS-oxidative
stress condition. Hénce, it is important to be able to.create an oxidative stress model in vitro
as close as pfﬂiﬁf to the clinical condition. &

The re@lt of this study showed that maost 'of the records collected used H-0- to
create mgﬂmwe stress. In human cells, mitochondria become the main producer of
ROS, both durlng healthy conditions alﬁl p:tlhulcgl-:., conditions (Pizzino et al. 2017).
The H,0; is produced when mlmchuﬁﬂnd produce ATP, which will generate super-
oxide (O, ) as the byproduct. Theshperoxide will be generated H,0,, which will (in
normal circumstances) be hyd ed by antioxidants such as glutathione peroxide to
become water (Choi & Kim 2019). The compound of H-0: i1s considered to be dif-
ferent among common toxins, because H20: has high stability in inorganic environ-
ments and neutral pH, yet can eliminate any type of cells by creating very reactive
hydroxy radicals (Mahaseth & Kuzminov 2017). This is why H;O5 is commonly used
to induce oxidative stress.

The second and third most used method to induce ROS 1s exposure to UVB and
UVA. Naturally, ultraviolet radiation by the sun made the Tact that most humans on
this planet have been exposed to it (De Jager et al. 2017). The UV radiation will afTect
the catalase enzyme, which will induce the expression of nitric oxide synthase (NOS),

which is one of the free radicals that, if left unchecked, can induce oxidative stress
{ Briine et al. 2003). The difference between UVA and UVB is in its wavelength. Because

they proved to be able to create oxidative stress, both contributed to the development of
skin aging and skin cancer (Amaro-Ortiz et al. 2014), Because fibroblasts are the most
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common cells found in connective tissue, many studies investigating the progress of skin
disease used UV as the inducer of oxidative stress (Dare et al. 2020; Lion et al. 2021;
Zhang et al. 2020).

The following method used the recombinant protein of TNF-a. which 18 a proin-
flammatory cytokine that played a major role in the inflammation process (Jang et al. 2021),
Inflammation is a nonspecific immune response as a reaction to all types of injury caused by
microbial infection, physical factors (trauma, radiation, and temperature), chemicals (irn-
tant and corrosive chemicals), as well as tissue necrosis and hypersensitivity reactions (Tania
2018). Cross talk is commeon to occur in inflaimmation conditions, some signaling pathways
can be activated by TNF-a, such as the Nrf2 pathway. which can lead to upregulation of
ROS production and cause oxidative stress in high concentration [Kim?ml. 2010; Wang
et al. 2020).

The most investigated pathway was the NFkB signaling pathway, which is one of the
major pathways of inflammation and immunity (Morgan &_ iu 2011). This signaling
pathway interacts with ROS production in many ways, and ROS plays a role in enhancing
the transcription factors family that formed the NFkB pathways (Takeda et al. 1999;
Teramoto et al. 1999). This signaling pathway is not uul_'.;s%g&gulaliug the ROS production
but also activated to promote the cell's survival from™oxidative stress damage (Reuther-
Madrid et al, 2002; Tang et al. 2002), These broad &ffects from the crosstalk of the NFKB
signaling pathway’s proteins and ROS made thJs thway the most investigated ﬁigygt_ling
pathway.

The second most investigated pathways in this study are Nrf2 and MAPK. 'I'l'bmd’f'(mt.ﬂk
between signaling proteins can create am intricate web of pathways of activation’ and deac-
tivation of other proteins that lead to m¥any biological processes. The Nri2 and MAPK
signaling pathways are examples of thesé crosstalks. The increasing level oEROS in oxidative
stress conditions will activate the ERK-MAPK signaling proteins lha_}-’]ead to cell death
(Wang er al. 2017). Because i}%ﬁly always tries to reach hummhtu. conditions, with a
high level of ROS, Nri2 signaling pathways will also be activated, for induce the upregulation
of antioxidants, which will peduce the ROS level and exenludlly eliminate the oxidative stress
condition (de Vres'et al. 2008; J. Wang er al. 2017). With tbg,m opposite functions, MAPK
and Nrf2 signaling pd‘yﬂna}ra can be used as the biomarkers of the certain condition caused
by oxidative stress. v,

Ay o

5 ("GHCLU%IDN g

dmg on the objectives of the Sll.l.d.lfg the methods and pathways investigated were
different among the records. The signaling crosstalk intricate web of proteins that can be
activated by ROS or in oxidative Siréss conditions in fibroblast lead to broad subjects that
still need to be investigated. Thtﬁiﬂsn leads to the many methods to induce the ROS itsell.
It seems that the researchers cannot determine the exact parameter for the oxidative
stress condition in fibroblast, hence there 1s still not enough data to support the creation
of oxidative stress as close as the natural pathologic condition, at least at the cell
culture level.
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