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ABSTRACT

Objective: To analyze the effect of Robusta Coffee Bean Extract (RCBE) on Dental Pulp Mesenchymal Stem
Cells (DPSCs) culture in secreting cytokines, growth factors, and cell differentiation. Material and Methods:
DPSCs culture from premolar human teeth only and DPSCs culture from premolar human teeth given RCBE
with concentrations of 0.0625%, 0.125%, 0.25%, and 0.5% for 24 hours, 48 hours, and 72 hours. The secretome
of the DPSCs culture was examined for TNF-a, IFN-y, IGF, and VEGF, examination of SOX2 and Oct4, and
‘Wt differentiation markers by ELISA. Statistical analysis used ANOVA and continued with LSD. Results:
There was a significant reduction in the levels of TNF-a and IFN-y at 0.25% RCBE concentration at 72 hours
of immersion (p<0.05). Growth factor levels of IGF and VEGF increased when given 0.25% RCBE compared
to the other groups, and the differentiation markers SOX2 and Oct4 and Wnt also increased at a concentration
of 0.25% at 72 hours of immersion (p<0.05). Conclusion: Giving RCBE with a concentration of 0.25% can
reduce inflammatory cytokines and increase growth factors and differentiation markers in DPSCs cultures.
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B Introduction

The use of mesenchymal stem cells with herbal active ingredients is gaining popularity because of its
potential in repairing and regenerating periodontal tissue [1-37]. Mesenchymal Stem cell secretion bioactive
ingredients such as cytokines, chemokines, and growth factors can accelerate the healing process [4,57]. Herbal
active ingredients such as Robusta Coffee Bean Extract (RCBE) contain flavonoids, caffeine, phenolic compounds,
trigonelline, and chlorogenic acid. Indonesia is the 3rd largest coffee producer in the world, and nearly 64.4% of
Indonesia's population drinks coffee every day [1,6,7].

RCBE is an immunoregulatory agent mesenchymal stem cell (MSCs) that regulates and stimulates the
host's immune system to be active, as well as the active ingredients of RCBE as anti-inflammatory, antioxidant,
and antibacterial [87].

Recently, research on MSCs has shown that they play an important role in regulating the
microenvironment as an immunoregulator of immune cells through a paracrine pathway [9,107]. MSCs secrete
various cytokines and growth factors that modulate adaptive and innate immune cells [11,127. Dental pulp
Mesenchymal Stem Cells (DPSCs) culture that is added by RCBE generates secretome, which decreases
inflammatory cytokine and growth factor and differentiation [13,147]. Those results will replace damaged cells
and activate communication between cells [157. This paracrine pathway will stimulate stem cells” endogenous
by secreting soluble factors or bioactive ingredients in the periodontal tissue so it can accelerate healing [16,177].

Previous research stated that robusta coffee bean extract (RCBE) did not cause toxicity in DPSCs
cultures with a concentration of 0.0625% and 0.125% for 72 hours with the MTT test [187]. Martin et al. [1]
stated that the combination of the DPSCs stem cell secretome and robusta coffee bean extract can enhance the
markers osteocalcin (OCN) and alkaline phosphatase (ALP) in periodontitis-model rats. Robusta coffee bean
extract can accelerate wound healing on diabetic ulcers, reduce neutrophil cells, and increase fibroblast cell ulcers
[187.

DPSC had a fusiform shape, with a vast cytoplasm, a cell nucleus in the center, and a tapering tip. DPSC
surface expression indicators were observed using a flow cytometry (FCM) test to quantify and examine the
surface properties of the stem cells used in this study. The mesenchymal stem cell lineage markers CD90 and
CD105 were used as positive controls. In addition, the hematopoietic stem cell lineage markers CD34 and CD45
were used as negative controls [187]. This study aimed to analyze RCBE as an immunoregulator on DPSC

secretion cytokine and differentiation through the paracrine pathway.

B Material and Methods
Ethical Clearance

This research was approved by The Ethical Committee of Medical Research Faculty of Dentistry
University of Jember (No.2145/UN.25.8/KEPK/DU 2023).

Sample Criteria (Pulp Extraction from Human)
Human dental pulp with inclusion criteria: patients aged between 19-29 years, 1st premolars or 2nd
premolar for orthodontic treatment indications or 3rd mandibular molars for odontectomy indications, healthy

patients, free from infectious and contagious diseases.

DPSCs Culture Research Procedures
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Extracted intact teeth (less than 6 hours), washed 8 times with phosphate-buftered saline (PBS) (Gibco,
Thermo Fisher Scientific Inc., Waltham, MA, USA), cut on the cementum-enamel junction with dental carbide
bur (SS White Dental, Lakewood, NJ, USA) and high-speed (W&H Group, Biirmoos, Austria) until the pulp
chamber opens, immersing the tooth in cold PBS (Gibco, Thermo Fisher Scientific Inc., Waltham, MA, USA)
intermittently to avoid heating while cutting the tooth. Separate the pulp tissue from the pulp chamber with a
dental excavator. The dental pulp tissue is taken and transferred inside a tube containing a complete culture
medium. The intercellular bonds are then separated using pipetting. Furthermore, the pulp tissue was washed
twice by centrifugation (2000 g/min) for 10 minutes. After that, the supernatant was removed and the pellet
dissolved in a complete culture medium. Then put into the media solution containing collagenase type I
(Worthington USA) dispase and gentamycin were added (Gibco, Thermo Fisher Scientific Inc., Waltham, MA,
USA). MSCs were cultured with a-modified minimum essential medium eagle (dMEM) (Gibco, Thermo Fisher
Scientific Inc., Waltham, MA, USA) plus 15% fetal bovine serum (Biowest LCC, Riverside, MO, USA), 2 mM of
L-glutamine (Thermo Fisher Scientific Inc., Waltham, MA, USA), 100 mg/mL streptomycin (Thermo Fisher
Scientific Inc., Waltham, MA, USA), 2.5 pg/mL fungizone (Thermo Fisher Scientific Inc., Waltham, MA, USA),
and 100 IU/mL penicillin (Gibco Thermo Fisher Scientific Inc., Waltham, MA, USA) before being incubated at
37°C with 5% CO..

The cells were grown in six wells on a tissue culture plate at a concentration of 107 in each well. The
medium was changed on the 7th day and every 3 days thereafter. Observation of the cells was performed using
an inverted microscope (80X magnification). The cell culture used in the experiment was a cell culture that had
been harvested 2-3 times (passages). Then, do the calculation of the number of cells/ml with trypan blue
exclusion test using a hemocytometer (Assistant, Copens Scientific, Selangor, Malaysia) observed under a
microscope Leica DM 500 (Leica Microsystems Inc., Wetzlar, Germany) with a 20x objective. Cells were cultured
on 96well plates, and every well contained 1 x 106 cells/ml and incubated at 37°C and 5% CO, for 24 hours.
Immunofluorescence characterization was performed with CD105 FITC and CD35 FTIC (Becton, Dickinson
and Company, Franklin Lake, NJ, USA).

Preparation of Robusta Coffee Bean Extract

Production of coffee bean extract. Dried coffee beans that are in the city of Jember, Indonesia, then
aerated briefly and dried/dried in the sun. After that, the coffee beans were ground using a blender to obtain
coffee bean extract and then sieved to obtain a uniform 100 mesh size powder. For seventy-two hours, the powder
was immersed in a 1:5 ratio of 96% ethanol and mixed twice daily. The filter paper was used to create filtrate and
residue from the immersion results. A rotary evaporator was used to evaporate the filtrate and produce a viscous
extract. The extract with a concentration was diluted using aquadest and stored in a tightly closed container and
divided into five groups: 1) Control (DPSCs), 2) DPSCs with 0.0625% RCBE, 3) DPSCs with 0.125% RCBE, 4)
DPSCs with 0.25% RCBE, and 5) DPSCs with 0.5% RCBE.

Inflammation Test

TNF-a and IFN-y inflammatory assay and IGF and VEGF. Secretome stem cells plus robusta coffee
bean extract with various concentrations were put in 24-well plates and then incubated for 24- hours, 48 hours,
and 72 hours at 87 °C with 5% CO.. The supernatant from the media was taken and analyzed for TNF-a, IFN-
Y, IGF and VEGF levels using the ELISA kit.

’
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The ELISA kits are coated with monoclonal antibody specific, standards and test samples are added. 50
pL of standard solution is added to the standard well. Then, 50 pL of streptavidin-HRP is added to the sample
well and standard well. The plate is incubated for 60 minutes at 37 °C. Then, the seal is opened, and the plate is
washed using wash buffer. Add 50 pl of stopping solution to each well. Colorimetric absorption was recorded at

a wavelength of 450 nm with an ELISA reader.

Test differentiation

The differentiation test looked at the SOX2 and Oct4 and Wnt signal markers. Robusta coffee bean
extract with various concentrations added to stem cell media. Dental pulp stem cells were grown at a density of
2x10* cells and up to 80% growth and then fixed with 8% paraformaldehyde (Millipore) for 15 minutes. Then
incubated with Oct4(1:100 dilution), SOX2 (1:50 dilution), and Wnt (1:100 dilution) overnight at 4 °C. Samples
were washed three times in PBS (Gibco) and incubated with secondary antibody for 8 hours at room temperature.
Sections were washed thoroughly in PBS (Gibco) and counterstained with hematoxylin. The primary antibody

was replaced with PBS (Gibco) as a negative control.

Statistical Analysis
Data were analyzed using SPSS 26 software, with the ANOVA test followed by LSD with a significance
value of p>0.05.

B Results

This study confirmed that DPSCs have a fusiform shape with a tapered tip, a cell nucleus in the middle,
and a large cytoplasm commonly referred to as a fibroblast-like spindle formation based on observations of
morphological characteristics. These outcomes follow the past hypothesis, which affirmed that DPSCs, which

are mesenchymal foundational microorganisms, have a morphology like fibroblast cells (Figure 1).
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Figure 1. Morphology DPSCs culture. (A) Morphology DPSCs fibroblastic-like at passage 1; (B)
Morphology DPSCs fibroblastic-like until confluence at day 14

Using the flow cytometry (FCM) test, other characteristics were observed by analyzing DPSCs surface
expression markers. The FCM test revealed that CD105 was expressed but not CD35. Antibodies that are
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specific for CD105 are markers of the mesenchymal stem cell lineage. The specific antibodies CD35, on the other
hand, are indicators of the hematopoietic stem cell lineage. This study's findings are consistent with previous

hypotheses (Figure 2).
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Figure 2. Flow cytometry examination showed that the majority of the DPSCs subpopulation expressed
approximately 99.63% CD105 FITC and a minority of subpopulations expressed approximately 3%
CDss5 FITC.

TNF-a, IFN-y, VEGF, and IGF-1 levels in the control treatment and administration of robusta coffee
bean extract with concentrations of 0.0625%, 0.125%, 0.25%, and 0.5% with immersion times of 24 hours, 48
hours and 72 hours show that VEGF and IGF-1 levels at a concentration of 0.125% and 72 hours showed very
high results compared to the control and other treatment groups (p<0.05). Meanwhile, TNF-at and IFN-y at

concentrations of 0.125% and 72 hours showed low results compared to control and other treatment groups

(Figure 3).
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Figure 3. The results of TNF-a, IFN-y, VEGF, and IGF-1 levels in each control group and the robusta coffee bean
extract group from various concentrations and times showed a significant difference (p<0.05)
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SOX2, Oct4, and Wnt levels in the control treatment and administration of robusta coffee bean extract
with concentrations of 0.0625%, 0.125%, 0.25%, and 0.5% with immersion times of 24 hours, 48 hours, and 72
hours show that SOX2, Oct4, and Wnt levels at a concentration of 0.125% and 72 hours showed very high results

compared to the control and other treatment groups (p<0.05) (Figure 4).
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Figure 4. The results of SOX2, Oct4, and Wnt levels in each control group and the robusta coffee bean
extract group from various concentrations and times showed a significant difference (p<0.05).

B Discussion

MSCs' therapeutic effects are mediated by a variety of mechanisms. The most significant mechanisms
are the immunoregulator and secretory properties [157]. Inflammatory cells produce cytokines such as (TNF-q,
and IFN-y) [6,20-227]. MSCs secrete growth factors such as (VEGF, and IGF-1) as well as markers of cell
differentiation (SOX2, Oct4, and Wnt) [23-267. Recently, medicinal plants have been considered as therapeutic
triggers stimulus for the proliferation and differentiation of DPSCs in vitro and in vivo [27-297. The coffee
extract can be widely accepted by the public where there are bioactive compounds that have the potential to
activate MCSc cells to secrete TNF-a, [FN-y, VEGF, IGF-1, SOX2, Oct4, and Wnt [17].

TNF-a plays an important role in acute and chronic inflammation with cell infiltration through
neutrophil and lymphocyte adhesion and stimulates neutrophils to release cytokines and chemokines [307].
Meanwhile, IFN-y induces autophagy to remove pathogens within the cell and increases pro-inflammatory
cytokine secretion, as well as enhanced antigen processing and presentation through upregulation of class II
MHC by activating macrophages and improving their ability to mount an effective immune response [31,327].
Through enhanced phagocytosis, pro-inflammatory responses, and lymphocyte recruitment, enhanced immune
activation ultimately leads to effective pathogen clearance [33,347]. Over-action of IFN-y has been accounted for
to cause inordinate tissue harm, putrefaction, and aggravation and may add to infection pathology [85,367].

Numerous biological functions, including cell adhesion, chemotaxis, blood vessel development
regulation, hematopoietic stem cell development, extracellular matrix remodeling, and inflammatory cytokine
regeneration, are thought to involve VEGF [87,387]. Whereas IGF-1 is a growth factor produced by fibroblasts

and other epithelial cells, this has an important role in the process of epithelization and granulation of tissue

:
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during the wound healing process [3897. One of the roles of vascular endothelial insulin/IGF-1 is to provide
vascular homeostasis to the neovascularization during the wound healing process [407].

The differentiation of DPSCs is regulated by multiple signaling pathways, such as enhancing osteoblast
function and regulating bone mass [43,44"]. Meanwhile, SOX2 is associated with Beta-catenin in osteoblasts and
can inhibit Wnt activity [45,46_]. SOX2 and Oct4 genes regulate stem cell function in regulating differentiation
and interact with Wnt to maintain pluripotency [47,487. Giving robusta coffee bean extract to MSCs culture
can increase differentiation markers [1,137.

Based on the attained data, TNF-a and [FN-y levels decreased after induction of RCBE 0.125% in
DPSCs cultured for 72 hours compared to the control group. Whereas VEGF and IGF-1 levels at a concentration
0f 0.125% and 72 hours showed very high results compared to the control and other treatment groups. The role
of robusta coffee bean extract in cytokine production is to reduce TNF-a and IFN-y and increase VEGF and
IGF-1 production after 72 hours. Thus, inhibition of TNF-a and IFN-y and enhancement of VEGF, IGF-1,
SOX2, Oct4, and Wnt can reduce the severity of inflammation and accelerate the regeneration in the healing
process.

This study showed that the right concentration of RCBE is 0.125%. It is based on previous studies that
stated RCBE at 0.1 mM increased osteoprotegerin gene expression and could inhibit osteoclast differentiation,
had pro-osteogenic and anti-adipogenic properties, whereas, at 0.3 mM dose, it had anti-osteogenic properties

and couldn’t regulate DPSCs cell differentiation [13,497].

B Conclusion
Administration of robusta coffee bean extract can reduce inflammation and increase growth factors and

differentiation markers in dental pulp mesenchymal stem cell cultures.
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