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Abstract

Aim: The purpose of this study was to investigate the effects of human breast milk-derived exosomes
(HM-Exos)on the viability,migration, and inflammatory responses oflipopolysaccharide (LPS)exposed
human dental pulp stem cells (HDPSCs) in vitro condition.

Methods: HM-Exoswere isolated, and dynamic light scattering (DLS), scanning electron microscopy
(SEM), and transmission electron microscopy(TEM) were used to analyze their physiological properties
(size and shape).To construct an in vitro inflammation model, HDPSCs were exposed to LPS.The MTT
test and migration assay were used to investigate the effect of HM-Exos on cell proliferation and
migration, and the quantitative polymerase chain reaction was used to assess the expression of
inflammatory genes in HDPSCs.

Results: DLS measurement revealed that HM-Exos were 116.83.6 nm in diameter. The SEM and TEM

images revealed spherical shapes with diameters of 97.2+34.6 nm. According to the results of the cell

viability assay, the maximal nontoxic concentration of HM-Exos (400 ug/ml) was chosen for the

subsequent investigations. The migration assay results showed that HM-Exos improved the potential of

HDPSCs to migrate under LPS-stimulated inflammatory processes. The RT-PCR results indicated that HM-

Exos significantly reduced the expression of inflammatory cytokines such as TNF-q, IL-1B and IL-6 in
HDPSCs after LPS stimulation.

Conclusions: HM-Exos reduced gene expression of inflammatory cytokinesin inflamed HDPSCs and may
be a viable candidate for use as a pulp capping substance in vital pulp therapy.

Highlights
* HM-Exos was successfully isolated using the exosome extraction kit.
e The size and shape of HM-Exos were analyzed using DLS, SEM, and TEM.
e HM-Exos improved the migration potential of LPS-exposed HDPSCs.

e HM-Exos reduced the expression of inflammatory cytokines such as TNF-q, IL-18 and IL-6 in LPS-
exposed HDPSCs.

1. Introduction

The dental pulp is a connective tissue that is located in the center of the tooth and contains cells, nerves,
and blood vessels. Tooth decay is the most prevalent chronic disease, characterized by the loss of
calcified tissue as a result of sugar consumption and the impact of microbes. As caries advances and the
infection affects the tooth pulp, immunological and defensive reactions occur in the pulp, resulting in
pulp inflammation, or pulpitis. Pulpitis pathogenesis contains a range of substances and bacterial
products that enter the dentin and root canal. Lipopolysaccharide (LPS) is a potent stimulator of pulpitis
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and has been found in inflamed pulp tissue, causing the release of inflammatory cytokines including
TNF-q, IL-1B and IL-6, which suppress odontogenic differentiation of dental pulp cells and the stimulation
of necrosis in the pulp.

Because the vitality of the dental pulp is critical to the survival and health of the tooth, in treating
inflamed pulp tissue, it is very importantto regulate the inflammation of its healthy sections. The purpose
of vital pulp therapy (VPT) is to preserve pulp tissue that has been injured by decay, trauma, or tooth
restoration but not totally destroyed.This is done by eliminating caries and employing biocompatible
materials to establish resistance to bacterial re-entry.These treatments include direct pulp

capping, indirect pulp capping, and pulpotomy, which are utilized based on the degree of pulp
inflammation.The most regularly utilized pulp caps, have limited anti-inflammatory capabilities. On the
other hand, sodium hypochlorite and normal saline are the two most frequently utilized washing
solutions in pulpotomies. However, normal saline has no anti-inflammatory qualities, while sodium
hypochlorite in high concentrations damages the pulp tissue. Anti-inflammatory drugs can therefore be
used to treat pulpotomy and reduce pulp inflammation[1-6].

Exosomes are extracellular vesicles released by various cell types. They emanatefrom particular cell
compartments known as multivesicular bodies (MVBs) and have a diameter of 30-100 nm. Exosomes
contain various types of components obtained from parent cells, such as proteins, miRNAs, RNA, and
DNA, which conduct a significant role in cell-to-cell interaction. They are involved in regulating important
biological processes such as the immune response and inflammation, collagen production, tissue
regeneration, blood coagulation, and angiogenesis [7, 8]. Exosomes are generally involved in providing a
diversity of antigens to induce an immune andinflammatory responsesthrough the translocation of
prostaglandins[9].Exosomes are being employed more often as a component in wound healing and scar-
free procedures.Because they are naturally generated, they have the ability to regulate inflammatory
responses and encourage cell migration and proliferation[8].

Breast milk includes a wide range of components, including immune competent cells, milk fat globules
(MFG), and soluble proteins such as IgA, cytokines, and antimicrobial peptides [10].Exosomes are found
in abundance in breast milk [11].Milk exosomes are membranous nanovesicles that are 30-100 nm in size
and play an important role in intercellular communication, primarily through their mRNAs, microRNAs,
and proteins [12]. Breast milk exosomes have different roles, including: anti-cancer properties, regulation
of immune responses, and control of inflammatory responses [13].

Mesenchymal stem cells (MSCs) are multipotent stem cells found in a variety of adult tissues, including
bone marrow, adipose tissue, and tooth pulp. These cells are distinguished by their ability to self-renew
and multi-differentiate [14, 15].MSC cells have a high paracrine influence on the body. Considering the
role of exosomes in cellular communication, it is suggested that these molecules play a role in the
paracrine actions of MSCs [16].DPSCs, unlike other well-known MSCs, are the major component of dental
pulp tissue and are employed in numerous in vitro dental pulp investigations. Because of their
tremendous potential in tissue repair/regeneration and immune response regulation, they have been
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indicated as a prospective choice for cell-based therapeutic applications. Therefore, it has been
presentedas a promising therapy for inflammatory and damaging disorders such as pulpitis[4, 17-19].

Although the extraction and analysis of exosomes from human blood has been widely published, there
have been few studies of exosomes from breast milk. The goals of this study were to prepare an effective
extraction protocol for exosomes-drived human breast milk (HM-Exos) and investigate the impact of HM-
Exos on proliferation, migration, and inflammatory response of LPS-induced dental pulp stem cells.

2. Materials And Methods

2.1 Human breast milk exosome isolation

350 breastfeeding mothers aged 20 to 35 were recruited from four healthcare centers in southern
Khorasan, Birjand, Iran for this cross-sectional study. A cluster random sampling method was used to
select participants. Prior to recruitment, subjects provided written informed consent. All participants had
infants aged 1 to 6 months, with no history of chronic diseases or medication use in the previous six
months. Birjand University of Medical Sciences Ethics Committee (ethical number:
IR.BUMS.REC.1399.281) approved the study. At the start of the day, each mother was asked to provide
two samples of breast milk in 20 ml volumes expressed from primary breastfeeding.Human breast milk is
centrifuged after collection to remove fat and debris. The upper fat layer is removed by centrifuging milk
at 2000 g for 10 min at 4 °C, then at 12000 g for 30 min at 4 °C to remove deposited cells. Exosomes are
extracted from the remaining milk by the EXOCIB kit (Tehran, Iran), as directed by the manufacturer. A
BCA protein assay kit was used to determine the total protein content of exosomes, and the protein
concentration of HM-Exos equaled 63 mg/ml.

2.2 Exosome characterization

DLS was used to evaluate the size of Exos, and to further analyze the size and morphology of Exos, SEM
and TEM were employed.

2.3 Cell isolation and culture

The HDPSCs were isolated using a technique reported in our prior publication[20].In brief, healthy third
molars (wisdom tooth) of patients aged 20 to 25 were collected after obtaining the consent of the
patientsat the Dental Center of Imam Reza Hospital in Birjand (Iran), in accordance with the guidelines of
the Birjand University of Medical Sciences ethics committee (ethical number:
IR.BUMS.REC.1399.090).The pulp tissues were removed from the teeth and then soaked inPBS
containing 100U/mL type Icollagenaseenzyme (Bio-ldea, Tehran, Iran) for 1 hour at 37°C.The extracted
cells from the toothpulp were cultured in the Dulbecco's modified Eagle's medium mixtureF-12
(DMEM/F12) complemented by 10% fetal bovine serum and 1%antibiotic (penicillin-streptomycin) (all
from Gibco, USA) at 37°C in 5% CO2 and a humidified atmosphere.Cell passage numbers from 3 to 5
were used for the following experiment.
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2.4 LPS induction ofHDPSCs

Escherichia coli LPS powder (Sigma-Aldrich, St. Louis, MO, USA) was dissolved in distilled water and
added to the culture mediumto trigger inflammation of HDPSCs. These LPS-induced HDPSCs were called
inflammatory human dental pulp stem cells (iIHDPSCs). After 24 h of culture of HDPSCs, the medium was
changed to a complete medium supplemented with 2 g/ml of LPS powder for 24 h in order to induce
inflammation. The supernatants and cells were taken at each experimental time point for the following
experiment.

2.5 Cell viability assay

To cell viability test, HDPSCs were planted in a 96-well plate (SPL) at a density of 1.5 10%cells per well.
After 24 h of LPSinduction, the medium was changed to complete culture medium supplemented

with different doses of HM-Exo for 24 h at 37 °C. Then 20 pl of MTT solution (2 mg/ml in PBS) was
added to each well, and the plate underwent incubation for 4 h at 37°C incubator in the dark. Afterward,
the supernatant was eliminated, 100ul DMSO was added to each well, and the optical absorption of the
samples was measured at 570 and 630 nm using a spectrophotometer (Biotek Epoch, winooski, VT).

2.6 Cell migration assay

A scratch test was used to evaluate the migration potential of HDPSCs.HDPSCs were planted into six-well
plates. After 24 h of LPS induction, the medium was changed to complete culture medium and a straight
scratch was formed with a 200 pl tip. Microscopy was used to observe cell migration at 0, and 24 h after
treatment with 400ug of HM-Exos. The lesion's boundary areas were evaluated and photographed using
an inverted microscope (ZEISS Axiovert 200, Zeiss, Germany). Cellular migration was evaluated by
measuring the ratio between the reduced open space after 24 h and the open space at 0 h.

2.7 Quantitative real-time polymerase chain reaction (QRT-PCR)

The mRNA expression levels of TNF-q, IL-1B and, IL-6 were evaluated using the quantitative real-time
polymerase chain reactionand the GAPDH gene was used as an endogenous control. Isolation of mMRNA
and cDNA synthesis were performed using the Pars Tous kit (Tehran, Iran) according to the
manufacturer’s instructions, and real-time was done using the SYBR Green assay. The expression levels
of target genes were calculated using the 222Ct method.The sequences of primers used are showed in
Table 1.

2.8 Statistical analysis

The data were presented as mean standard deviation (n=3). The statistical analysis was carried out using
GraphPad prism software. A one-way analysis of variance (ANOVA) with Tukey's post hoc multiple
comparison test was employed to assess statistical significance for noticing significantdifferences
between study groups, with p< 0.05 as the statistical significance value.
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3. Result

Exosome isolation and characterization

The size and shape of HM-Exos were described in figures 1, 2, and 3. According to DLS findings, HM-Exos
were 116.8+3.6nm in diameter(Fig.1). The SEM and TEM observations of Exos revealed that they were
spherical in form and had a size of 97.2+34.6 nm (Fig.2 and 3).

3.1 Effects of LPS powder and HM-Exoson iHDPSCs viability

The effect of LPS powder (2 ug/ml) and different doses of HM-Exos on the cell viability of iIHDPSCs is
shown in Fig.4.After 24 hours, the viability of cells treatedwith LPS was not significantly different
compared tothe control group (p> 0.05).The viability of HM-Exos-treated iHDPSCs increased significantly
at doses of 10 and 25 (p<0.01) and 50 pg/ml (p<0.05). In comparison to the control group, no statistically
significant difference in cell toxicity or proliferation was seen at 5 and 100-400 pg/ml doses (p>0.05).
Furthermore, at 800 pg/ml, cell viability was reduced (p<0.01). Based on the findings of the cell viability
assay, the maximal nontoxic concentration (400 pg/ml) of HM-Exos was chosen for following
investigations.

3.2 The effects of LPS powder and HM-Exos on iHDPSCs migration

To investigate the effects of HM-Exos on the migration capacities of iHDPSCs, the scratch test was done
(Fig.5). The results indicated that the concentrations of 400 pg/ml of HM-Exosimprovedthemigratory
abilities of iHDPSCs compared to HDPSC and iHDPSC groups (P < 0.01).

3.3 The effects of LPS powder and HM-Exos on inflammatory cytokine expression

To investigate the inhibitory impact of HM-Exos on mRNA expression of inflammatory cytokines in
iHDPSCs, qRT-PCR was used (Fig.6). LPS significantlyincreased mRNA expression of IL-6, IL1-B and TNFa
(p<0.01, p<0.05, p<0.001 respectively) compare to the HDPSC group. HM-Exos significantly reduced LPS-
induced expression of IL6, IL1-8 (P<0.01) and TNFa (P<0.001) compared to the iIHDPSC group.

4. Discussion

HM-Exos has been demonstrated to have a variety of functions, including anti-cancer characteristics,
immune response modulation, and inflammation response regulation[13]. However, the role of HM-Exos
in pulpitis therapy remained unclear. We isolated vesicles from human breast milk using the exosome
extraction kit. Using electron microscopy and DLS, we discovered that the vesicles had an exo-like form
and size. For the first time, we have demonstrated that in an in vitro LPS model of pulpal inflammation,
HM-Exos had an anti-inflammatory and cell migration effect on HDPSCs.

DPSCs are a type of pluripotent stem cell found in the dental pulp's cell-rich zone. They play an important
role in angiogenesis, homeostasis, and tooth pulp health by responding to injury and bacterial

Page 6/17



invasion.According to studies,DPSCshave a high potential for healing at the inflamed area[21].LPS is a
prominent component of the bacteria's outer membrane and can promote the expression of inflammatory
cytokines as well as cellular death in DPSCs [4].In this investigation, we found that LPS might induce an
inflammatory condition in DPSCs by increasing the expression of TNF-q, IL-18 and, IL-6. In addition, we
indicated that the level of inflammatory cytokines was enhanced in response to LPS exposure and
reduced after treatment with HM-Exos.

Pulpitis is a common inflammation of tooth pulp tissue, and oral microbes are implicated in this
opportunistic infection. According to research, various parameters associated to host reaction play an
important role in pulpitis. Among these components are immune system inflammatory mediators such as
cytokines and chemokines, which contribute to pulpal defense mechanisms[22]. In this regard, the results
of a reversible pulpitis model showed that IL-1B, IL- 6, and TNF-a gene expressions were elevated in LPS-
exposed inflamed pulp tissues [23].Recent studies on the cellular and molecular basis, inflammatory
processes, pulp repair, and the emergence of new drug strategies such as drug delivery systems and
tissue engineering have opened up numerous ways for the progress of infectious and inflammatory pulp
therapeutic strategies [24]. Jung et al.,revealed that simvastatin inhibits the expression of inflammatory
cytokines, cell adhesion molecules, and NF-kB transcription factors induced by LPS in human dental pulp
cells [25]. Li et al.,investigated that epigallocatechin gallate (EGCG) significantly reducedexpression of
inflammatory cytokines like TNF-q, IL-1B and IL-6 in dental pulp stem cells after LPS stimulation, and also
reduced inflammation of inflamed rat pulp tissue[2].Chen et al..demonstrated that 4Methylumbelliferone
decreased inflammatory cytokines in inflamed DPSCs and promoted DPSCs migration and odontogenic
differentiation[26].According to several studies, exosomes have the potential to regulate immunity in
inflammatory diseases. For example, exosomes from IL-10-treated dendritic cells were found to be
effective in both suppressing the onset of murine collagen-stimulated arthritis and reducing the
symptoms of established arthritis[27]. According to one study, Exos derived from MSCs can reduce
osteoarthritic symptoms in an inflammatory model of osteoarthritis [28].Another study discovered that
bone marrow mesenchymal stem cell-derived boosted M2macrophages, decreased inflammatory
cytokines, and induced the secretion of anti-inflammatory cytokines [29].Ahnet al.,found that bovine milk
exosomes inhibited the expression level of inflammatory cytokines such as IL-6 and TNF-ain LPS-induced
RAW264.7 cells [8].As a result of the findings in this investigation, we propose that suitable in vivo studies
be conducted in the future to demonstrate the efficacy of HM-Exo in pulpitis therapy.

5. Conclusion

In conclusion, the results showed that HM-Exos therapy could not only reduce inflammatory cytokine
release but also increase HDPSC migration and proliferation. This study discovered that HM-Exos may be
a viable candidate for use as a pulp capping substance in vital pulp therapy.
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Table

Table 1. Sequences of primers used for real-time PCR
Name Forward Reverse
TNF alpha AGGCGGTGCTTGTTCCTCAG GGCTACAGGCTTGTCACTCG
IL-1B TCCAGGGACAGGATATGGAG TCTTTCAACACGCAGGACAG
IL6 AGACTTGCCTGGTGAAAATCA GCTCTGGCTTGTTCCTCACT
GAPDH CGAACCTCTCTGCTCCTCCTGTTCG CATGGTGTCTGAGCGATGTGG
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DLS Analysis of HM-Exos Size
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SEM image of HM-Exos
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Figure 3

TEM image of HM-Exos
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Figure 4

Viability assay for HDPSCs incubated with HM-Exos on 24h. Significant differences compared to control
were indicated: *p < 0.05; **p < 0.01; ***p < 0.001.
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Exos on the migration of HDPSCs
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Comparison of the genes expression levels: (a) IL1-B, (b) IL-6, and (c) TNFa. *p<0.05, **p<0.01,
***p<0.001.
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