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Abstract

Objective: To show the cytotoxicity of Porphyromonas gingivalis lipopolysaccharide (LPS) on human
umbilical cord mesenchymal stem cells (HUCMSCs) to better understand the characteristics for its
application in regenerative procedures under periodontopathogen LPS influence. Material and Methods:
Ultrapure Porphyromonas gingivalis LPS was used in this study. This research used a frozen stock
HUCMSCs, previously confirmed by flow cytometry. The biological characteristics, such as cell
morphology, proliferation, and protein expression, were screened. To check the cytotoxicity, HUCMSCs
were cultured and divided into two groups, the control group and LPS group with various concentrations
from 25 to 0.39 pg/mL. MTT assay was done and the cells were observed and counted. The significance
level was set at 5%. Results: The percentage of living HUCMSCs on LPS group were not significantly
different among concentrations (p>0.05) from 25 to 0.39 pug/mL, even though there were slight mean
decrease between groups, but they were not significant. The duration of 24 hours of exposure of LPS does
not significantly lower HUCMSCs viability. Conclusion: LPS does not affect the viability of HUCMSCs.
The lower the concentration of LPS, the higher the viability of HUCMSCs.
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Introduction

There are several mesenchymal stem cells (MSCs) sources available for clinical applications. Human
umbilical cord mesenchymal stem cells (HUCMSCs) are MSCs found in the umbilical cords and may be a
prospective candidate for use in tissue regeneration [17]. Compared to other sources of stem cells from adult
tissues, HUCMSCs are more primitive, non-invasive in terms of collection, provide high proliferation potential,
high differentiation potential, immune-privileged, immunosuppressive, and rich in stemness [27].

One of the most common causes of tooth loss and endodontic treatment failures is a periodontal
disease by a bacterial infection. Many of the infection is caused by gram-negative bacilli, such as Porphyromonas
gingrvalis [3,47. These bacteria also cause periodontitis, peri-implantitis, and peri-implant mucositis infections
[5,67. Lipopolysaccharide (LPS) is an outer membrane unit of Gram-negative bacterial cell walls. It is also an
endotoxin with a wide range of biological maneuvers. LPS can induce the release of several pro-inflammatory
cytokines, which may lead to alveolar bone resorption and periodontal tissue destruction [77].

LPS does not indicate a single molecular type, but a molecule of diverse chain lengths with high and
low molecular weights, which affect the biological activity [87. Several studies have evaluated the increase of
functional properties of MSCs by LPS exposure to defend against a harsh inflammatory environment [9,107.
However, few studies have used HUCMSCs on LPS exposure. Cell cultures are a useful technique to evaluate
the biocompatibility of various materials [11,127. In-vitro assessment of cell cultures are usually used to
explore the mechanism and biological responses in certain conditions.

Even though results from #n-vitro experiments cannot immediately be generalized to mimic clinical
conditions, they are relevant as they reflect a model for screening of various material properties and risks [137.
By studying the viability of HUCMSCs under Porplyromonas gingivalis LPS influence, we can study further
approach of regenerative procedures under this influence, such as in endodontics, periodontics, prosthodontics
(implants) failures affected by periodontopathogen LPS. Previous studies about LPS on other stem cell sources,
such as human periodontal ligament stem cells and stem cells from the apical papilla have used Porphyromonas
gingivalis LPS but in limited concentrations, ranging from 0 to 5 pg/mL or 0 to 10 ng/mkL, with different and
irregular intervals [14,157].

Stem cells' viability and response may differ depending on the variation of contact from available LPS.
An in-vitro study of LPS exposure on the apical papilla's stem cells did not affect its proliferation and
mineralization. At a concentration of 5 mg/mL, LPS increased bone sialoprotein gene expression [147].

There are other studies with non-periodontopathogen LPS from E. coli showed different results on
how LPS effect stem cells in terms of reduced proliferation and growth factor secretion [167]. Therefore, as the
first step of understanding HUCMSCs under periodontopathogen LPS condition, the purpose of this study was
to investigate the cytotoxicity of various concentrations of Porphyromonas gingivalis LPS on the viability

HUCMSCs, through MTT assay.

Material and Methods
Ethical Aspects
This study was permitted by the Health Research Ethical Clearance Commission, Universitas

Airlangga Faculty of Dental Medicine, Surabaya, Indonesia (Clearance number 060/HRECC.FODM/I1/2020).

Preparation of HUCMSCs
Previously isolated and characterized frozen stock HUCMSCs from the 4t passage was obtained from

Stem Cell Research and Development Center Universitas Airlangga (Surabaya, Indonesia). The HUCMSCs
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was previously confirmed by flow cytometric analysis using FACS Calibur (BD Biosciences, USA) and
identified by specific antibodies for CD73, CD90, CD105, CD45, and CD34. There were positivity of CD73,
CD90, CD105, negativity of CD45 and CD34. All antibodies were purchased from Becton-Dickinson (BD
Biosciences, San Jose, CA USA).

The frozen HUCMSCs from -80°C storage were thawed in a water bath with a temperature of 37°C.
Thawed HUCMSCs were moved to another tube containing 10 mL Minimum Essential Medium (MEM) alpha
medium (Gibco, Paisley, UR) at 37°C, then centrifuged for 5 minutes at 1600 rpm.

The supernatant was eliminated and the cell pellet was resuspended in culture medium in a 12 mm
diameter plate. The resuspended cells were stored in an incubator for 6 hours at 37°C. The evaluation was
done using TMS inverted microscope (Nikon, Minato, Japan). The thawing of HUCMSCs was successful; the

cells were expanded and ready for further treatment.

Lipopolysaccharide (LPS) Preparation for HUCMSCs

Ultrapure Porphyromonas gingivalis lipopolysaccharide (InvivoGen, San Diego, CA, USA) was used
[177]. The LPS powder was diluted with MEM alpha medium into different concentrations. LPS dilution was
done following the manufacturer’s directions. LPS concentrations of 0.89, 0.78, 1.56, 31.25, 6.25, 12.5, and 25
pg/mL were to be compared in this experiment. This concentration was observed because numerous studies
are using different concentrations; therefore, we decided to divide and range it from 25 to 0 pg/mL gradually

in a regular pattern. The experiments were performed in triplicate.

Assessment of Viable HUCMSCs

The viability of HUCMSCs on LPS was determined by methyl-thiazol-tetrazolium (MTT). The fifth
passage HUCMSCs were seeded at a density of 5,000 cells per well in a 96-well culture plate (Iwaki, Asahi,
Japan) and treated with LPS at concentrations ranging from 0.05-25 pug/mL for 24 hours. Each well was given
200 microliter MEM alpha medium containing LPS according to the explored concentrations.

After incubation, MTT was added to each well and incubated for 3 hours, and then the process was
stopped by the addition of 50 microliters of DMSO per well. Cell proliferation was examined by measuring
optical density from a microplate reader (GloMax®Explorer, Promega Corporation, Fitchburg, WI, USA) at a
wavelength of 595 nm. Viable cells were seen under an inverted TMS microscope (Nikon Corp., Tokyo, Japan)

with 100x magnification for cell distribution and morphology among the control and observed groups.

Statistical Analysis

The assessments were conducted and performed in triplicates with regard to previous studies [16,17]
and sample size determination formula for controlled laboratory experiments. Data were provided as mean +
standard deviation. Statistical analysis was done using SPSS20.0 for Windows (SPSS Inc., Chicago, Illinois,
USA). All data were tested for normal distribution. One-way ANOVA test was used to compare 3 or more
groups (among control and LPS groups of different concentrations). Post Hoc LSD (Least Significant
Difference) test was used to investigate multiple comparisons of inter-group differences. The difference

between groups was considered significant when p<0.05.

Results
Viable cells seen under an inverted microscope with 100x magnification are available in Figure 1.
There was no difference in cell distribution and morphology among the control and observed groups. The

mean and standard deviation (SD) of control and lipopolysaccharide (LPS) groups are shown in Table 1.
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Figure 1. Viable cells seen under inverted microscope (100x magnification): control (A), LPS
concentration of 25 pg/mL (B), 12.5 pg/mL (C), 6.26 ng/mL (D), 3.125 pg/mL (E), 1.56 pg/mL (F),
0.78 ng/mL (G), and 0.39 png/mL (H).

Data in the result was normally distributed (p>0.05), and homogeneity test yield homogeny data
(p>0.05). MTT assay result of different lipopolysaccharide (LPS) concentrations showed no significant

difference among 0.39, 0.78, 1.56, 8.12, 5.625, 12.5 and 25 pug/mL (p>0.05).

Table 1. Mean and standard deviation of control and LPS groups.

Group Cell Viability
Mean (SD)
Control 100 + 0.00
LPS 25 69.8193 + 4.02339
LPS 12.5 66.4653 + 4.22801
LPS 6.25 68.3773 + 3.00004
LPS 8.125 68.7017 + 2.88213
LPS 1.56 67.1853 + 3.32384
LPS 0.78 66.9630 + 2.51683
LPS 0.39 67.1697 + 2.91831

Discussion

There is a higher interest in searching the prospects of human umbilical cord mesenchymal stem cells
(HUCMSC) because this stem cell can be isolated and expanded easily in large quantities, and non-invasive
compared to commonly used bone marrow mesenchymal stem cells [187. There are studies about other MSC
sources, but little information was available regarding HUCMSC and its potential use in pulpal and periapical
regeneration.

Pulpal and periapical regenerative researches using MSCs are hoped to be an alternative to treat
various pathological conditions, such as chronic inflammation involving lipopolysaccharide (LPS). However, it
stays unclear how LPS could influence MSC to resolve inflammation. Some research on LPS preconditioning of
MSC has been an increasing approach for tissue injury and inflammatory disease therapy [197.

HUCMSCs were cultured in minimum essential medium alpha (MEM-A) containing ultrapure
Porphyromonas gingivalis LPS in various concentrations from 0 to 25 pg/mL. We chose this range of
concentrations because previous studies use different and limited concentrations of LPS in their methods;

therefore, we expand the concentrations from 0 to 25 pg/mL. We use LPS from Porphyromonas gingivalis
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because it is among the most common species in primary root canal infection [147]. The cells were incubated
under normal culture conditions at 37°C and 5% COs..

We used MTT assay to determine cell viability and determine cytotoxicity under periodontopathogen
LPS influence. MTT assay is mostly chosen to determine cytotoxicity and proven to be more accurate and
practical. The MT'T assay principle is to break the tetrazolium ring (3-(4,5-dimethylthiazole-2-y1)-2,5 diphenyl
tetrazolium bromide) to produce insoluble blue-purple formazan crystals. The living cells can be measured
using optical density spectrophotometry. The lower the optical density means the lower living cells to
metabolize MTT.

In this study, there were no differences in HUCMSCs viability among various concentrations of LPS,
meaning LPS is not toxic to HUCMSCs within these concentrations. This finding might assume that LPS
could enhance paracrine protective effects and regenerative healing of HUCMSCs. This condition might be
related with the finding of other studies that LPS influence mesenchymal stem cells to create a suitable milieu
to promote tissue repair and reduce inflammation through a paracrine mechanism and exosomes [207].

Exosomes are small vesicles carrying bioactive molecules, such as microRNAs (miRNAs), messenger
RNAs (mRNAs) and protein. These bioactive molecules can be passed between cells to influence cellular
activities and metabolism in recipient cells [21,227. Exosomes contain many genetic molecules that act as cell-
to-cell communication channels to alter genetic expression in recipient cells [197.

Previous study on human periodontal ligament cells showed that both pretreatment and non-
pretreatment of LPS have higher production of pro-inflammatory mediators [287. LPS plays a crucial role in
the pathogenesis of apical lesions by releasing pro-inflammatory cytokines. We found that LPS has no toxicity
on HUCMSC:s on the given concentrations. This research is in line with previous study on stem cells from the
apical papilla that LPS concentration of 0 to 5 pg/mL did not affect cell viability [147]. This might be caused
by the fact that LPS have induced HUCMSCs to hold a cytoprotection potential, but further study needs to be
done. The survival of HUCMSCs will ensure the paracrine effect for tissue regeneration and regulation of anti-

inflammation through an immunomodulatory effect on immune cells responses [24,25].

Conclusion

These results show LPS does not significantly affect the viability of HUCMSCs depending on the
concentration used. In conclusion, this study provides evidence that LPS is not toxic to HUCMSCs within
tested concentrations. However, this study is limited to Porphyromonas gingivalis LPS within a range of 0 to 25
pg/mL, to find out more, further studies need to be conducted with higher concentrations. Further in-vitro and
in-vivo studies will also be required to reveal more novel mechanisms of Porphyromonas gingrvalis LPS on
HUCMSC:s for regenerative purposes in endodontics, periodontics, prosthodontics, pediatric dentistry, oral and

maxillofacial surgery.
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