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Abstract: Orento is a traditional Japanese medicinal kampo preparation that is also prescribed
in oral care. In oral squamous cell carcinoma cell line CAL27, orento significantly inhibited peri-
odontopathogenic bacterium Porphyromonas gingivalis lipopolysaccharide (LPS) and lipoproteins
(PAMP)-stimulated production of interleukin (IL)-6. This suggests that orento negatively regulates
PAMP-mediated toll-like receptor (TLR) signaling. Orento significantly suppressed PAMP-stimulated
activation of the IL-6 promoter, indicating that orento may suppress the production of IL-6 by PAMP
at the transcriptional level. Orento also suppressed TLR-mediated activation of transcription factor
nuclear factor-kappa B (NF-kB) that was stimulated by PAMP. This finding indicates that orento
may suppress the function and activation of factors involved in TLR signaling, thereby suppressing
NF-kB-dependent expression of various genes. Orento suppressed IL-1 receptor-associated kinase
(IRAK4), IRAK1, and c-Jun N-terminal kinase (JNK) phosphorylation in PAMP-stimulated CAL27
cells. This result indicates that orento is involved in the initiation of TLR signaling by PAMP and
suppresses the downstream signaling pathways of myeloid differentiation primary response gene
88 (MyD88) such as mitogen-activated protein kinase (MAPK) and NF-kB cascades. These findings
suggest that orento has an inhibitory effect on the production of inflammatory cytokines.
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1. Introduction

In Japanese medicine, Kampo medicine is sometimes used as a pharmacotherapy
option in addition to Western medicines. Kampo medicine is one of the traditional herbal
medicines, which was originally developed in Japan from Chinese medicine [1]. Currently,
there are 148 types of Kampo medicine preparations in Japan, and physicians use different
types depending on the disease and symptoms. Orento is one of the Kampo medicine and is
composed of seven components, namely coptis rhizome, processed ginger, cinnamon bark,
pinellia tuber, ginseng, glycyrrhiza, and jujube. Orento is mainly used to treat symptoms
such as the feeling of stagnation and disturbance of the stomach, and loss of appetite [1]. In
clinical practice, orento is indicated for the treatment of acute gastritis, hangover, stomatitis,
and periodontitis [2]. A recent clinical report indicated that orento was effective in treating
oral lichen planus [3].

Recently, epidemiological studies of the risk of cancer in patients with periodontal
disease have been reported. Cytokines produced at the site of periodontitis have been
implicated in the risk of cancer in patients with periodontal disease [4,5]. Periodontal
disease is a chronic disease that persistently irritates oral tissues. gingivalis is an anaerobic
Gram-negative bacterium that is a typically involved in periodontal disease [6]. P. gingivalis
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can adhere to and invade host cells [7], and is significantly more abundant in gingival
tissues of oral squamous cell carcinoma than in normal mucosa [8]. Orento is reported
to have anti-inflammatory effects on gingival cells and osteoblasts [9]. However, these
studies only confirmed the effect of IL-6 and IL-8 on suppressing inflammatory cytokines,
the mechanism of action of orento at the molecular level has not been elucidated so far.
Several circulating and cell membrane-associated proteins have been shown to collabo-
rate with TLRs in sensing microbial ligands and promoting inflammatory responses. [10]. IL-6
is a typical inflammatory cytokine that affects not only inflammation but also the biological
activity of cancer cells [11]. The purpose of this study was to examine the effects of orento on
TLR-mediated IL-6 production by PAMP stimulation in oral squamous cell carcinoma.

2. Results
2.1. Effects of Orento on Cell Survival

In order to elucidate the anti-inflammatory mechanism of action of orento, the effect
of orento on the survival of CAL27 cells was first examined. CAL27 cells were cultured
with orento (10, 100, and 1000 pg/mL) for 1 day and MTT assay was performed. As can be
seen in Figure 1, orento decreased the viability of CAL27 cells at concentrations of 100 and
1000 pg/mL in a dose-dependent manner but had no effect at 10 pg/mL. Thus, 10 ug/mL
was the concentration used in the subsequent experiments in this study.
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Figure 1. Effect of orento on survival of CAL27 cells. CAL27 cells were cultured with orento (10, 100,

and 1000 pg/mL) for 1 day and MTT assay was performed. Bars represent the means and range of
triplicate samples.

2.2. Effects of Orento on PAMP-Stimulated IL-6 Production and Activation of Its Promoter in
CAL27 Cells

We examined the effect of orento on IL-6 production stimulated by PAMP. Orento
and PAMP were added to the culture media of CAL27 cells, and the levels of IL-6 in the
culture media were measured by ELISA. As can be seen in Figure 2A, PAMP-stimulated
IL-6 production in CAL27 cells in the presence of orento, as compared to that in cells
stimulated by PAMP alone, significantly decreased (p < 0.001). The level of IL-6 production
in the presence of orento alone was similar to that in the absence of any stimulation.
These results suggest that orento reduces IL-6 production by PAMP stimulation in CAL27
cells. Because IL-6 production may be regulated at the transcriptional level, we examined
whether orento affects the transcriptional activation of the IL-6 promoter in CAL27 cells. A
reporter plasmid containing the IL-6 promoter linked to the luciferase gene was transfected
into CAL27 cells. The cells were stimulated with PAMP in the presence of orento, and
luciferase assay was performed. As can be seen in Figure 2B, PAMP induced promoter
activation, but orento alone did not. When orento was added to the culture medium of
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CAL27 cells, the increase in promoter activity triggered by PAMP was significantly reversed.
These results suggest that orento represses the transcriptional activation of IL-6 promoter
by PAMP stimulation. Next, we examined the effect of orento on NF-kB activation by
reconfirming whether the PAMP used in this study has activity against TLR4 and TLR2.
An NF-kB-dependent luciferase reporter plasmid was transfected into the stable cell lines
293-TLR4/MD2-CD14 (HEK293 cells constitutively expressing TLR4, MD2, and CD14) and
293-TLR2/CD14 (HEK293 cells constitutively expressing TLR2 and CD14). The cells were
stimulated by PAMP in the presence of orento, and luciferase assay was performed. As
can be seen in Figure 2C,D, the level of NF-kB-dependent transcriptional activation by
PAMP stimulation was approximately 3.5- to 3.8-fold higher than that in the absence of any
stimulation, but was significantly decreased by orento stimulation. The NF-kB activation
in the presence of orento alone was not observed. These results suggest that orento inhibits
the TLR-mediated NF-kB-dependent transcriptional activation by P. gingivalis PAMP.
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Figure 2. The effects of orento on increase in IL-6 production and the activation of its promoter by
PAMP in CAL27 cells. The protocols are described in Section 4. (A) Orento and PAMP were added
to the culture media of CAL27 cells, and the levels of IL-6 in the culture media were measured by
ELISA. (B) A reporter plasmid containing the IL-6 promoter linked to the luciferase gene (phIL-6pro-
Luc) and a standard plasmid (pRSV-f3-gal) were co-transfected into CAL27 cells. (C,D) Inhibitory
effects of orento on PAMP-stimulated NF-kB-dependent transcriptional activation. pIgk-Luc and
PRSV-f3-gal were co-transfected into 293-TLR4/MD2-CD14 and 293-TLR2/CD14 cells. The cells were
stimulated with PAMP (100 ng/mL) for 6 h in the presence of orento (1000 ug/mL). Luciferase and
[-galactosidase assays were performed. The transcriptional activities were indicated as fold values of
those of pUC-Luc (a plasmid containing luciferase gene alone) (B) and of pIgk-Luc (without orento
and PAMP stimulation) (C). Bars represent the means and range of triplicate samples. ***, p < 0.001
versus stimulation with PAMP without orento.
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2.3. Effect of Orento on Protein Phosphorylation involved in PAMP-Mediated Signal
Transduction Cascades

In this study, we demonstrated the reduction of PAMP-stimulated IL-6 production by
orento (Figure 2A). Orento was also found to inhibit PAMP-stimulated NF-kB-dependent
transcriptional activation (Figure 2) Thus, we examined whether orento affects the activation
(phosphorylation) of molecules in TLR-mediated signal transduction pathways. CAL27 cells
were stimulated with PAMP in the presence or absence of orento, and the extracted proteins
were analyzed by Western blotting. As can be seen in Figure 3, enhanced phosphoryla-
tion of IRAK4, IRAK1, and JNK was observed in response to PAMP stimulation, whereas
orento dramatically decreased this effect. These results suggest that orento inhibits IRAK4
phosphorylation by acting at an earlier stage of PAMP-induced TLR activation.

2 PAMP
,g + - + Orento

oo R
-

PIRAK1 s

o

pJNK .

e

N

JNK| - -
— —

B-ACtin | -

B

Figure 3. The effects of orento on PAMP-induced protein phosphorylation in CAL27 cells. CAL27
cells were cultured with 10 ug/mL orento for 24 h and stimulated with 100 ng/mL PAMP for 30 min.
The cells were lysed and Western blotting was performed using antibodies against the proteins
indicated in the figure.

2.4. Inhibitory Effect of Orento on Binding between MyD88 and IRAK4

Because orento decreased the level of PAMP-stimulated IRAK4 phosphorylation
(Figure 3), we next examined whether orento affects the binding of MyD88 and IRAK4.
CAL27 cells were stimulated with PAMP in the presence or absence of orento, and MyD88
in the cell lysate was immunoprecipitated using anti-MyD88 antibody. Then, Western
blotting was performed using anti-phosphorylated IRAK4 and anti-IRAK4 antibodies. As
can be seen in Figure 4A, phosphorylated IRAK4 was co-precipitated with MyD88 under
PAMP stimulation alone, but not under that in the presence of orento. No precipitates of
MyD88 and IRAK4 were observed when control IgG was used. Conversely, in the case of
immunoprecipitation with anti-IRAK4 antibody followed by Western blotting with anti-
MyD88 antibody, MyD88 was co-precipitated with phosphorylated IRAK4 under PAMP
stimulation alone, but not under that in the presence of orento (Figure 4B). These results
indicate that orento inhibits the PAMP-stimulated interaction between MyD88 and IRAK4
in CAL27 cells.
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Figure 4. The effects of orento on binding between MyD88 and IRAK4 under PAMP stimulation in
CAL27 cells. (A) Proteins in the cell lysates described in the legend of Figure 3 were immunopre-

-+ -+

cipitated (IP) using anti-MyD88 antibody, with IgG being the control. Precipitates and cell lysates
were analyzed by Western blotting using anti-phosphorylated IRAK4 (top), anti-IRAK4 (center), and
anti-MyD88 (bottom) antibodies. (B) Proteins in the cell lysates were immunoprecipitated using
anti-IRAK4 antibody, with IgG being the control. Precipitates were analyzed using Western blotting
using anti-MyD88 (top), anti-phosphorylated IRAK4 (center), and anti-IRAK4 (bottom) antibodies.

3. Discussion

In this study, we have shown for the first time that orento suppresses TLR signaling.
Two major findings were elucidated in this study. Firstly, TLR signaling suggests that
P. gingivalis PAMP stimulates CAL27 cells to produce the inflammatory cytokine IL-6.
Secondly, the inhibition of PAMP-stimulated interaction between MyD88 and IRAK4 by
orento may have anti-inflammatory effects in this experimental system. In fact, orento is
recommended for the treatment of stomatitis patients [1].

Periodontal disease is a long-term chronic inflammation. P. gingivalis is an anaerobic
periodontopathogenic Gram-negative bacterium that can attach to and invade host cells [6].
In gingival tissues of oral squamous cell carcinoma, P. gingivalis is detected significantly
more frequently than in normal mucosa, and the detection rate is higher than that of
Streptococcus gordonii, a noninvasive oral bacterium [8]. Furthermore, chronic and persistent
periodontal disease has been reported to be a risk factor for preoral and oral cancer [12]. The
relationship between periodontal disease and oral cancer has attracted attention because
periodontopathic bacteria such as P. gingivalis have been found to be very abundant in
oral cancer patients, including in their saliva [4]. Periodontal disease has also been linked
to cardiovascular disease, premature birth, low birth weight, stroke, lung disease, and
diabetes [13,14].

P. gingivalis PAMP used in the present study served as an agonist for TLR4 and TLR2
(Figure 2C,D). The results of experiments using TLR4 knockout mice have revealed that
P. gingivalis LPS acts on TLR2 [15]. However, this is thought to be the effect of lipoproteins
contaminating the LPS. Recently, the highly purified P. gingivalis LPS has been shown to
be an agonist for TLR4. Thus, P. gingivalis PAMP used in this study might contain some
agonists for TLR2 such as lipoproteins, and we examined the effects of orento on the
signaling by the PAMP through TLR4 and TLR2, which are expressed in CAL27 cells [16].
This appears to reflect the fact that P. gingivalis LPS containing (bound) lipoproteins in the
oral cavity can affect these TLRs.

TLRs activate signal transduction cascades after stimulation with PAMP. TLRs recruit
adaptor proteins such as MyD88 [17]. MyD88-dependent signal transduction is initiated by
the formation of myddosome, which includes MyD88 and the IRAK family [18]. IRAK1 is
activated after autophosphorylation of IRAK4 [19]. Upon activation, IRAK1 recruits and
activates TNF receptor-associated factor 6 (TRAF6), and TRAF6 signaling then triggers
the MAPK (JNK and p38) pathway and activates NF-kB [20]. In this study, we showed
that orento inhibits TLR signaling by blocking the PAMP-stimulated interaction between
MyD88 and IRAK4, thereby inhibiting IL-6 production, which was found to be due to
inhibition of IL-6 transcription by inactivation of its promoter (Figure 2A,B). Orento may
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therefore be useful for treating IL-6-mediated inflammation and for repressing expression
of the inflammatory cytokine genes dependent on NF-kB activation [21].

Many of the drugs in traditional medicine are composed of several plant parts and ex-
tracts (coptis rhizome, processed ginger, cinnamon bark, pinellia tuber, ginseng, glycyrrhiza
glabra, and Jujube) [2]. Traditional Chinese medicine has a long history of formulations
being developed, as documented in classical Chinese books such as Shanghan Lun [1].
Orento consists of seven components, of which the main crude drug, oren, contains 5-10%
of the alkaloid berberine [22] and is known for its bactericidal, bacteriostatic, antifebrile,
anti-inflammatory, digestive organ analgesic, and central nervous system depressant ef-
fects [2]. These effects of oren, combined with the anti-inflammatory effects of saponin and
glycyrrhizin in licorice, are thought to be effective against stomatitis.

The anti-inflammatory effects of berberine have been previously reported [22], and
its active component has also been isolated. Recently, the anti-inflammatory effects of a
herbal medicine of carica papaya leaf extract on interdental bleeding in healthy subjects
have been reported [23]. Furthermore, it has been suggested that berberine exerts its
anti-inflammatory effect by suppressing MAPK signaling and the production of reactive
oxygen species. Berberine has been shown to suppress LPS-induced inflammatory cytokine
production in macrophages [24]. Studies using animal models of diabetic nephropathy
indicate that berberine inactivates NF-kB and suppresses kidney inflammation [25]. Based
on our findings, the suppression of IL-6 production in this study was inferred to be caused
by orento, and the previously demonstrated effect of berberine present in the oriental drug
coptis rhizome supports the results of this study [9]. Orento, which contains coptis rhizome,
inhibits phosphorylation (activation) of factors downstream of the signaling pathway by
blocking the binding of MyD88 to IRAK4. As a result, NF-kB-dependent gene expression
is suppressed. This inhibitory effect may be similar to the anti-inflammatory effects of
berberine, which also contains coptis rhizome.

In conclusion, orento suppresses IRAK4, IRAK1, and JNK phosphorylation in P. gingi-
valis PAMP-stimulated CAL27 cells. Orento is involved in the initiation of TLR signaling by
PAMP and suppresses downstream signaling pathways such as MAPK cascade and NF-kB
signaling activation by MyD88. Thus, orento may exert anti-inflammatory effects through
TLR signal transduction.

4. Materials and Methods
4.1. Cell Culture

The cell lines, CAL27 (oral squamous cell carcinoma) (American Type Culture Collection,
Manassas, VA, USA), 293-TLR4/MD2-CD14 (InvivoGen, San Diego, CA, USA), and 293-
TLR2/CD14 (InvivoGen), were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM)
(Nissui pharmaceutical, Tokyo, Japan) with 10% fetal bovine serum (FBS), 100 units/mL
penicillin G, and 100 pg/mL streptomycin, at 37 °C in a 5% CO, and 95% air in a humidi-
fied incubator.

4.2. Reagents

The following reagents and antibodies were purchased: orento (Tsumura, Tokyo, Japan);
P. gingivalis LPS (InvivoGen, refer to “PAMP” in this study); 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) (Sigma-Aldrich, St. Louis, MO, USA); Luciferase
Cell Culture Lysis 5X x Reagent (Promega, Madison, WI, USA); streptavidin-horseradish
peroxidase (HRP) (Thermo Fisher Scientific (Biosource), Waltham, MA, USA); SureBlue
TMB Microwell Peroxidase Substrate (SeraCare Life Sciences, Milford, MA, USA); anti-IL-6,
biotinylated anti-IL-6 antibodies (Thermo Fisher Scientific (eBioscience); anti-phosphorylated
IRAK4 and anti-phosphorylated IRAK1 antibodies (Thermo Fisher Scientific (Invitrogen));
anti-IRAK4, anti-IRAK1, anti-phosphorylated JNK, anti-JNK, and anti-MyD88 antibodies
(Santa Cruz Biotechnology, Dallas, TX, USA); anti-f3-actin antibody (Abcam, Cambridge,
UK). The chemical components of orento were analyzed by Tsumura, Tokyo, Japan using a
three-dimensional high-performance liquid chromatography profile (Figure 5).
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Figure 5. Three-dimensional high-performance liquid chromatography profile of orento (provided
by Tsumura, Tokyo, Japan).

4.3. Plasmid Construction

The human IL-6 promoter region, which is the sequence spanning base pairs 2636
to 5035, with GenBank accession number NG_011640, was synthesized by Azenta Inc.
(Chelmsford, MA, USA). This fragment was provided by cloning into pUC57-Kan (Azenta)
(named pUC-Kan-hIL-6pro). The Kpn I-Xho I fragment of the IL-6 promoter from pUC-Kan-
hIL-6pro was inserted into the same sites of pUC-Luc (in which the fragment containing
the luciferase gene and SV40 polyadenylation signal from PGV-B2 (TOYO INK, Tokyo,
Japan) was cloned into pUC18) (named phlL-6pro-Luc).

4.4. MTT Assay

CAL27 cells (1 x 10%) were cultured with 10, 100, and 1000 ng/mL of orento for 24 h.
The subsequent procedures were performed as described elsewhere [26]. The cells were
cultured with 10 mL of 5 mg/mL MTT for 4 h. After the addition of 0.04 N HCl-isopropanol
(100 mL) to the medium, the produced formazan was completely dissolved. Then, samples
were measured by the microplate reader (595/655 nm (test/reference)).

4.5. Enzyme-Linked Immunosorbent Assays (ELISAs)

The ELISAs were performed as described in the user manual of CytoSet kits (Thermo
Fisher Scientific (BioSource)) [27]. CAL27 cells (1 x 10%) were cultured with a mixture of
P. gingivalis PAMP (100 ng/mL) and orento (10 ng/mL) for 24 h. Then, the culture media
were collected. IL-6 in the culture media was reacted with the anti-IL-6 (1 ug/mL) antibody
for coating and the biotinylated anti-IL-6 (0.6 pg/mL) antibody for detection at 4 °C for
1 day. Then, streptavidin-HRP diluted 1000-fold was added to the above reaction solution
and placed atr. t. for 1 h. After HRP had been reacted with peroxidase substrate at r. t. for
45 min, the samples were measured by the microplate reader (450/655 nm (test/reference)).
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4.6. Transfection and Luciferase Assay

phIL-6pro-Luc (1 nug) and pRSV-k-gal (0.1 pug, standard plasmid) were mixed with
TransIT-LT1 reagents (Mirus Bio, Madison, WI, USA). plgk-Luc (a reporter plasmid with
the NF-kB binding sequence, 0.5 nug) and pRSV-k-gal (0.05 pg) were also mixed with
TransIT-LT1 reagents. After placed atr. t. for 30 min, the mixture containing phlIL-6pro-Luc
was added to CAL27 cells (3 x 10°). The mixture containing plgk-Luc was also added to
293-TLR4/MD2-CD14 and 293-TLR2/CD14 cells (3 x 10°). One day after transfection, the
cells were incubated with orento (1000 ug/mL) for 24 h. The cells were then stimulated
with P. gingivalis PAMP (100 ng/mL) and cultured for 6 h, followed by harvesting. The cells
were lysed with luciferase cell culture lysis reagent at r. t. for 15 min. After centrifugation,
the lysates were reacted with reaction solutions for luciferase and (3-galactosidase and their
activities were measured by the luminometer [27]. The experiments were performed in
triplicate for each test group. The luciferase activities were normalized with the standard
(B-galactosidase activity) and the values of various samples were compared to that of
pUC-Lug, or of plgk-Luc without stimulation.

4.7. Western Blotting and Immunoprecipitation

Western blotting and immunoprecipitation analyses were performed as described previ-
ously [26,27]. Briefly, CAL27 cells (4 x 10°) were cultured in serum free DMEM containing
10 ug/mL orento for 24 h and then stimulated with 100 ng/mL P. gingivalis PAMP for 30 min.
For Western blotting, the lysates from the above cells were prepared with RIPA buffer. After
electrophoresis of the cell lysates, proteins were transferred to polyvinylidene difluoride mem-
brane. Proteins on the membrane were reacted with the antibodies shown in Figures 3 and 4.
For immunoprecipitation analysis, MyD88 in proteins extracted from the above cells were
reacted with anti-MyD88 antibody by rotating at 4 °C for 1 h. The protein-antibody complex
was bound to protein G Sepharose at 4 °C for 1 h. The precipitates obtained by centrifu-
gation were washed. After precipitates and cell lysates had been electrophoresed on 10%
SDS-polyacrylamide gel, Western blotting was performed with anti-pIRAK4 and anti-IRAK4
antibodies. Conversely, immunoprecipitation with anti-IRAK4 antibody was followed by
Western blotting with anti-MyD88 and anti-pIRAK4 antibodies.

4.8. Statistical Analysis

Quantitative data were statistically analyzed using one-way analysis of variance
(ANOVA) followed by Tukey’s test (StatMate software (ATMS, Chiba, Japan)). Differences
were considered to be significant at p < 0.05.

Author Contributions: Conceptualization, Y.I. and H.O.; methodology, Y.I. and H.O.; investigation,
Y.L, YM. and H.O.; writing—original draft preparation, H.O.; writing—review and editing, Y.I., YM.,
KM. and H.O,; visualization, Y.I,, YM. and K.M.; supervision, H.O.; project administration, H.O. and
Y.I. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Ministry of Education, Science, Sports and Culture,
Grant-in-Aid for Scientific Research (C) (18K09929) and (22K10324).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Wang, P-L.; Kaneko, A. Introduction to Kampo medicine for dental treatment—Oral pharmacotherapy that utilizes the advantages
of Western and Kampo medicines. Jpn. Dent. Sci. Rev. 2018, 54, 197-204. [CrossRef] [PubMed]

2. Tsumura & Co. Tsumura Orento Extract Granules for Ethical Use, 4th ed.; Tsumura & Co.: Tokyo, Japan, 2007.

3. Momota, Y.; Takano, H.; Azuma, M. Effectiveness of Kampo Medicines Against Intractable Stomatitis: A Mini-Review. Int. J. Med.
Dent. Sci. 2019, 8, 1709-1714. [CrossRef]


http://doi.org/10.1016/j.jdsr.2018.03.004
http://www.ncbi.nlm.nih.gov/pubmed/30302138
http://doi.org/10.18311/ijmds/2019/22935

Int. . Mol. Sci. 2023, 24, 697 90f9

10.

11.
12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Nwizu, N.; Wactawski-Wende, J.; Genco, R.J. Periodontal disease and cancer: Epidemiologic studies and possible mechanisms.
Periodontology 2020, 83, 213-233. [CrossRef] [PubMed]

Bourgeois, D.; Inquimbert, C.; Ottolenghi, L.; Carrouel, F. Periodontal Pathogens as Risk Factors of Cardiovascular Diseases,
Diabetes, Rheumatoid Arthritis, Cancer, and Chronic Obstructive Pulmonary Disease—Is There Cause for Consideration?
Microorganisms 2019, 7, 424. [CrossRef]

Costalonga, M.; Herzberg, M.C. The oral microbiome and the immunobiology of periodontal disease and caries. Immumnol. Lett.
2014, 162, 22-38. [CrossRef]

Kerr, J.E.; Abramian, J.R.; Dao, D.-H.V,; Rigney, T.W.,; Fritz, J.; Pham, T.; Gay, I.; Parthasarathy, K.; Wang, B.-Y.; Zhang, W.; et al.
Genetic Exchange of Fimbrial Alleles Exemplifies the Adaptive Virulence Strategy of Porphyromonas gingivalis. PLoS ONE 2014,
9, €91696. [CrossRef]

Katz, ].N.; Onate, M.D.; Pauley, K.M.; Bhattacharyya, I.; Cha, S. Presence of Porphyromonas gingivalis in gingival squamous cell
carcinoma. Int. J. Oral Sci. 2011, 3, 209-215. [CrossRef]

Oh, H.; Masuno, K.; Okusa, N.; Makita, Y.; Fujiwara, S.-I.; Imamura, Y. Effect of Orento, a Traditional Japanese Medicine, on IL-6,
IL-8 Secretion, Type 1 Collagen Production and Alkaline Phosphatase Secretion in the Human Osteosarcoma Cell Line Saos-2.
Medicines 2020, 7, 61. [CrossRef]

Sharma, N.; Akhade, A.S.; Ismaeel, S.; Qadri, A. Serum-borne lipids amplify TLR-activated inflammatory responses. J. Leukoc.
Biol. 2020, 109, 821-831. [CrossRef]

Hirano, T. IL-6 in inflammation, autoimmunity and cancer. Int. Immunol. 2020, 33, 127-148. [CrossRef]

Yao, Q.-W.; Zhou, D.-S.; Peng, H.-].; Ji, P; Liu, D.-S. Association of periodontal disease with oral cancer: A meta-analysis. Tumor
Biol. 2014, 35, 7073-7077. [CrossRef] [PubMed]

Gare, J.; Kanoute, A.; Meda, N.; Viennot, S.; Bourgeois, D.; Carrouel, F. Periodontal Conditions and Pathogens Associated with
Pre-Eclampsia: A Scoping Review. Int. J. Environ. Res. Public Health 2021, 18, 7194. [CrossRef] [PubMed]

Martinon, P.; Fraticelli, L.; Giboreau, A.; Dussart, C.; Bourgeois, D.; Carrouel, F. Nutrition as a Key Modifiable Factor for
Periodontitis and Main Chronic Diseases. J. Clin. Med. 2021, 10, 197. [CrossRef] [PubMed]

Nativel, B.; Couret, D.; Giraud, P.; Meilhac, O.; D’'Hellencourt, C.L.; Viranaicken, W.; Da Silva, C.R. Porphyromonas gingivalis
lipopolysaccharides act exclusively through TLR4 with a resilience between mouse and human. Sci. Rep. 2017, 7, 15789. [CrossRef]
[PubMed]

Palani, C.D.; Ramanathapuram, L.; Lam-Ubol, A.; Kurago, Z.B. Toll-like receptor 2 induces adenosine receptor A2a and promotes
human squamous carcinoma cell growth via extracellular signal regulated kinases 1/2. Oncotarget 2018, 9, 6814-6829. [CrossRef]
Snyder, M.L.; Snyder, G.A. Cobbling Together the Myddosome. Structure 2020, 28, 598-600. [CrossRef]

Deliz-Aguirre, R.; Cao, F; Gerpott, EH.U.; Auevechanichkul, N.; Chupanova, M.; Mun, Y.; Ziska, E.; Taylor, M.]. MyD88 oligomer
size functions as a physical threshold to trigger ILIR Myddosome signaling. . Cell Biol. 2021, 220, e202012071. [CrossRef]
Ferrao, R.; Zhou, H.; Shan, Y; Liu, Q.; Li, Q.; Shaw, D.E.; Li, X.; Wu, H. IRAK4 Dimerization and trans -Autophosphorylation Are
Induced by Myddosome Assembly. Mol. Cell 2014, 55, 891-903. [CrossRef]

Shang, L.; Deng, D.; Buskermolen, ].K.; Roffel, S.; Janus, M.M.; Krom, B.P.; Crielaard, W.; Gibbs, S. Commensal and Pathogenic
Biofilms Alter Toll-Like Receptor Signaling in Reconstructed Human Gingiva. Front. Cell Infect. Microbiol. 2019, 9, 282. [CrossRef]
Akhtar, M.; Guo, S.; Guo, Y.-E; Zahoor, A.; Shaukat, A.; Chen, Y.; Umar, T.; Deng, P.G.; Guo, M. Upregulated-gene expression of
pro-inflammatory cytokines (TNF-c, IL-1p and IL-6) via TLRs following NF-kB and MAPKSs in bovine mastitis. Acta Trop. 2020,
207, 105458. [CrossRef]

Song, D.; Hao, J.; Fan, D. Biological properties and clinical applications of berberine. Front. Med. 2020, 14, 564-582. [CrossRef]
[PubMed]

Saliasi, I.; Llodra, J.C.; Bravo, M.; Tramini, P.; Dussart, C.; Viennot, S.; Carrouel, F. Effect of a Toothpaste/Mouthwash Containing
Carica papaya Leaf Extract on Interdental Gingival Bleeding: A Randomized Controlled Trial. Int. ]. Environ. Res. Public Health
2018, 15, 2660. [CrossRef] [PubMed]

Mo, C.; Wang, L.; Zhang, J.; Numazawa, S.; Tang, H.; Tang, X.; Han, X.J.; Li, J.; Yang, M.; Wang, Z.; et al. The Crosstalk Between
Nrf2 and AMPK Signal Pathways Is Important for the Anti-Inflammatory Effect of Berberine in LPS-Stimulated Macrophages
and Endotoxin-Shocked Mice. Antioxid. Redox Signal. 2014, 20, 574-588. [CrossRef] [PubMed]

Sun, S.-F,; Zhao, T.-T.; Zhang, H.-J.; Huang, X.-R.; Zhang, W.-K_; Zhang, L.; Yan, M.-H.; Dong, X.; Wang, H.; Wen, Y.-M.; et al.
Renoprotective effect of berberine on type 2 diabetic nephropathy in rats. Clin. Exp. Pharmacol. Physiol. 2015, 42, 662-670.
[CrossRef]

Imamura, Y.; Wang, P-L.; Masuno, K.; Sogawa, N. Salivary protein histatin 3 regulates cell proliferation by enhancing p27 Kip1
and heat shock cognate protein 70 ubiquitination. Biochem. Biophys. Res. Commun. 2016, 470, 269-274. [CrossRef]

Imamura, Y.; Wang, P-L. Salivary histatin 3 inhibits heat shock cognate protein 70-mediated inflammatory cytokine production
through toll-like receptors in human gingival fibroblasts. . Inflamm. 2014, 11, 4. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1111/prd.12329
http://www.ncbi.nlm.nih.gov/pubmed/32385885
http://doi.org/10.3390/microorganisms7100424
http://doi.org/10.1016/j.imlet.2014.08.017
http://doi.org/10.1371/journal.pone.0091696
http://doi.org/10.4248/IJOS11075
http://doi.org/10.3390/medicines7100061
http://doi.org/10.1002/JLB.3AB0720-241RR
http://doi.org/10.1093/intimm/dxaa078
http://doi.org/10.1007/s13277-014-1951-8
http://www.ncbi.nlm.nih.gov/pubmed/24756759
http://doi.org/10.3390/ijerph18137194
http://www.ncbi.nlm.nih.gov/pubmed/34281133
http://doi.org/10.3390/jcm10020197
http://www.ncbi.nlm.nih.gov/pubmed/33430519
http://doi.org/10.1038/s41598-017-16190-y
http://www.ncbi.nlm.nih.gov/pubmed/29150625
http://doi.org/10.18632/oncotarget.23784
http://doi.org/10.1016/j.str.2020.05.006
http://doi.org/10.1083/jcb.202012071
http://doi.org/10.1016/j.molcel.2014.08.006
http://doi.org/10.3389/fcimb.2019.00282
http://doi.org/10.1016/j.actatropica.2020.105458
http://doi.org/10.1007/s11684-019-0724-6
http://www.ncbi.nlm.nih.gov/pubmed/32335802
http://doi.org/10.3390/ijerph15122660
http://www.ncbi.nlm.nih.gov/pubmed/30486374
http://doi.org/10.1089/ars.2012.5116
http://www.ncbi.nlm.nih.gov/pubmed/23875776
http://doi.org/10.1111/1440-1681.12402
http://doi.org/10.1016/j.bbrc.2016.01.072
http://doi.org/10.1186/1476-9255-11-4

	Introduction 
	Results 
	Effects of Orento on Cell Survival 
	Effects of Orento on PAMP-Stimulated IL-6 Production and Activation of Its Promoter in CAL27 Cells 
	Effect of Orento on Protein Phosphorylation involved in PAMP-Mediated Signal Transduction Cascades 
	Inhibitory Effect of Orento on Binding between MyD88 and IRAK4 

	Discussion 
	Materials and Methods 
	Cell Culture 
	Reagents 
	Plasmid Construction 
	MTT Assay 
	Enzyme-Linked Immunosorbent Assays (ELISAs) 
	Transfection and Luciferase Assay 
	Western Blotting and Immunoprecipitation 
	Statistical Analysis 

	References

