Pre prints.org

Article Not peer-reviewed version

Cepharanthin®, an Alkaloid Mixture
Derived from Stephania cephalantha
Hayata Suppresses the Activation of T-
lymphocytes and the Inflammatory
Response of Epithelial Cells in In Vitro
Oral Lichen Planus Model

Ryo Shiraishi, Yuske Komiyama , Yoshiaki Kitsukawa , Aya Koike , Toshiki Hyodo , Yosuke Kunitomi,
Erika Yaguchi, Tomonori Hasegawa , Wataru Kotani, Rei Wada , Saki Tamegaya , Chonji Fukumoto,

Takahiro Wakui " , Hitoshi Kawamata i

Posted Date: 14 August 2024
doi: 10.20944/preprints202408.1009v1

Keywords: oral lichen planus; Stephania cephalantha Hayata; cepharanthine; IL-13; NF-xB

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3755367
https://sciprofiles.com/profile/3452510
https://sciprofiles.com/profile/1226235
https://sciprofiles.com/profile/3287791
https://sciprofiles.com/profile/1191576

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 August 2024 d0i:10.20944/preprints202408.1009.v1

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.

Article
Cepharanthin®, an Alkaloid Mixture Derived from

Stephania cephalantha Hayata Suppresses the
Activation of T-Lymphocytes and the Inflammatory
Response of Epithelial Cells in In Vitro Oral Lichen
Planus Model

Ryo Shiraishi 1t, Yuske Komiyama !*, Yoshiaki Kitsukawa 12, Aya Koike 1, Toshiki Hyodo 3,
Yosuke Kunitomi !, Erika Yaguchi !, Tomonori Hasegawa 4, Wataru Kotani 5, Rei Wada 1,
Saki Tamegaya ', Chonji Fukumoto !, Takahiro Wakui ** and Hitoshi Kawamata *

! Department of Oral and Maxillofacial Surgery, Dokkyo Medical University School of Medicine,
Shimotsuga, Mibu 321-0293, Tochigi, Japan; ryo-s@dokkyomed.ac.jp (R.S.); y-komi@dokkyomed.ac.jp
(Y.K)); y-kitsukawa@dokkyomed.ac.jp (Y.K.); a-koike362@dokkyomed.ac.jp (A.K.);
hyodol4@dokkyomed.ac.jp (T.H.); kunitomi@dokkyomed.ac.jp (Y.K.); eri-yagu@dokkyomed.ac.jp (E.Y.);
hase-t@dokkyomed.ac.jp (T.H.); w.kotani@icloud.com (W.K.); r-wada@dokkyomed.ac.jp (R.-W.); s-
tamegaya@dokkyomed.ac.jp (S.T.); chonji-f@dokkyomed.ac.jp (C.F.); t-wakui@dokkyomed.ac.jp (T.W.); h-
kawama@dokkyomed.ac.jp (H.K.)

2 Utsunomiya General Service Corps, Japan Ground Self-Defense Forces, Utsunomiya 321-0145, Tochigi,
Japan

3 Section of Dentistry, Oral and Maxillofacial Surgery, Sano Kosei General Hospital, Sano 327-8511, Tochigi,
Japan

4 Section of Dentistry, Oral and Maxillofacial Surgery, Kamitsuga General Hospital, Kanuma 322-8550,
Tochigi, Japan

5 Concier Medical Lounge, Chiyoda, Tokyo 102-0074, Japan

* Correspondence: t-wakui@dokkyomed.ac.jp (T.W.); h-kawama@dokkyomed.ac.jp (H.K.);

Tel.: +81-282-87-2169 (H.K.); Fax.: +81-282-86-7644 (H.K.)

t These authors contributed equally to this work.

Abstract: Oral lichen planus (OLP) is a chronic inflammatory mucosal disease, and an apparent cause has not
been identified. OLP is refractory to treatment, and malignant transformation has been reported. Therefore,
discovering effective drugs with few adverse effects over long-term administration is crucial. In this study, we
established an in vitro OLP model to investigate the effects of Cepharanthin®, an alkaloid mixture derived from
Stephania cephalantha Hayata. Four alkaloids from Cepharanthin® suppressed the expression of cytokine genes
at various degrees in activated T cells. However, the effect of Cepharanthin® was limited. On the other hand,
Cepharanthin® and four alkaloids suppressed the expression of various cytokine genes in human oral epithelial
cells when stimulated with IL-B. In the OLP model, activated T cells increased the inflammatory gene
expression in the epithelial cells, while Cepharanthin® suppressed their gene expression. Anti-inflammatory
effect of Cepharanthin® was observed by protein dot blot. The effects of Cepharanthin® might be expressed
through two aspects: its effect of mildly suppressing the activation of T lymphocytes and strongly suppressing
the response of epithelial cells to inflammatory stimuli. The in vitro model established in this study could be a
tool for elucidating the mechanisms of OLP pathogenesis and disease persistence.

Keywords: oral lichen planus; Stephania cephalantha Hayata; cepharanthine; IL-13; NF-xB

1. Introduction

Oral lichen planus (OLP) is a chronic inflammatory mucosal disease, and an apparent cause has
not yet been identified [1-3]. It is also known as one of the oral potentially malignant disorders [4].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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OLP forms reticulated or mottled white lesions on the oral mucosa as a result of abnormal
keratinization of squamous epithelium. OLP sometimes presents with erythematous lesions due to
thinning, erosions, and ulcerations of squamous epithelium. Patients with OLP often experience
discomfort and contact pain during ingestion, which interferes with daily life [5,6]. OLP is refractory
to treatment, and malignant transformation has been reported [7-11].

Histopathologically, OLP often shows lymphocytic infiltration dominated in T-cells at the
lamina propria of oral epithelium, basement membrane disruption, saw-tooth rete ridges, and
hyperkeratinization of the epithelial cells [1,12-15]. However, the mechanism of lymphocyte
infiltration and activation in OLP, whether it is an autoimmune, allergic, or infectious disease, has
not been elucidated [16].

To date, there is no radical treatment for OLP, and it is treated by symptomatic treatment [15].
Even if OLP is temporarily cured or improved by some treatments, many cases recur when the
treatment is quit [13]. Ideally, the causative factor of OLP should be eliminated with radical treatment,
and the lesions should disappear completely. However, because we cannot remove the unknown
causative factor, the treatment goal would be to maintain the lesion at least as a chronic inactive state
by using symptomatic treatment [17]. To achieve this goal, it is necessary to discover effective drugs
with few adverse effects over long-term administration. Experimental models to validate
pharmaceutical candidate drugs should be established for this purpose.

Cepharanthin®is a medicinal product containing biscoclaurine alkaloid extracted from Stephania
cepharantha Hayata and composed mainly of cepharanthine (19.5-33.5%), isotetrandrine (25.0-39.0%),
berbamine (7.0-16.5%) and cycreanine (6.5-16.5%) [18]. Cepharanthine has been reported to inhibit
the NF-«B signaling pathway [19], activate the 5' adenosine monophosphate-activated protein kinase
(AMPK) signaling pathway [20], and inhibit the signal transducer and activator of transcription 3
(STAT3) signaling pathway [21]. Isotetrandrine and berbamine have been reported to inhibit the NF-
kB pathway [22,23], and cycreanine inhibits the production of tumor necrosis factor-a (TNF-a) [24].
Based on these mechanisms, Cepharanthin® is considered effective for the treatment of OLP in Japan
and has been used for a long time clinically [17,25]. Cepharanthin® has also been used to treat
radiation-induced leukopenia, alopecia areata, pit viper bite, and exudative otitis media catarrh.
Historically, it has also been used for tuberculosis, whooping cough, asthma, gastritis, and gastric
ulcer in Japan [20]. It has recently been reported to be effective against COVID-19 infection [26].

As described above, although Cepharanthin® has proven to be safe for long-term use and has
long been used clinically as an effective treatment for OLP, its precise mechanism of action is unclear
[17,25]. In this study, we used a newly established in vitro OLP model to investigate the effects of
Cepharanthin® and its components on lymphocyte activation and the response of oral mucosal
epithelial cells to inflammatory cytokines in order to clarify a mechanism of the action of
Cepharanthin®.

2. Results

2.1. Effects of Cepharanthine, Isotetrandrine, Berbamine, Cycreanine, and Cepharanthin® on the Activation of
Human Acute T-Cell Leukemia Cell Line (Jurkat E6.1)

In Jurkat E6.1, treatment with Phorbol 12-myristate 13-acetate (PMA)/Ionomycin increased the
expression of IL-1f3 and TNF-a genes (Figure la-e). Thereafter, cepharanthine, isotetrandrine, and
berbamine markedly suppressed the increase in gene expression of IL-1f3 and TNF-a, but there was
no clear concentration dependence (Figure la-c). Cycreanine also mildly suppressed the increase in
gene expression of IL-13 and TNF-«a (Figure 1d). On the other hand, Cepharanthin® a mixture of
these components as a drug formulation, did not affect the increase in gene expression of IL-1p3, but
Cepharanthin® at 1 uM and 10 uM slightly suppressed the increase in gene expression of TNF-a
(Figure 1e).
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Figure 1. Effects of cepharanthine (a), isotetrandrine (b), berbamine (c), cycreanine (d), and
Cepharanthin® (e) on the activation of Jurkat E6.1. The expression of IL-1p and TNF-a was examined
by RT-qPCR.

2.2. Effects of Cepharanthine, Isotetrandrine, Berbamine, Cycreanine, and Cepharanthin® on the Expression
of Various Cytokine Genes Induced by Inflammatory Cytokine Stimulation in an Immortalized Human Oral
Mucosa-Derived Epithelial Cell Line (WTERT-TIGKs)

Treatment of hTERT-TIGKSs with IL-1f increased gene expression of IL-13, TNF-a, and ICAM1
(Figure 2a-e). Thereafter, treatment with cepharanthine, berbamine, and cycreanine suppressed the
increase in gene expression of IL-13 and TNF-a, but no clear concentration dependence was observed
(Figure 2a,c,d). Isotetrandrine treatment did not suppress the increase of IL-1 and TNF-a gene
expression to any extent (Figure 2b). Each drug showed different effects on ICAMI gene expression,
with cepharanthine and cycreanine strongly suppressing the increase of ICAM1 gene expression,
isotetrandrine slightly suppressing it (Figure 2ab,d), and berbamine enhancing it at low
concentrations, and suppressing it at high concentrations (Figure 2c). In contrast, treatment with
Cepharanthin® suppressed the expression of IL-13, TNF-a, and ICAM1 induced by IL-1{3 treatment,
but the concentration dependence was not clear (Figure 2e).
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Figure 2. Effects of cepharanthine (a), isotetrandrine (b), berbamine (c), cycreanine (d), and
Cepharanthin® (e) on the expression of various cytokine genes induced by inflammatory cytokine
stimulation in hTERT-TIGKSs. The expression status of IL-1f3, ICAM1, and TNF-a was examined by
RT-qPCR.

2.3. Effect of Cepharanthin® on Cytokine Gene Expression in "TERT-TIGKs in an In Vitro OLP Model

In an in vitro OLP model, the expressions of IL-13, TNF-a, ICAM1, and Involucrin (IVL) gene in
hTERT-TIGKs were enhanced by activated T cells (PMA/Ionomycin-treated Jurkat E6.1) (Figure 3).
Cepharanthin® markedly suppressed the enhanced IL-18, TNF-«, and IVL gene expressions and
mildly suppressed the ICAM1 gene expression (Figure 3).
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Figure 3. Effect of Cepharanthin® on cytokine gene expression in hTERT-TIGKSs in an in vitro OLP
model. The expression of IL-13, ICAM1, TNF-a, and IVL in hTERT-TIGKs was investigated by RT-
qPCR.

2.4. Effect of Cepharanthin® and/or Activated T Lymphocytes on the Proliferation of "TERT-TIGKs

2.4.1. Effect of Cepharanthin® on the Proliferation of hTERT-TIGKs

We analyzed the cell number of hTERT-TIGKs at 24 h and 48 h after treatment with
Cepharanthin® at 0 uM, 1 uM, and 10 pM. Cepharanthin® marginally affected the cell proliferation
of hTERT-TIGKs at either 1 uM or 10 uM (Figure 4).
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Figure 4. Effect of Cepharanthin® on the proliferation of hTERT-TIGKSs. bars: standard error of the

mean.

2.4.2. Effect of Cephalanthin® on the Influence of Activated T Cells for the Proliferation of hTERT-
TIGKSs in an In Vitro OLP Model

Activated T cells suppressed the proliferation of hTERT-TIGKs in non-contact co-culture.
Cepharanthin® had no significant effect on the inhibitory effect at either 1 uM or 10 uM concentration
(Figure 5).
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Figure 5. Effect of Cephalanthin® on the influence of activated T cells for the proliferation of hTERT-
TIGKS in an in vitro OLP model. bars: standard error of the mean. **: p <0.01.

2.5. Effect of Cepharanthin® on the Production and the Accumulation of Inflammatory Factor Proteins from
Activated T Cells and hTERT-TIGKs in an In Vitro OLP Model

The protein concentration of IL-f3 and TNF-a in the culture medium of non-contact co-culture of
activated T cells and hTERT-TIGKs were examined by ELISA. Co-culture with activated T cells
increased both cytokines, whereas Cepharanthin® treatment had no apparent effect on the increased
cytokines in this experimental condition (Figure 6).
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Figure 6. Effect of Cepharanthin® on the production and the accumulation of inflammatory factor
proteins from activated T cells and hTERT-TIGKS in an in vitro OLP model. The protein amounts of

IL-1 g and TNF-a in each medium were determined by ELISA. bars: standard error of the mean. *: p
<0.05.

Some protein expressions (TIMP2, CCL4 (MIP-1f3), and IL-8) were detectable by dot blotting.
Inflammatory stimuli did not change TIMP2 expression, but its expression was abolished by
Cepharanthin® treatment (Figures 7 and 8). On the other hand, CCL4 (MIP-1P) and IL-8 became
detectable when co-cultured with activated T cells. Induced CCL4 (MIP-1p) protein production was
reduced by Cepharanthin® treatment at 10 uM. Induced production of IL-8 protein was also reduced
by Cephalantin® treatment at 1 pM and 10 pM (Figures 7 and 8). Although 40 inflammatory factor
proteins could be detectable on the blot used in this study, only 3 proteins from 40 were above the
detection limit, and neither IL-1f3 nor TNF-a could be detectable in this dot blotting.
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Figure 7. Effect of Cepharanthin® on the production and the accumulation of inflammatory factor
proteins from activated T cells and hTERT-TIGKSs in an in vitro OLP model. Dot blots of the culture
media derived from the in vitro OLP model are shown. Pos: positive control.
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Figure 8. Effect of Cepharanthin® on the production and the accumulation of inflammatory factor
proteins from activated T cells and hTERT-TIGKSs in an in vitro OLP model. The mean integrated
density within the detected spots is demonstrated in the graph. The mean value of the integrated
density of each spot was calculated.

3. Discussion

This study clarified the effects of Cepharanthin® and its four major components on activated T
cells or an immortalized human oral mucosa-derived epithelial cell line in vitro. Four alkaloids, the
main components of Cepharanthin®, suppressed the expression of cytokine genes at various degrees
in activated T cells. However, the effect of Cepharanthin®, a mixture of these components as a drug
formulation, on the suppression of the induced expression of cytokine genes was limited.
Cepharanthin® is a complex of many alkaloids other than the four components. The effect of
Cepharanthin® as a drug formulation would be expressed as sum total of the effects of each
component. On the other hand, Cepharanthin® and its four components suppressed the expression
of various cytokine genes in hTERT-TIGKs when stimulated with IL-3. The effect was more apparent
than the effect on activated T cells, suggesting that the action of Cepharanthin® in a clinical setting
may be dominant on the epithelium.

In co-culture experiments in an in vitro OLP model, activated T cells increased the gene
expression of IL-18, TNF-a, ICAM1, and IVL in hTERT-TIGKs, while Cepharanthin® suppressed their
gene expression. ICAM] is a molecule involved in the adhesion process between T cells in the
peripheral blood and vascular endothelial cells at the site of inflammation and in the infiltration
process of T cells through blood vessels into the tissues. Increased expression of ICAM1 might cause
OLP-specific T-cell-based lymphocytic infiltration at the lamina propria, and suppression of ICAM1
by Cepharanthin® might inhibit such infiltration. Suppression of epithelial proliferation by activated
T cells could be consistent with changes in mucosal erythema of OLP caused by the thinning of the
epithelial layer, which allows to show the underlying capillaries through the thinning epithelium.
The increase of IVL represents the changes in white lesions due to hyperkeratosis in OLP. The
suppression of cytokine-induced IVL expression by Cepharanthin® is consistent with the clinical
effect of suppressing hyperkeratosis with Cepharanthin® in OLP.
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In the reverse-transcription quantitative real-time polymerase chain reaction (RT-qPCR), we
repeatedly conducted the experiments to obtain consistent results. As a pilot study, we examined the
gene expression by stimulation at different concentrations of Cepharanthin® and its four components
at different time points on each cell type. We determined the appropriate concentration and time
points to detect the effect of the components. If data were collected independently for each
experimental group (n=3), their means and standard deviations were calculated to examine whether
there were significant differences among the groups. However, it was hard to show a significant
difference because the Ct values of the internal control and the target molecule obtained in each well
varied widely, and the ratio of these values increased the variation. In this experiment, we carried
out independent experiments at least three times for each of these molecules and showed one of the
representative results with similar results in Figures.

We examined whether the facts observed in the changes in gene expression could also be
observed at the protein level. IL-1 and TNF-a in medium obtained from non-contact co-cultures of
activated T cells and epithelial cells in an in vitro OLP model were significantly increased. However,
the suppressive effect of Cepharanthin® was not apparent, which might be due to the limited effect
of Cepharanthin® on activated T cells. The cytokine concentration assessed in this experiment is the
sum of proteins produced by both activated T cells and epithelial cells, which would be a limitation
of the present model. The dot-blot experiments also detected the sum of proteins produced from
activated T-cells and cytokine-stimulated epithelial cells. It was considered that CCL4 and IL-8 were
mainly produced from activated T cells and decreased by Cepharanthin® treatment. CCL4 is known
to be a chemotactic factor for various immune cells, and suppression of its expression by
Cepharanthin® may be considered as one of the mechanisms for inhibiting the migration and
aggregation of T lymphocytes. IL-8 is reported to be involved in the NF-«kB pathway as well as IL-13
and TNF-a, suggesting that Cephalantin® may have an anti-inflammatory effect on OLP by
suppressing the NF-kB pathway, as also shown in previous reports [27]. TIMP2 was detected in
unstimulated controls and was not increased by stimulation of activated T cells, whereas its
expression was abolished by Cepharanthin® treatment. The association of MMPs and TIMPs with
basement membrane disruption has been reported previously [28-30]. The disruption is considered
to occur when the balance of MMPs and TIMPs shifts to MMPs activation. In this experiment, we did
not examine the production and activation of MMPs in both cell types, and it may not simply be
interpreted as an increase in basement membrane disruption. It is necessary to investigate not only
the expression of TIMPs but also the expression of MMPs and its balance with the expression and
local activation to conclude the association of the MMPs and TIMPs in OLP pathogenesis.

The in vitro model established in this study could be a tool for elucidating the mechanisms of
OLP pathogenesis and disease persistence. Although the mechanism involving the direct contact
between T cells and epithelial cells cannot be analyzed, it is possible to examine gene expression
specifically for each cell in the interaction by soluble factors.

4. Materials and Methods

4.1. Cell Lines and Cell Culture

hTERT-TIGKs (ATCC, Virginia, USA) and Jurkat E6.1 (ATCC) are used in this study. hTERT-
TIGKs are primary cultured human oral mucosa-derived epithelial cells immortalized with the
human TERT gene [31]. hTERT-TIGKs were cultured in a keratinocyte serum-free medium (KSFM:
Thermo Fisher Scientific Japan, Tokyo, Japan) supplemented with 1% penicillin-streptomycin
solution. Jurkat E6.1 was cultured in RPMI-1640 (FUJIFILM Wako Pure Chemical Corp, Osaka, Japan)
supplemented with 1% penicillin-streptomycin solution. In all experiments, cells were incubated at
37.0°C in humidified air containing 5.0 % COs..
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4.2. Effects of Cepharanthine, Isotetrandrine, Berbamine, Cycreanine, and Cepharanthin® on the Activation of
Jurkat E6.1

As a model to confirm the effects of Cephalanthin® and its components on the activation of T
lymphocytes, we activated Jurkat E6.1 with PMA (Thermo Fisher Scientific) and Ionomycin
(FUJIFILM Wako Pure Chemical Corp.). We examined the effects of cepharanthine, isotetrandrine,
berbamine, cycreanine, and Cepharanthin® on the activated T cells. Jurkat E6.1 cells were cultured
at 5.0x10° cells/well in a 6-well plate and treated with 50 ng/ml of PMA, 2 uM of Ionomycin, and 1
uM and 10 uM of cepharanthine, isotetrandrine, berbamine, cycreanine, and Cepharanthin®,
respectively. Cells were collected after 6 hours of incubation. The expression of IL-13 and TNF-« was
examined by RT-qPCR. Cepharanthine, isotetrandrine, berbamine, cycreanine, and Cepharanthin®
were dissolved in dimethyl sulfoxide (DMSO) at the concentration of 10 mM. Each drug was diluted
to the final concentration of 1 pM and 10 uM in the culture medium and used in the experiments.
The DMSO in each group was adjusted to a constant volume. Cepharanthine, isotetrandrine,
berbamine, cycreanine, and Cepharanthin® were kindly provided by KAKEN SYOYAKU CO, LTD
(Tokyo, Japan).

4.3. Effects of Cepharanthine, Isotetrandrine, Berbamine, Cycreanine, and Cepharanthin® on the Expression
of Various Cytokine Genes Induced by Inflammatory Cytokine Stimulation in hTERT-TIGKSs

We investigated the effects of Cepharanthin® and its components on the expression of various
cytokine genes induced after stimulation in hTERT-TIGKs with inflammatory cytokines. hTERT-
TIGKSs cells were cultured at 1.0x10¢ cells/well in a 6-well plate for 24 hours. Afterward, cells were
treated with 10 ng/ml of IL-13 and 1 uM and 10 uM of cepharanthin, isotetrandrine, berbamine,
cycreanine, and Cepharanthin®, respectively, and incubated for 1 hour. The expression status of IL-
1B, ICAM1, and TNF-a was examined by RT-qPCR. Cepharanthine, isotetrandrine, berbamine,
cycreanine, and Cepharanthin® were dissolved in DMSO, and the DMSO in each group was adjusted
to a constant volume.

4.4. Effect of Cepharanthin® on Cytokine Gene Expression in h"TERT-TIGKs in an In Vitro OLP Model

We established an in vitro OLP model that mimics the liquid factor-mediated reaction between
the epithelium and infiltrating lymphocytes in OLP. Using THINCERT® (GREINER BIO-ONE,
Baden-Wiirttemberg, Germany), hTERT-TIGKs were cultured in the lower layer and activated Jurkat
E6.1 were placed in the insert chamber and co-cultured without cell contact. Using this model, we
confirmed the gene expression of inflammatory cytokines and epithelial cell differentiation marker
in hTERT-TIGKs. We examined the effect of Cepharanthin® on these gene expressions. Jurkat E6.1
cells were treated with 50 ng/ml of PMA and 2 uM of lonomycin in the insert chamber and incubated
for 6 hours to activate Jurkat E6.1. Insert chambers containing activated T cells were placed on
THINCERT®, where hTERT-TIGKs were cultured at 1.0 x 10¢ cells/well in the lower layer. Then, co-
culture continued for 1 hour. Cepharanthin® was added at concentrations of 1 uM and 10 uM, and
the expression of IL-13, ICAM1, TNF-a, and IVL in hTERT-TIGKs was investigated by RT-qPCR.
Cepharanthin® was dissolved in DMSO, and the DMSO in each group was adjusted to a constant
volume.

4.5. RT-gPCR

ISOGEN (Nippon Gene, Tokyo, JAPAN) was used to extract total RNA according to the
manufacturer's protocol. cDNA was synthesized from the obtained RNA using ReverTra Ace® qPCR
RT Master Mix (TOYOBO, OSAKA, JAPAN). gPCR was performed using the Thermal Cycler Dice®
Real Time System II (Version 4.02, TAKARA BIO, Shiga, Japan). Independent experiments were
carried out at least three times for each of these molecules, and one of the representative results with
similar results is shown in Figures.

d0i:10.20944/preprints202408.1009.v1
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4.6. Effect of Cepharanthin® and/or Activated T Lymphocytes on the Proliferation of "\TERT-TIGKs

4.6.1. Effect of Cepharanthin® on the Proliferation of hTERT-TIGKs

The effect of Cepharanthin® on the proliferation of hTERT-TIGKs was investigated. hTERT-
TIGKSs cultured at 1.0x10¢ cells/well were treated with Cephalantin® at concentrations of 0 pM, 1 uM,
and 10 pM, and the cell number was analyzed using Cell Counting Kit-8 (CCK-8; Dojindo, Tokyo,
Japan) at Oh, 24h and 48h.

4.6.2. Effect of Cepharanthin® on the Influence of Activated T Cells on the Proliferation of hTERT-
TIGKSs in an In Vitro OLP Model

Jurkat E6.1 cells were treated with 50 ng/ml of PMA and 2 uM of Ionomycin in the insert chamber
and incubated for 6 hours to activate Jurkat E6.1. Next, the insert chambers containing activated T
cells were placed on THINCERT®, where hTERT-TIGKs were cultured at 1.0 x 10¢ cells/well in the
lower layer. Insert chambers containing non-activated T cells were set up as controls. Cepharanthin®
was added at concentrations of 0 uM, 1 uM, and 10 uM, and the cell number was analyzed at Oh, 24h,
and 48h.

4.7. Effect of Cepharanthin® on the Production and Accumulation of Inflammatory Factor Proteins from
Activated T Cells and hTERT-TIGKs in an In Vitro OLP Model

We investigated the effect of Cephalantin® on the production and accumulation of inflammatory
factor proteins produced from activated T lymphocytes and hTERT-TIGKSs in an in vitro OLP model.
Jurkat E6.1 cells were treated with 50 ng/ml of PMA and 2 uM of Ionomycin in the insert chamber
and incubated for 6 hours to activate Jurkat E6.1. Next, the insert chambers containing activated T
cells were placed on THINCERT®, where hTERT-TIGKs were cultured at 1.0 x 10¢ cells/well in the
lower layer. Insert chambers containing non-activated T cells were set up as controls. Cepharanthin®
was added to each culture system at 1 uM and 10 uM concentrations, and the medium was collected
after 24 hours. The protein amounts of IL-1 3 and TNF-a in each medium were determined by ELISA
(Human IL-1 beta/IL-1F2 ELISA Kit/Human TNF-alpha ELISA Kit, R&D Systems, Minnesota, USA).

Dot blotting was also performed using the Human Inflammation Antibody Array Membrane
(Abcam, Cambridge, UK). Forty inflammatory factor proteins (Eotaxin, Eotaxin-2, GCSF, GM-CSF,
ICAM-1, IEN-y, I-309, IL-1at, IL-1B, IL-2, IL-3, IL-4, IL-6, IL-6sR, IL-7, IL-8, IL-10, IL-11, IL-12p40, IL-
12p70, 1L-13, IL-15, IL-16, IL-17, IP-10, MCP-1, MCP-2, M-CSF, MIG, MIP-1a, MIP-13, MIP-10,
RANTES, TGF-f1, TNF-a, TNF-f, sTNF-RI, sTNE-RII, PDGF-BB, TIMP-2) are detectable on this
membrane. Dot blots were performed according to the provider's protocol, and chemiluminescence
imaging was performed using a CCD camera, WSE-6100 LuminoGraph I (ATTO Corp, Tokyo, Japan).
The images obtained were analyzed in Image ] (National Institute of Health, Bethesda, Maryland,
U.S.A)) [32]. The region of interest was set to be a fixed area, and the integrated density within the
region was calculated. The mean value of the integrated density of each spot was calculated.

4.8. Statistical Analysis

Statistical analysis was performed using IBM SPSS ver. 29 (IBM SPSS, Inc., Tokyo, Japan).
Tukey's method was used as a post-hoc analysis for proliferation experiments, and the student’s t-
test was used for ELISA experiments. P-values less than 0.05 were considered statistically significant.

5. Conclusions

The results of this study suggest that Cepharanthin® may exert its clinical effects on OLP by
suppressing lymphocyte infiltration, thinning of the epithelial layer, and hyperkeratosis. The effects
of Cepharanthin® might be expressed through two aspects: its effect of mildly suppressing the
activation of T lymphocytes and strongly suppressing the response of epithelial cells to inflammatory
stimuli.
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