
RESEARCH ARTICLE

Tea polyphenols inhibit IL-6 production in tumor

necrosis factor superfamily 14-stimulated

human gingival fibroblasts

Yoshitaka Hosokawa1, Ikuko Hosokawa1, Kazumi Ozaki2, Tadashi Nakanishi1, Hideaki Nakae1

and Takashi Matsuo1

1 Department of Conservative Dentistry and Institute of Health Biosciences, The University of Tokushima Graduate
School, Tokushima, Tokushima, Japan

2 Department of Oral Health Care Promotion, School of Oral Health and Welfare, Faculty of Dentistry,
The University of Tokushima, Tokushima, Tokushima, Japan

Received: November 12, 2009

Revised: February 26, 2010

Accepted: March 5, 2010

IL-6 is well recognized to be a potent bone resorptive agent and thus in the development of

periodontal disease. Epigallocatechin gallate (EGCG) and epicatechin gallate (ECG), the

major catechins in green tea, and theaflavin-3,30-digallate (TFDG), polyphenol in black tea,

have multiple beneficial effects, but the effects of catechins and theaflavins on

IL-6 production in human gingival fibroblasts (HGFs) are not known. In this study, we

investigated the mechanisms by which EGCG, ECG, and TFDG inhibit tumor necrosis factor

superfamily 14 (TNFSF14)-induced IL-6 production in HGFs. We detected TNFSF14 mRNA

expression in human diseased periodontal tissues. TNFSF14 increased IL-6 production in

HGFs in a concentration-dependent manner. EGCG, ECG, and TFDG prevented TNFSF14-

mediated IL-6 production in HGFs. EGCG, ECG, and TFDG prevented TNFSF14-induced

extracellular signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK), and nuclear

factor-kB activation in HGFs. Inhibitors of ERK, JNK, and nuclear factor-kB decreased

TNFSF14-induced IL-6 production. In addition, EGCG, ECG, and TFDG attenuated

TNFSF14 receptor expression on HGFs. These data provide a novel mechanism through

which the green tea and black tea polyphenols could be used to provide direct benefits in

periodontal disease.
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1 Introduction

Periodontitis is a chronic bacterial infection of tooth-

supporting structures. It causes destruction of periodontal

connective tissues and bone. The initiation and progression

of the disease result from the host response to plaque

bacteria [1]. IL-6 is a proinflammtory cytokine, which has

been considered to be related to the pathogenesis of peri-

odontal disease. It was reported that IL-6 levels in inflamed

gingival tissues were higher that those in healthy tissues [2].

Recently, it has been reported that IL-6 is involved in bone
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resorption to induce receptor activator of nuclear factor kB

ligand expression in some types of cells [3].

Gingival fibroblasts, the major cell type in periodontal

connective tissues, provide a tissue framework for tooth

anchorage. Until recently, they were presumed to be

immunologically inert. Currently, however, researchers

recognize their active role in host defense. Upon stimulation

with cytokines or bacterial pathogens, human gingival

fibroblasts (HGFs) secrete various soluble mediators

of inflammation such as IL-6, IL-8, and chemokines [4–10].

These fibroblast-derived mediators are thought to play

an important role in the periodontal inflammatory

response.

Tumor necrosis factor superfamily 14 (TNFSF14;

lymphotoxin-like, exhibits inducible expression, and

competes with herpes simplex virus glycoprotein D for

herpes simplex virus entry mediator (HVEM), a receptor

expressed by T lymphocytes (LIGHT)) is a cytokine in the

TNF superfamily that is involved in innate and adaptive

immune responses. TNFSF14 is signaling through

two distinct members of the TNF receptor superfamily,

HVEM and lymphotoxin b receptor (LTbR), and can also

bind to the soluble decoy receptor 3. It has been reported

that TNFSF14 is important for the initiation of various

autoimmune diseases, such as inflammatory bowel disease

and rheumatoid arthritis through effects on T cells and

T-cell homing into inflamed tissues [11]. However, the effect

of TNFSF14 on the pathogenesis of periodontal disease is

uncertain.

Catechins are naturally occurring polyphenolic

compounds, which have been shown to have anti-inflam-

matory, antioxidant, and free radical scavenging properties

in vitro [12, 13]. For example, epigallocatechin gallate

(EGCG), one of the major isoforms of the catechins, has

been shown to inhibit the infiltration of leukocytes and

myeloperoxidase activity and to decrease UV-B induced

erythema [14]. Catechins have also been shown to decrease

the production of the proinflamatory cytokines IL-1b and

TNF-a and to enhance the production of the anti-inflam-

matory cytokine IL-10 [15, 16]. However, reports concerning

the effects of catechins on IL-6 production are few.

Theaflavins are the major polyphenols in black tea.

Theaflavins are categorized into following forms: theaflavin,

theaflavin-3-gallate, theaflavin-3’-gallate, and theaflavin-3,30-

digallate (TFDG). It was reported that TFDG has strong

biological effects, including antioxidant effect, compared

with other theaflavins [17]. However, the effect of TFDG on

cytokine production is still unknown.

The aim of this study was to examine the effect of

TNFSF14 on IL-6 production in HGFs. Moreover, we

examined the effects of EGCG, epicatechin gallate (ECG),

and TFDG on IL-6 production in TNFSF14-stimulated

HGFs. Furthermore, we investigated whether catechins and

theaflavin treatment modified mitogen-activated protein

kinases (MAPK) and nuclear factor kB (NF-kB) activation in

TNFSF14-stimulated HGFs.

2 Materials and methods

2.1 Gingival tissue biopsies and cell culture

Tissue samples were obtained at surgery from the inflamed

gingiva of patients diagnosed with chronic periodontitis or

from the gingivae of clinically healthy subjects. All gingival

biopsy sites in the chronic periodontitis group exhibited

radiographic evidence of bone destruction, as well as having

clinical probing depths greater than 4 mm, with sulcular

bleeding on probing; otherwise the patients were systemi-

cally healthy. We collected samples after basic periodontal

therapy such as scaling. Samples of gingival tissues were

obtained from nine chronic periodontitis patients (four

males and five females, average age: 61.079.8, average

probing depth: 6.3372.06, average attachment loss:

7.0272.26) and five healthy control subjects (five females,

average age: 31.279.8, average probing depth: 2.470.54,

average attachment loss: 2.770.57). We used two clinically

healthy gingival samples and eight chronic periodontitis

samples for RT-PCR. We used HGFs that were isolated

from three clinically healthy gingvae. The gingival speci-

mens were cut into small pieces and transferred to culture

dishes. The HGFs that grew from the gingivae were

primarily cultured on 100 mm2 uncoated plastic dishes in

DMEM (Sigma, St. Louis, MO, USA) supplemented with

10% fetal bovine serum (Gibco, Grand Island, NY, USA)

and antibiotics (penicillin G: 100 units/mL, streptomycin:

100mg/mL) at 371C in humidified air with 5% CO2.

Confluent cells were transferred and cultured for use in the

present study. After three to four subcultures with trypsi-

nization, the cultures contained homogeneous, slim, and

spindle-shaped cells growing in characteristic swirls. The

cells were used for experiments after five passages.

Informed consent was obtained from all subjects partici-

pating in this study. The study was performed with the

approval and compliance of the University of Tokushima

Ethical Committee (329).

2.2 RNA extraction and RT-PCR analysis

Total RNA was prepared from gingival biopsies using the

Rneasy total RNA isolation Kit (Qiagen, Hilden, Germany).

Single-strand cDNA for a PCR template was synthesized

from 48 ng of total RNA using a primer, oligo(dT)12–18

(Invitrogen, Carlsbad, CA, USA) and superscript 3 reverse

transcriptase (Invitrogen) under the conditions indicated by

the manufacturer. Specific primers were designed from

cDNA sequence for TNFSF14 and glyceraldehydes-3-phos-

phate dehydrogenase (GAPDH). Each cDNA was amplified

by PCR using Hot star Taq DNA polymerase (Qiagen). The

sequences of the primers were as follows: TNFSF14-F

(50-CAAGAGCGAAGGTCTCACGAGGTC-30), TNFSF14-R

(50-TCACACCATGAAAGCCCCGAAGTAAG-30), GAPDH-F

(50-TGAAGGTCGGAGTCAACGGATTTGGT-30), and
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GAPDH-R (50-CATGTGGGCCATGAGGTCCACCAC-30).

The conditions for PCR were 1� (951C, 15 min), 35�

(941C, 1 min, 591C, 1 min, 721C, 1 min) and 1� (721C,

10 min). The products were analyzed on a 1.5% agarose gel

containing ethidium bromide. We could not detect any

bands when we performed PCR without adding the cDNA

template in this study.

2.3 IL-6 production in HGFs

The HGFs were stimulated with TNFSF14 (Peprotech, Rocky

Hill, NJ, USA) for 24 h. The supernatants from the HGFs

were collected, and the IL-6 concentrations of the culture

supernatants were measured in triplicate with ELISA. Duoset

(R&D systems, Minneapolis, MN, USA) was used for the

determination. All assays were performed according to the

manufacturer’s instructions, and cytokine levels were deter-

mined using the standard curve prepared for each assay. In

selected experiments, the HGFs were cultured for 1 h in the

presence or absence of EGCG (5 or 50mg/mL: Sigma), ECG

(5 or 50mg/mL: Sigma), TFDG (5 or 50mg/mL: Nagara

Science, Gifu, Japan), PD98059 (20mM: Santa Cruz Biotech-

nology, Santa Cruz, CA, USA), SP600125 (20mM; Sigma), or

Bay11-7085 (20mM: BIOMOL, Plymouth Meeting, PA, USA)

prior to their incubation with TNFSF14.

2.4 Western blot analysis

To confirm the TNFSF14-induced phosphorylation of signal

transduction molecules, Western blot analysis was

performed. HGFs stimulated with TNFSF14 (100 ng/mL)

were washed once with cold PBS, before being incubated on

ice for 30 min with lysis buffer (20 mM Tris-HCl, 150 mM

NaCl, 1 mM Na2EDTA, 1 mM EGTA, 1% Triton, 2.5 mM

sodium pyrophosphate, 1 mM b-glycerophosphate, 1 mM

Na3VO4, and 1 mg/mL leupeptin; Cell signaling technology,

Danvers, MA, USA) supplemented with Protease Inhibitor

Cocktail (104 mM AEBSF, 0.085 mM aprotinin, 4 mM,

bestatin, 1.4 mM, E-64, 2 mM leupeptin, and 1.5 mM

pepstatin A; Sigma). After removal of debris by centrifuga-

tion, the protein concentrations of the lysates were quanti-

fied with the Bradford protein assay using IgG as a standard.

A 20mg protein sample was loaded onto a 4–20% SDS-

PAGE gel, before being electrotransfered to a PVDF

membrane. The activation of p38 MAPK and extracellular

signal-regulated kinase (ERK) was assessed using phospho-

p38 MAPK rabbit monoclonal antibody (Cell signaling

technology), phospho-ERK rabbit monoclonal antibody (Cell

signaling technology), phospho-c-Jun N-terminal kinase

(JNK) rabbit monoclonal antibody (Cell signaling technol-

ogy), phospho-IkB-a mouse monoclonal antibody (Cell

signaling technology), p38 MAPK rabbit monoclonal anti-

body (Cell signaling technology), ERK rabbit monoclonal

antibody (Cell signaling technology), JNK rabbit monoclonal

antibody (Cell signaling technology), or IkB-a mouse

monoclonal antibody according to the manufacturer’s

instructions. Protein bands were visualized by incubation

with the HRP-conjugated secondary antibody (Sigma),

followed by detection using the ECL system (GE Healthcare,

Uppsala, Sweden). The quantitation of the chemilumines-

cent signal was analyzed using NIH image.

2.5 Flow cytometric analyses

Following the required culture time, the cells were washed

twice with ice-cold PBS. The HGFs were harvested by incu-

bation with PBS-4 mmol/L EDTA. Most of the cells were

rounded up following this treatment and removed by gentle

agitation. Any cells that failed to detach were removed

with gentle scraping. The cells were washed twice with ice-

cold PBS and incubated (for 20 min on ice) in PBS-1%

BSA (Sigma). The cells were incubated with mouse anti-

human HVEM antibody (Thermo Scientific, Cheshire, UK;

5mg/mL), mouse anti-human LTbR antibody (Biolegend, San

Diego, CA, USA; 5mg/mL), or an isotype control antibody on

ice for 30 min. After being washed three times with PBS-1%

BSA, the cells were incubated with an FITC-conjugated rabbit

anti-mouse F (ab0)2 fragment (DAKO, Kyoto, Japan) for

30 min on ice. After being washed three times with PBS-1%

BSA, the cells were immediately analyzed with flow cyto-

metry (Epics XL-MCL; Coulter, Hialeah, FL).

2.6 Statistical analysis

Experimental data were expressed as standard errors of the

means and were analyzed using one-way ANOVA to

compare the difference between tea polyphenols or signal

inhibitors treatment groups and the control groups. Any

p values smaller than 0.05 were considered to be significant.

3 Results

3.1 TNFSF14 mRNA expression in human gingival

tissues

We first examined TNFSF14 expression in human gingival

tissues. We could not detect TNFSF14 mRNA expression in

healthy gingival tissues (Fig. 1). On the other hand, we

detected TNFSF14 mRNA in five to nine human diseased

periodontal tissues (Fig. 1).

3.2 Effects of EGCG, ECG, or TFDG on IL-6

production in TNFSF14-stimulated HGFs

We next investigated whether TNFSF14 was able to induce

IL-6 production in HGFs. As shown in Fig. 2A, TNFSF14
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induced IL-6 production in HGFs in a concentration-depen-

dent manner. To investigate the effects of EGCG, ECG, or

TFDG on IL-6 production from TNFSF14-stimulated HGFs,

HGFs were pretreated with EGCG, ECG, or TFDG at the

indicated concentrations for 1 h and stimulated with TNFSF14

for 24 h. At first, we examined the effect of EGCG, ECG, or

TFDG on HGFs proliferation. Method of transcriptional and

translational (MTT) assays revealed treatment with 50mg/mL

of EGCG, ECG, or TFDG for 24 h did not modulate HGFs

proliferation (data not shown). Treatment with 50mg/mL of

EGCG, ECG, or TFDG significantly inhibited IL-6 production

in TNFSF14-stimulated HGFs (Fig. 2B).

3.3 Effects of EGCG, ECG, or TFDG on MAPKs and

NF-kB pathways in TNFSF14-stimulated HGFs

It was reported that MAPKs and NF-kB pathways were

involved in IL-6 production [18, 19]. Therefore, we examined

the effects of EGCG, ECG, or TFDG on MAPKs and NF-kB

pathways in TNFSF14-stimulated HGFs. EGCG or ECG

treatment inhibited ERK and IkB-a phosphorylation in

TNFSF14-stimulated HGFs (Fig. 3). TFDG treatment appar-

ently suppressed ERK and JNK phosphorylation. However,

IkB-a phosphoryeation did not change in TFDG-treated HGFs.

(Fig. 4). We demonstrated that EGCG, ECG, and TFDG

suppressed ERK, JNK, or NF-kB signal transduction pathways

in Figs. 3 and 4. We next examined whether ERK, JNK, and

NF-kB inhibitors diminished IL-6 production from TNFSF14-

stimulated HGFs. Figure 5 shows that PD98059 (ERK inhi-

bitor), SP600125 (JNK inhibitor), and Bay11-7085 (NF-kB

inhibitor) significantly inhibited IL-6 production. Therefore,

EGCG, ECG, and TFDG suppressed IL-6 production from

TNFSF14-stimulated HGFs through the inhibition of ERK,

JNK, or NF-kB activation.

3.4 Effects of EGCG, ECG, and TFDG on TNFSF14

receptor expression on HGFs

We hypothesized that EGCG, ECG, and TFDG might

modulate TNFSF14 receptor expression because they inhibit

Figure 1. TNFSF14 mRNA expression in human gingival tissues.

Total RNA was prepared from two clinically healthy gingival

samples (pocket depth, 2 mm) and nine diseased gingival

samples (pocket depth, 4–10 mm). The expressions of TNFSF14

and GAPDH mRNA in periodontal tissues were analyzed by RT-

PCR as described in Section 2.

Figure 2. Effects of EGCG, ECG, or TFDG on IL-6 production in

TNFSF14-stimulated HGFs. (A) HGFs were treated with TNFSF14

(1, 10, or 100 ng/mL), and the supernatants were collected after

24 h. The expression levels of IL-6 in the supernatants were

measured using ELISA. Data are representative of three different

HGFs samples from three different donors. The results are

shown as the mean and SD of one representative experiment

performed in triplicate. The error bars show the SD of the values.

(B) HGFs were pretreated with EGCG (5 or 50 mg/mL), ECG (5 or

50 mg/mL), or TFDG (5 or 50mg/mL) for 1 h, and then the HGFs

were stimulated with TNFSF14 (100 ng/mL), and the super-

natants were collected after 24 h. The expression levels of IL-6 in

the supernatants were measured using ELISA. Data are repre-

sentative of three different HGFs samples from three different

donors. Data indicate the mean7SD of three cultures. The error

bars show the SD of the values. �po0.05 significantly different

from the TNFSF14-stimulated HGFs without EGCG, ECG, or

TFDG.
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Figure 3. Effects of EGCG and ECG on the TNFSF14-induced

phosphorylation of MAPKs or IkB-a. The cultured cells were

pretreated with EGCG (50 mg/mL) or ECG (50mg/mL) for 60 min

and then stimulated with 100 ng/mL TNFSF14 for 15, 30, or

60 min. (A) Cellular lysates were collected and the levels of

phospho-specific p38 MAPK or p38 MAPK were measured using

a Western blot analysis. Bar graphs of phospho-p38 MAPK

expressions were normalized to total-p38 MAPK. (B) Cellular

lysates were collected and the levels of phospho-specific ERK

or ERK were measured using a Western blot analysis. Bar graphs

of phospho-ERK expressions were normalized to total-ERK.

(C) Cellular lysates were collected and the levels of phospho-

specific JNK or JNK were measured using a Western blot

analysis. Bar graphs of phospho-JNK expression were normal-

ized to total-JNK. (D) Cellular lysates were collected and the

levels of phospho-specific IkB-a or actin were measured using a

Western blot analysis. Bar graphs of phospho-IkB-a expression

were normalized to actin.

Figure 4. Effects of TFDG on the TNFSF14-induced phosphor-

ylation of MAPKs or IkB-a. The cultured cells were pretreated

with TFDG (5 or 50 mg/mL) for 60 min and then stimulated with

100 ng/mL TNFSF14 for 15, 30, or 60 min. (A) Cellular lysates

were collected and the levels of phospho-specific p38 MAPK or

p38 MAPK were measured using a Western blot analysis. Bar

graphs of phospho-p38 MAPK expressions were normalized to

total-p38 MAPK. (B) Cellular lysates were collected and the levels

of phospho-specific ERK or ERK were measured using a Western

blot analysis. Bar graphs of phospho-ERK expressions were

normalized to total-ERK. (C) Cellular lysates were collected and

the levels of phospho-specific JNK or JNK were measured using

a Western blot analysis. Bar graphs of phospho-JNK expression

were normalized to total-JNK. (D) Cellular lysates were collected

and the levels of phospho-specific IkB-a or actin were measured

using a Western blot analysis. Bar graphs of phospho-IkB-a
expression were normalized to actin.
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the IL-6 production induced by TNFSF14 stimulation. As

shown in Fig. 6, EGCG, ECG, and TFDG treatment signif-

icantly suppressed LTbR expression on HGFs. On the other

hand, only ECG apparently down-regulated HVEM expres-

sion on HGFs, though EGCG slightly suppressed HVEM

expression on HGFs (Fig. 6).

4 Discussion

In this study, we demonstrated that TNFSF14 is able to

induce IL-6 production in HGFs. It has been reported that

IL-6 is involved in the pathology of periodontal disease [20].

Moreover, IL-6 is well recognized to be a potent bone

resorptive agent and induce osteoclast formation [21].

Therefore, TNFSF14 might induce periodontal tissue

destruction, including bone resorption, by enhancing IL-6

production from HGFs.

In the present study, we revealed that EGCG significantly

suppressed the TNFSF14-stimulated induction of IL-6 in

HGFs to inhibit ERK and NF-kB pathway. Tokuda et al.
reported that EGCG treatment suppressed endothelin-1-

induced IL-6 production from osteoblast-like MC3T3-E1

cells to inhibit ERK activation [22]. Shin et al. also reported

that EGCG inhibited IL-6 production from phorbol

12-myristate 13-acetate-stimulated human mast cell line to

suppress ERK and NF-kB activation [23]. Our report agrees

with their reports.

We reported ECG also suppressed IL-6 production

from TNFSF14-stimulated HGFs. The reports about the

effect of ECG on cytokine production are few. Kim

et al. reported that ECG suppressed IL-8 production from

IL-1b-stimulated human nasal fibroblasts and bronchial

epithelial cells [24]. Ichikawa et al. reported ECG

inhibited IL-12 p40 production from LPS-stimulated

macrophage [25]. They also reported that ECG suppressed

NF-kB activation in macrophages induced by LPS stimula-

tion, though they reported ECG did not modify ERK acti-

vation. This discrepancy might reflect differences of cell type

and stimulator.

The reports about effects of theaflavin treatment on

immune reaction are few compared with catechins. Ukil

et al. reported that oral administration of TFDG significantly

improved colitis in mouse model associated with decreased

mRNA and protein levels of TNF-a, IL-12, and IFN-g in

colonic mucosa [26]. They also reported that oral adminis-

tration of TFDG inhibited NF-kB activation in colon tissues.

In this report, we demonstrate that TFDG suppresses IL-6

production from HGFs through the inhibition of ERK and

JNK activation. This report is the first one to mention the

role of theaflavins on immune response in cell levels.

Further investigations are necessary to clarify the role of

theaflavins on the immune system.

We reported that EGCG, ECG, and TFDG suppressed

TNFSF14 receptors expression on HGFs. Ahn et al. reported

that EGCG suppressed TNF-a receptor 1 expression on

vascular endothelial cells [27]. We recently reported that

EGCG and ECG down-regulated oncostatin M receptor b
expression on HGFs [28]. We show catechins and thea-

flavins could modulate cytokine receptor expression in this

report. The role of catechins and theaflavins on cytokine

receptor expression on various types of cells should be

examined.

Figure 5. Effects of signal transduction inhibitors on TNFSF14-

stimulated IL-6 release by HGFs. The cells were pre-incubated

with PD98059 (20mM), SP600125 (20 mM), or Bay11-7085 (20 mM)

for 1 h and then incubated with TNFSF14 (100 ng/mL). After 24 h

incubation, the supernatants were collected, and IL-6 production

was measured by ELISA. Data are representative of HGFs from

three different donors. Data indicate the mean7SD of three

cultures. The error bars show the SD of the values. �po0.05,
��po0.01 significantly different from the TNFSF14–stimulated

HGFs without inhibitors.

Figure 6. Effects of EGCG, ECG, or TFDG on TNFSF14 receptor

expression on HGFs. HGFs were treated with EGCG (50 mg/mL),

ECG (50mg/mL), or TFDG (50mg/mL), and the cells were collected

after 24 h. The expression levels of HVEM and LTbR on HGFs

were measured using flow cytometry as described in Section 2.

The blue line represents the background level of fluorescence

caused by the isotype matched antibody. The red line represents

HVEM or LTbR expression on non-stimulated HGFs. The green

line represents EGCG, ECG, or TFDG-treated HGFs. One of three

experiments with similar results is shown.
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We used 50mg/mL catechins and TFDG to treat the

HGFs in this experiment. It is known that the epithelial cell

layer is broken at the bottom of periodontal pocket. This

means that catechins might come into contact with HGFs

when they are used for periodontal pocket irrigation.

Further investigation is necessary to test the use of EGCG,

ECG, or TFDG for pocket irrigation.

In summary, the current study demonstrates that

TNFSF14 causes IL-6 release by cultured HGFs. EGCG,

ECG, and TFDG suppressed TNFSF14-induced IL-6

production in HGFs. In addition, we revealed that

EGCG, ECG and TFDG inhibited TNFSF14-induced ERK,

JNK, and NF-kB activation and suppressed TNFSF14

receptor expression in HGFs. These data show that we

could use EGCG, ECG, or TFDG for periodontal disease

treatment.

This study was supported by Grant-in-Aid for Young Scien-
tists (21792123).
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