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Abstract
Objectives: To determine the effects of Epigallocatechin Gallate (EGCG), a major 
catechin component of green tea, on cytokine expression in a human oral epithelial 
cell culture model of nicotine use. 
Methods: Confluent gingival epithelial cells in wells of a 24-well plate were sub-
jected to one of six treatments. For controls cells received 1) no treatment or 2) were 
treated with 10 μg /ml EGCG for 1 hour and cultured for 24 hours prior to analysis. 
A set of cells were pre-treated for 1 hour with 10 μg /ml EGCG and 3) treated for 24 
hours with 0.1 mM nicotine prior to challenge with 10 ng/ml TNFα for 1 hour, or 4) 
not treated with nicotine but challenged with TNFα for 1 hour prior to analysis. A set 
of cells were not pre-treated with EGCG and 5) treated for 24 hours with 0.1 mM nic-
otine prior to challenge with 10 ng/ml TNFα for 1 hour, or 6) not treated with nicotine 
but challenged with TNFα for 1 hour prior to analysis. Culture medium samples were 
assayed for levels of secreted interleukins IL-1α, IL-1β, IL-4, IL-6, IL-8, and IL-10 by 
ELISA. Statistical analysis was completed for individual interleukins using ANOVA 
and Tukey post-test with probability set at p ≤ 0.05. 
Results: The levels of IL-4 for all treatments were below the detection limit of the 
ELISA. EGCG significantly suppressed the secretion of IL-1α, IL-1β, IL-4, IL-6 and 
IL-8 in nicotine and TNFα-treated cells (p < 0.01). In contrast, the presence of EGCG 
resulted in a significant increase in the secretion of IL-10 in nicotine and TNFα-treated 
cells (p < 0.001). 
Conclusion: This study suggests that tea catechins such as EGCG may function to 
suppress pro-inflammatory cytokines and to increase the secretion of the anti-inflam-
matory cytokine IL-10 in cells challenged by nicotine and TNFα.
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Introduction

	 Periodontitis literally means “inflammation of the 
tooth.” As an inflammatory disease, cellular and molecular 
mechanisms involved in the progression of periodontitis involve 
the production of cytokines and other proinflammatory media-
tors, leading to oral tissue destruction. Proinflammatory cyto-
kines include the family of interleukins (IL) such as IL-1, IL-6, 
and IL-8. 
	 According to NHANES III data, after adjusting for 
age, race or ethnicity, income, and educational level, smokers 
are four times more likely to have periodontitis as compared to 
non-smokers[1]. Cigarette smoke contains more than 4700 chem-
icals, with nicotine comprising the major compound. Based on 
multiple studies utilizing whole cigarette smoke, smoke extracts, 
or isolated chemicals, nicotine has been implicated as a major 
promoter of gingivitis and periodontitis in smokers.  
	 When specifically considering effects on the oral cav-

ity, nicotine has been shown to inhibit the in vitro attachment 
and growth of human periodontal ligament fibroblasts[2]. Nico-
tine upregulated the secretion of the pro-inflammatory interleu-
kins IL-6 and IL-8 in gingival epithelial cells and fibroblasts[3], 
and IL-8 was upregulated in human gingival epithelial cells in 
culture exposed to cigarette smoke extract[4]. In a study of hu-
man experimental gingivitis a significantly higher amount of 
IL-8 was detected in crevicular fluid in smokers compared to 
non-smokers[5], and nicotine stimulated the production of IL-1α 
in human gingival keratinocytes[6]. In gingival fibroblasts de-
rived from healthy volunteers, nicotine had the greatest effect on 
the expression of GRO-α, IL-7, IL-10, and IL-15 compared to 
untreated controls[7]. Patients with generalized aggressive peri-
odontitis exhibited higher serum levels of tumor necrosis factor 
alpha (TNFα compared to those with generalized chronic peri-
odontitis or periodontal health; in these same populations there 
were low to undetectable levels of IL-4[8]. 
	 Green tea is the second most frequently consumed bev-
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erage in the world after water and is gaining favor as a natural 
compound that promotes oral health[9]. The beneficial antioxi-
dant properties of tea are due in the main to the abundance of 
polyphenols in the tea plant. There are four main polyphenols 
in tea, known as catechins. Epigallocatechin 3 gallate (EGCG) 
constitutes about 59% of total catechins, epigallocatechin (EGC) 
about 19%, epicatechin 3 gallate (ECG) about 13.6%, and epi-
catechin (EC) about 6.4%. Catechins have been shown to be 
effective antibacterial, antioxidant, and anti-inflammatory com-
pounds both in vivo and in vitro; with the purported anti-inflam-
matory properties of particular interest with regards to periodon-
tal disease[10,11]. Some studies have shown a relationship between 
catechins and inhibition of pro-inflammatory interleukins. For 
example EGCG and ECG suppressed IL-17A-induced CCL20 
production in human gingival fibroblasts[12]. There is experimen-
tal support that EGCG inhibits multiple inflammatory cytokines 
including IL-1α, IL-6, IL-8, IL-12 and TNFα[13-16].
	 In non-oral tissues, there are numerous analyses of the 
benefits of EGCG in inflammatory diseases. As just a few ex-
amples, EGCG decreased IL-6 and IL-8 secretion in inflamed 
intestinal tissue[17] and significantly reduced the inflammatory 
response in liver cells[18]. In a murine model EGCG attenuated 
the production of TNFα and MIP-2, and the phosphorylation of 
ERK1/2 and JNK following intra tracheal injections of lipopoly-
saccharide[19]. 
	 In tobacco users, a combination of nicotine insult on 
oral tissues and cells with the concurrent inflammatory reactions 
result in localized increased cytokine production. This in turn 
may contribute to increased breakdown of periodontal tissues. 
Clearly mechanisms that dampen inflammatory responses to 
nicotine would be beneficial to the smoker. Indeed Hosokawa 
et al[20], have proposed that green tea and black tea polyphenols 
could be used to provide direct benefits in periodontal disease. 
This is based on the observation that EGCG inhibits tumor ne-
crosis factor superfamily 14-induced IL-6 production in human 
gingival fibroblasts.
	 The objective of this current study was to determine if 
EGCG can influence cytokine expression in a human oral epi-
thelial cell culture model of nicotine use. We hypothesize that 
in an in vitro model of human oral mucosa nicotine exposure, 
EGCG will promote increased secretion of anti-inflammatory 
cytokines, and decreased secretion of pro-inflammatory cyto-
kines. 

Material and Methods

Study Design
	 This report used an in vitro study design of human cell 
culture. 

Reagents and Preparation
	 Nicotine as nicotine hydrogen tartrate salt, EGCG sol-
id isolated from green tea, and human recombinant TNFα were 
purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO, 
USA). Based on previous work, and on dose-response experi-
ments completed using the gingival epithelial cells in this study 
(data not shown), the following concentrations were used: 0.1 
mM nicotine, 10 μg/ml EGCG, and 10 ng/ml TNFα. The solu-
tions were prepared in culture medium and sterilized by passage 
through 0.22 µm syringe filters.

Human Gingival Epithelial Cell Culture
	 Non-transformed human gingival epithelial cells from 
pooled donors were obtained from a commercial source (Sci-
ence Cell, Carlsbad, CA, USA). Cells were cultured in T-75 
flasks in serum-free oral keratinocyte medium as formulated by 
the manufacturer, at 370C in an atmosphere of 5% CO2, until 
approximately 80% confluence. Cells were then trypsinized and 
plated into the appropriate culture ware for experiments. Epithe-
lial cells were used between passages two and three.

ELISA Analysis of Interleukin Secretion
	 Confluent gingival epithelial cells in wells of a 24-well 
plate were subjected to one of six treatments. As controls cells 
received 1) no treatment or 2) were treated with 10 μg/ml EGCG 
for 1 hour and cultured for 24 hours prior to analysis. A set of 
cells were pre-treated for 1 hour with 10 μg/ml EGCG and 3) 
treated for 24 hours with 0.1 mM nicotine prior to challenge 
with 10 ng/ml TNFα for 1 hour, or 4) not treated with nicotine 
but challenged with TNFα for 1 hour prior to analysis. A set of 
cells were not pre-treated with EGCG and 5) treated for 24 hours 
with 0.1 mM nicotine prior to challenge with 10 ng/ml TNFα for 
1 hour, or 6) not treated with nicotine but challenged with TNFα 
for 1 hour prior to analysis. TNFα was used in conjunction with 
nicotine because in addition to playing a role in periodontal dis-
ease, the proinflammatory cytokine TNFα can upregulate cyto-
kines such as IL-1α and IL-6[21]. This was done to model for 
smokers who may also be experiencing an inflammatory reac-
tion.
	 Culture medium samples were assayed for levels of se-
creted IL-1α, IL-1β, IL-4, IL-6, IL-8, and IL-10 using the proto-
cols provided with individual ELISA kits (RnD Systems Quan-
tikine ELISA kits, Minneapolis, MN, USA). Absorbance were 
read at 450 nm and interleukin concentrations were calculated 
using the appropriate standard curve. All experimental values 
were within the assay ranges of each interleukin kit.
	 Prior to concentration calculations, absorbance were 
standardized to total cell number in the tissue culture wells using 
crystal violet blue staining. Adherent cells were fixed and stained 
with crystal violet blue stain. Stained cells were eluted with 1% 
SDS solution, and absorbance were read at 595 nm. Corrections 
were calculated by dividing the OD 450 nm for a given well by 
the OD 595 nm reading of the same well. Statistical analysis was 
completed for individual interleukins using ANOVA and Tukey 
post-test with probability set at p < 0.05. ELISA studies were 
repeated three times. 

Results

	 Levels of a panel of interleukins in culture medium 
were assayed to determine the effect of EGCG on the inflam-
matory process in nicotine-challenged human gingival epithelial 
cells. 

Interleukins IL-1α, IL-1β, IL-4, IL-6, and IL-8 	
	 IL-4 concentrations in all control and experimental 
culture medium samples were below the detection level of the 
ELISA (data not shown). Levels of all interleukins in control 
cells with no treatment of any kind, or treatment with EGCG 
only were less than 50 pg/ml. Control values are shown for each 
interleukin assayed.
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	 Treatment of human gingival epithelial cells with 
TNFα alone or with a combination of nicotine and TNFα result-
ed in increased secretion of IL-1α IL-1β IL-6, and IL-8 into the 
culture medium, although to different degrees compared to con-
trols and to each treatment. Specifically, there was no difference 
in the level of IL-1α (Figure 1) β or IL-1β (Figure 2) in culture 
medium when comparing TNFα to combined TNFα and nico-
tine treatments. In contrast TNFα alone resulted in significantly 
more IL-6 (Figure 3) and IL-8 (Figure 4) secretion into culture 
medium compared to combined TNFα and nicotine treatment (p 
< 0.001 for both interleukins). 

Figure 1: Secretion of IL-1α by human gingival epithelial cells. (*, blue bars): 
Treating cells with TNFα or combined nicotine and TNFα (Nic/TNFα) sig-
nificantly increased secretion of IL-1α compared to control (p < 0.001). (**): 
Treating cells with EGCG prior to TNFα significantly decreased IL-1α secretion 
compared to cells treated with TNFα only (p < 0.001). (***): Treating cells with 
EGCG prior to combined nicotine and TNFα challenge significantly decreased 
IL-1α secretion compared to cells treated with combined nicotine and TNFα only 
(p < 0.001).

Figure 2: Secretion of IL-1α by human gingival epithelial cells. (*, blue bars): 
Treating cells with TNFα significantly increased secretion of IL-1α compared to 
control (p = 0.0056). (**): Treating cells with EGCG prior to TNFα significantly 
decreased IL-1α secretion compared to cells treated with TNFα only (p < 0.001). 
(***): Treating cells with EGCG prior to combined nicotine and TNFα (Nic/
TNFα) challenge significantly decreased IL-1α secretion compared to cells treat-
ed with combined nicotine and TNFα only (p < 0.001). Note that IL-1α secretion 
in EGCG-treated cells is below control levels.

Figure 3: Secretion of IL-6 by human gingival epithelial cells. (*, blue bars): 
Treating cells with TNFα or combined nicotine and TNFα(Nic/TNFα) signifi-
cantly increased secretion of IL-6 compared to control (p < 0.001). (**): Treating 
cells with EGCG prior to TNFα significantly decreased IL-6 secretion compared 
to cells treated with TNFα only (p < 0.0001). (***): Treating cells with EGCG 
prior to combined nicotine and TNFα challenge significantly decreased IL-6 se-
cretion compared to cells treated with combined nicotine and TNFα only (p < 
0.001).

Figure 4: Secretion of IL-8 by human gingival epithelial cells. Note that IL-8 
secretion is barely detectable in controls. (*, blue bars): Treating cells with TNFα 
or combined nicotine and TNFα (Nic/TNFα) significantly increased secretion 
of IL-8 compared to control (p < 0.0001). (**): Treating cells with EGCG prior 
to TNFα significantly decreased IL-8 secretion compared to cells treated with 
TNFα only (p < 0.0001). (***): Treating cells with EGCG prior to combined 
nicotine and TNFα challenge significantly decreased IL-8 secretion compared to 
cells treated with combined nicotine and TNFα only (p < 0.01).

	 ECGC significantly suppressed the secretion of IL-1α, 
IL-1β, IL-6, and IL-8 in gingival epithelial cells treated with 
TNFα (p < 0.001 for all interleukins). Similarly, EGCG signifi-
cantly suppressed the secretion of IL-1α IL-1β IL-6, and IL-8 
in gingival epithelial cells treated with combined TNFα and 
nicotine (p < 0.01 for all interleukins). For several treatments 
interleukin levels were reduced below those of controls in the 
presence of EGCG. 
	
Interleukin IL-10	
	 Treating human gingival epithelial cells with TNFα re-
sulted in significantly increased IL-10 in the culture medium (p 
< 0.001, Figure 5), however EGCG did not reduce IL-10 in TN-
Fα-treated cells. The presence of nicotine in TNFα-treated cells 
significantly reduced IL-10 secretion into culture medium (p < 
0.001). However again EGCG did not reduce IL-10 levels but in 
contrast significantly increased secretion in combined TNFα and 
nicotine treated cells (p < 0.001)

Figure 5: Secretion of IL-10 by human gingival epithelial cells. (*, blue bars): 
Treating cells with TNFα significantly increased secretion of IL-10 compared 
to control (p < 0.001). A similar result was not observed for cells treated with 
combined nicotine and TNFα (Nic/TNFα). (**): Treating cells with combined 
nicotine and TNFα significantly decreased IL-10 secretion compared to cells 
treated with TNFα only (p < 0.001). (***): Treating cells with EGCG prior to 
combined nicotine and TNFα challenge significantly increased IL-10 secretion 
compared to cells treated with combined nicotine and TNFα only (p < 0.001).

Discussion

	 The effect of cigarette compounds on pro-inflammato-
ry interleukin production has been observed both in vivo and in 
vitro. In human volunteers with experimental gingivitis a sig-
nificantly higher amount of baseline IL-8 was detected in smok-
ers compared to non-smokers[5]. Cultured gingival keratinocytes 
and fibroblasts exposed to nicotine secrete significantly higher 
levels of IL-1, IL-6, and IL-8[3,6,22]. The present study agrees with 
other reports that the presence of nicotine results in the stimu-
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lation of IL-1α, IL-1β, IL-6, and IL-8. Conversely nicotine did 
not affect IL-4 release by peripheral blood mononuclear cells or 
T cell clones[23] and low to undetectable levels of IL-4 were ob-
served in a human population with periodontitis[8]. In agreement, 
the present study demonstrates that nicotine did not upregulate 
the secretion of IL-4 in gingival epithelial cells. 
	 The results reported in this current study support and 
extend the work by other authors that nicotine, the major compo-
nent of cigarette smoke, can upregulate the secretion of pro-in-
flammatory cytokines in oral cells. Many studies analyzing the 
oral mucosa use fibroblasts as the model, this study is one of 
the few that have utilized epithelial cells. Epithelial cells line 
the oral cavity and are not embedded within connective tissues 
as are fibroblasts. Gingival epithelial cells would be in direct 
contact with cigarette components in a smoker and are therefore 
a preferred cell type when developing an in vitro model of nico-
tine-induced inflammation in the oral cavity. 
	 A recent study suggested that EGCG may be useful in 
the prevention and treatment of smoking‑associated non-small 
cell lung carcinoma[24]. Additionally, EGCG may inhibit the nic-
otine-induced invasive character of human endothelial cells[25]. 
In contrast, a PubMed search revealed that there are no studies 
reporting the effects of EGCG on nicotine-induced IL-1, IL-6 
and/or IL-8 secretion in oral cells. The study herein thus pres-
ents novel data suggesting that EGCG can function as an anti-in-
flammatory agent in human gingival epithelial cells, suggesting 
its usefulness to combat the deleterious effects of nicotine and 
smoking on oral health.
	 IL-10 is also known as the cytokine synthesis inhibiting 
factor (CSIF) and controls inflammatory processes by suppress-
ing the expression of proinflammatory cytokines, chemokines, 
adhesion molecules[26]. In essence it is an anti-inflammatory cy-
tokine. In human gingival epithelial cells challenged with both 
TNFα and nicotine, EGCG significantly stimulated the release 
of IL-10. Similarly to the pro-inflammatory cytokines, there 
are no published studies reporting the effect of EGCG on nico-
tine-induced IL-10 secretion in oral cells; this is the first study to 
report that EGCG may induce anti-inflammatory cytokines un-
der conditions of inflammation. EGCG may function to regulate 
multiple cellular pathways to suppress inflammation. In human 
dental pulp cells, catechins including EGCG inhibited MAPK 
phosphorylation and suppressed NFĸB activation, suggesting 
that catechins might be useful therapeutically as an anti-inflam-
matory modulator of dental pulpal inflammation[27]. Additional 
studies must be completed to determine if the ability of catechins 
to dampen inflammatory responses is cell-universal.
	 Tea is globally available and well accepted; EGCG is 
inexpensive to isolate from tea and therefore could be adminis-
tered orally as a drug or nutrient. One must question if smok-
ers would consume tea and/or EGCG post-cigarette use as an 
anti-inflammatory agent. In this study, EGCG was presented to 
cells prior to nicotine administration to model for the smoker 
who is also a tea drinker. EGCG would be present in the oral 
cavity or circulating in the system as the smoker was delivering 
nicotine to the body.
	 In vitro observations must be taken to the in vivo cor-
relate with extreme caution and this represents the main lim-
itation of this current study. Many in vitro studies use concen-
trations of EGCG that are well above biological availability. 
Drinking 5 to 6 cups of green tea a day resulted in a blood serum 

concentration of EGCG of approximately 1 µM[28] suggesting 
that physiological concentrations of EGCG are in the range of 
0.1-1.0 µM[29]. Although a daily dose of 800 mg of caffeine-free 
EGCG for four weeks (8 to 16 cups of green tea) was well-toler-
ated[30] EGCG and other phenolic compounds may be hepatotox-
ic at high doses[31]. In vitro studies must be reviewed carefully if 
they are to serve as a rationale for the clinical or therapeutic use 
of green tea and EGCG.

Conclusion

	 In an in vitro model of nicotine and TNFα-induced in-
flammation in human gingival epithelial cells, the tea catechin 
EGCG inhibited the secretion of pro-inflammatory interleukins 
and enhanced the secretion of an anti-inflammatory cytokine. 
EGCG and green tea may be useful in suppressing oral mucosal 
inflammation in the smoker.
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