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Erosive oral lichen planus (EOLP) is a T-cell-mediated inflammatory oral mucosal disease.
Tien-Hsien liquid (THL) is an extract of Chinese medicinal herbs that can modulate the
antigen-stimulated proliferative response of and cytokine production by T cells from patients with
recurrent aphthous ulcerations. In this study, we tested whether THL could modulate the
antigen-stimulated cytokine production by T cells from EOLP patients (EOLP-T cells). T cells isolated
from 15 EOLP patients were incubated with phytohemagglutinin (PHA), glutaraldehyde-inactivated
tetanus toxoid (TT), glucosyltransferase D (GtfD), or antigens of Streptococcus mutans in the presence
or absence of THL. Levels of interleukin (IL)-2, interferon (IFN)-y, tumor necrosis factor (TNF)-a,
IL-6, and IL-10 in the supernatants of T-cell cultures were measured by cytokine enzyme-linked
immunosorbent assay (ELISA) kits. We found that THL significantly increased PHA- and TT-stimulated
TNF-o and IL-6 production by EOLP-T cells. However, THL also significantly decreased GtfD-
stimulated IL-10 production and S. mutans-stimulated TNF-a and IL-10 production by EOLP-T cells.
Because THL both increased and decreased antigen-stimulated cytokine production by EOLP-T cells, we
concluded that THL modulates antigen-stimulated cytokine production by EOLP-T cells. (J Dent Sci,
3(3) © 159-166, 2008)
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Oral lichen planus (OLP) is a chronic

mucosal disease. Although cell-released cytokines, chemokines,

mast cell/T cell interactions in OLP lesions, mast
and matrix

the pathogenesis of OLP is still unclear, both
antigen-specific and non-specific mechanisms may
be involved. Antigen-specific mechanisms in OLP
include antigen presentation by basal keratinocytes
and antigen-specific keratinocyte killing by CDS§*
cytotoxic T lymphocytes. Non-specific mechanisms
include mast cell degranulation and matrix me-
talloproteinase activation in OLP lesions'. Through
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metalloproteinases can promote T-cell activation,
migration, proliferation, and differentiation’. OLP
is histologically characterized by liquefaction
degeneration of basal epithelial cells and an in-
traepithelial and subepithelial infiltrate of mono-
nuclear cells, predominantly CD8" cells. CD4" cells
are mainly found in the deep lamina propria’.
Increases in histocompatibility leukocyte antigen
(HLA)-DR-positive CD3" cells in both local lesional
tissues and peripheral lymphocytes also indicate T-cell
activation in OLP*’. Those findings suggest that
OLP is a T-cell-mediated inflammatory disease.

Our previous study found the disappearance of
serum anti-nuclear antibody (ANA) in 3 patients with
erosive OLP (EOLP) and the disappearance of serum
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anti-basal cell antibodies (anti-BCAs) in 50% (3/6) of
anti-BCA-positive EOLP patients after levamisole
treatment’. Moreover, we observed that both major-
and minor-type EOLP patients can obtain a significant
reduction of abnormally high serum squamous cell
carcinoma-associated antigen (SCCA) levels after
treatment with levamisole and/or Chinese medicinal
herbs (a water extract of Radix astragale, Fructus lycii,
and Fructus ziziphi jujubae)’. In addition, we found
that levamisole treatment significantly reduced
abnormally high serum interleukin (IL)-6, IL-8, and
tumor necrosis factor (TNF)-a levels to normal levels
in OLP patients*". These findings suggest that
treatment with an immunomodulator (levamisole) for
several months can reverse abnormally high levels of
autoantibodies of SCCA, IL-6, IL-8 or TNF-a to
normal levels.

IL-2 is mainly secreted by activated T cells. It
induces T-cell proliferation, potentiates B-cell growth,
and enhances natural killer (NK) cell and monocyte
activation''. Interferon (IFN)-y is a pleotropic cytokine
that plays an essential role in both the innate and
adaptive phases of the immune response. NK, CDS§",
and CD4" Thl cells are the most potent sources of
IFN-y"”. TNF-o is a proinflammatory cytokine which
is secreted by activated monocytes, macrophages, and
many other cells including B cells, T cells, mast cells,
and fibroblasts"'*. TNF-o has stimulatory activities on
activated T cells. It also induces the secretion of IL-1,
IFN-y, and IL-6".

IL-6 is a multifunctional cytokine that par-
ticipates in inflammatory and immune responses. IL-6
is produced by activated monocytes, macrophages,
endothelial cells, fibroblasts, keratinocytes, and ac-
tivated T and B cells in response to induction by a
variety of stimuli which include other cytokines's. Its
immunological activities include B-cell differentiation
and stimulation of immunoglobulin G (IgG) secretion,
T-cell growth and differentiation, and cytotoxic T
lymphocyte differentiation’.

IL-10 is an important immunosuppressive and
anti-inflammatory cytokine released by both T cells
and antigen-presenting cells'®. IL-10 can inhibit the
activation and effector function of several cell types
including T cells, monocytes, and macrophages. IL-10
directly affects the function of Thl cells by inhibiting
the production of a number of cytokines, including
IL-2, TFN-y, and TNF-a.".

Approximately 1%~2% of tissue-infiltrating
mononuclear cells from OLP lesions are positive for
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IL-2, TNF-a, and IL-10 messenger (m)RNAs, and
expressions of IFN-y and IL-10 mRNAs were found
in cultured T lymphocytes from OLP lesions by
polymerase chain reaction (PCR)*. IFN-y and IL-6
mRNAs were detected within proliferating CD3" T
lymphocytes in the upper lamina propria and were
localized in basal and suprabasal keratinocytes of OLP
lesions (OLP-keratinocytes)*'. Tissue culture studies
showed that OLP-keratinocytes, tissue-infiltrating
mononuclear cells from OLP lesions, and peripheral
blood mononuclear cells from OLP patients (OLP
-PBMCs) can produce IL-2, IFN-y, TNF-a, IL-6,
and IL-10%*. In addition, increased serum levels
of TNF-o and IL-6 were discovered in OLP
patients®'*%

Our previous studies found that Tien-Hsien liquid
(THL, Feida Union Pharmaceutical Manufactory, El
Monte, CA, USA), an extract of Chinese medicinal
herbs, can modulate the antigen-stimulated pro-
liferative response of T cells® and cytokine
production by T cells from patients with recurrent
aphthous ulcerations”. Because THL has both
immunopotentiation and immunosuppressive effects
and can either stimulate or inhibit the lympho-
proliferative response and cytokine production by T
cells®®, it can be used as an immunomodulating
agent to restore the altered cellular or humoral
immunity in EOLP patients. In this study, we further
tested whether THL can modulate the phyto-
hemagglutinin (PHA)-, glutaraldehyde- inactivated
tetanus toxoid (TT)-, glucosyltransferase D (GtfD)-,
and S. mutans-stimulated cytokine production by
EOLP-T cells.

MATERIALS AND METHODS

Subjects

After approval by the Hospital Review Board, 15
EOLP patients (4 men and 11 women, mean age 50 +
10, range 28~65 years) without LP of other mucosal
or skin surfaces were included in this study. All
patients were seen consecutively, diagnosed, and
treated in the oral mucosal disease clinic of the Dental
Department of National Taiwan University Hospital
from October 2003 to June 2004. None of them had
taken any prescription medication for at least 3
months before entering the study. They were selected
based on the following criteria: (1) a typical clinical
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presentation of radiating grayish-white Wickham
striae and erosion or ulceration of the oral mucosa,
and (2) biopsy specimens characteristic of OLP, that is,
hyperkeratosis or parakeratosis, a slightly acanthotic
epithelium with liquefaction degeneration of basal
epithelial cells, and a pronounced band-like lym-
phocytic infiltrate in the lamina propria.

Stimulation antigens

PHA was purchased from Sigma (Sigma, St.
Louis, MO, USA). TT was provided by Ming-Yi Liau
of the Department of Health, Center for Disease
Control, Vaccine Center, Taipei, Taiwan. Recombinant
GtfD was made in our laboratory, and the detailed
procedures for production and purification of
recombinant GtfD were previously described®'.
Streptococcus mutans GS-5 was grown in brain heart
infusion broth (Difco, Detroit, MI, USA). These 4
antigens were selected because they stimulated
proliferative responses of T cells and cytokine
production by T cells in patients with recurrent
aphthous ulcerations in our previous studies”. All
antigens used for stimulating cytokine production by
EOLP-T cells, including GtfD and the other reagents,
exhibited undetectable endotoxin levels (< 30 pg/ml)
as determined by the Limulus amebocyte lysate assay
(Sigma).

Modulating drugs

THL and active hexose-correlated compound
(AHCC) were used to modulate antigen-stimulated
cytokine production by EOLP-T cells. Concentrations
at a 1:1000 dilution for THL and 5 pg/ml for AHCC
were selected because these 2 concentrations had no
cytotoxic effects on PBMCs or T cells cultured in
vitro and did not stimulate T cells from healthy
control subjects after 5 days of incubation in our
previous study®. The composition as well as the
pharmacological and immunological effects of the
major ingredients of THL were described in previous
studies®*** AHCC is a proprietary extract prepared
from co-cultured mycelia of several species of
Basidiomycete = mushrooms, including shiitake
(Lentinus edodes). The extract is made using hot water
following an enzyme pretreatment; it contains
polysaccharides, amino acids, and minerals, and is
orally bioavailable”. Animal research and preliminary
human studies indicated that AHCC has anticancer
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efficacy™. In addition, AHCC has hepatoprotective
and immunopotentiation effects, and can prolong the
survival of patients with hepatocellular carcinoma
(HCC) after surgical resection™™,

Cell preparation and
cytokine production assay

antigen-stimulated

Peripheral blood samples were collected from 15
EOLP patients after obtaining the patients’ informed
consent. The preparation of enriched T-cells and
irradiated autologous PBMCs from blood samples
was described in our previous study”. In antigen-
stimulated cytokine production assays, enriched T
cells (1 x 10° cells/well) were cultured in the presence
of irradiated autologous PBMCs (2 x 10° cells/well) in
RPMI 1640, supplemented with 2% fetal calf serum,
2 mM L-glutamine, 0.05 mM 2-mercaptoethanol,
penicillin (100 pg/ml), streptomycin sulfate (100
pg/ml), and 2% thiophene-2-carboxylic acid hydrazide
(Celox Laboratories, Inc., San Diego, CA. USA). To
test whether THL and AHCC had modulating effects
on cytokine production by T cells, 3 replicates of
T-cell culture from 15 EOLP patients were incubated
with PHA (1 pg/ml), TT (10 pg/ml), recombinant
GtfD (10 pg/ml), or antigens of S. mutans (2 x 10°
colony-forming units (CFU)) in the presence or
absence of THL (1:1000 dilution) or AHCC (5 pg/ml).
Because previous studies showed that AHCC has
immunopotentiating effects on the immune system of
HCC patients***, in this study, AHCC was used as a
positive control agent with potentiating effects on
antigen-stimulated cytokine production by EOLP-
T-cells. Incubation was performed at 37 °C in a
humidified atmosphere with 5% CO, for 5 days.
Culture supernatants were collected on day 5 and then
frozen at -20 °C for future analysis.

Detection of cytokines

Cytokines were quantitated by enzyme-linked
immunosorbent assay (ELISA) kits (Quantikine; R&D
Systems, Minneapolis, MN, USA) according to the
manufacturer's instruction as described previously”*.
The minimum detectable cytokine concentrations
were estimated to be 1 pg/ml for IL-2, IFN-y, TNF-q,
and IL-10 as well as 1.6 pg/ml for IL-6. Cytokine
levels are expressed as the mean + the standard error

of the mean (SEM).
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Statistical analysis

Mean cytokine levels were compared between
the no-antigen and antigen-only groups as well as
between the antigen-only and antigen-plus-THL or
antigen-plus-AHCC groups by the Wilcoxon signed
rank test. Results were considered to be significant at
a p value of < 0.05.

RESULTS

In this study, we tested whether THL (1:1000
dilution) or AHCC (5 pg/ml) had modulating effects
on PHA- (1 pg/ml), TT- (10 pg/ml), GtfD- (10 pg/ml),
and S. mutans-stimulated (2 x 10° CFU) secretions of
IL-2, IFN-y, TNF-q, IL-6, and IL-10 by EOLP-T cells.
Compared to the spontaneous release of IL-2 (8 = 2
pg/ml) by EOLP-T cells, PHA and TT stimulated
EOLP-T cells to secrete higher levels of IL-2 (59 + 10
and 25 + 9 pg/ml, respectively), but the differences
were not significant (p > 0.05) (Table 1). THL had no
significant modulating effect on antigen-stimulated
IL-2 production by EOLP-T cells. However, AHCC
significantly reduced PHA-stimulated IL-2 production
from 59 £ 10 to 25 = 5 pg/ml (p < 0.05, Table 1).

IFN-y secretion by EOLP-T cells was elicited to
significantly higher levels with stimulation by PHA
(72 £ 13 pg/ml, p < 0.001), GtfD (130 = 17 pg/ml, p <
0.001), and S. mutans (86 = 27 pg/ml, p < 0.01)
compared to the spontaneous release of IFN-y (3 + 2
pg/ml) by EOLP-T cells without antigen stimulation.
It was obvious that GtfD was the strongest antigen
for stimulating IFN-y secretion by EOLP-T cells,

followed by S. mutans and PHA. THL had no
significant modulating effect on antigen-stimulated
IFN-y production by EOLP-T cells. However, AHCC
significantly enhanced GtfD-stimulated IFN-y pro-
duction by EOLP-T cells from 130 = 17 to 278 + 39
pg/ml (p < 0.005, Table 2).

Significantly higher levels of TNF-o production
by EOLP-T cells from 6 + 3 to 52 + 9 (p < 0.001), 396
+ 34 (p <0.001), and 491 + 27 pg/ml (p < 0.001) were
respectively elicited by stimulation with PHA, GtfD,
and S. mutans (Table 3). THL significantly augmented
PHA- or TT-stimulated TNF-a production by EOLP-T
cells from 52 + 9 to 275 £+ 32 pg/ml (p < 0.001) or
from 9 + 3 to 253 £ 29 pg/ml (p < 0.001), respectively.
THL also significantly lowered S. mutans-stimulated
TNF-a production by EOLP-T cells from 491 + 27
to 311 = 27 pg/ml (p < 0.001). AHCC significantly
raised PHA- and TT-stimulated TNF-a production by
EOLP-T cells from 52 + 9 to 148 + 42 pg/ml (p < 0.05)
and 9 = 3 to 108 = 16 pg/ml (p < 0.001), respectively
(Table 3).

Stimulation with GtfD and S. mutans signi-
ficantly increased IL-6 secretion by EOLP-T cells
from 143 £ 94 to 12,614 + 981 pg/ml (p < 0.001)
and to 12,046 + 828 pg/ml (p < 0.001), respectively
(Table 4). THL significantly enhanced PHA- and
TT-stimulated IL-6 production by EOLP-T cells from
1567 £ 927 to 10,017 + 1182 pg/ml (p < 0.001) and
210 £+ 152 to 10,532 + 1224 pg/ml (p < 0.001), res-
pectively. AHCC also significantly increased PHA-
and TT-stimulated IL-6 production by EOLP-T
cells from 1567 £ 927 to 10,142 + 1030 pg/ml
(p<0.001) and 210 £ 152 to 11,437 + 1341 pg/ml
(p<0.001), respectively (Table 4).

Table 1. Modulation of antigen-stimulated interleukin-2 (IL-2) production by Tien-Hsien liquid (THL) or active hexose-correlated
compound (AHCC) in T cells isolated from 15 patients with erosive oral lichen planus

IL-2 level (pg/ml, mean + SEM)

Antigen - -
No antigen Antigen only Antigen+THL AntigentAHCC
(1:1000 dilution) (5 pg/ml)
PHA (1 pg/ml) 8+2 59+10 44 £ 11 25+5°
TT (10 pg/ml) 8+2 25+9 9+3 17+6
GtfD (10 pg/ml) 8+2 T+2 5+1 7+2
Streptococcus mutans (2 x 105 CFU) 8§£2 5+2 S5+1 7+2

Comparison by Wilcoxon signed rank test between the antigen-only and antigen+AHCC groups with ap <0.05.

PHA, phytohemagglutinin; TT, glutaraldehyde-inactivated tetanus toxoid; GtfD, glucosyltransferase.
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Table 2. Modulation of antigen-stimulated interferon (IFN)-y production by Tien-Hsien liquid (THL) or active hexose-correlated compound
(AHCC) in T cells isolated from 15 patients with erosive oral lichen planus

IFN-y level (pg/ml, mean = SEM)

Antigen - -
& No antigen Antigen only Antigen+THL AntigentAHCC
(1:1000 dilution) (5 pg/ml)
PHA (1 pg/ml) 3+2 72+13° 89 +52 44+9
TT (10 pg/ml) 3£2 12£6 28+ 15 20+ 11
GtD (10 pg/ml) 342 130+ 17° 123 + 41 278 +39°
Streptococcus mutans (2 x 105 CFU) 3+2 86 + 27b 31+18 142 + 33

Comparison by Wilcoxon signed rank test between the no-antigen and antigen-only groups with ap <0.001 and bp <0.01 as well as between the

antigen-only and antigen+AHCC groups with Cp <0.005.

PHA, phytohemagglutinin; TT, glutaraldehyde-inactivated tetanus toxoid; GtfD, glucosyltransferase.

The spontaneously released IL-10 level by
EOLP-T cells without antigen stimulation was too low
to be detected (< 1 pg/ml). Significantly higher levels
of IL-10 were produced by EOLP-T cells after sti-
mulation with GtfD (44 + 9 pg/ml, p < 0.001) and S.
mutans (47 = 11 pg/ml, p < 0.001) compared to the
spontaneously released IL-10 produced by EOLP-T
cells without antigen stimulation (< 1 pg/ml) (Table 5).
THL significantly depressed GtfD- and S. mutans-
stimulated IL-10 production by EOLP-T cells from 44
+9to 16 + 5 pg/ml (p < 0.05) and 47 + 11 to 20 + 7
pg/ml (p < 0.05), respectively (Table 5).

DISCUSSION

This study found that GtfD and S. mutans were

more-potent antigens than PHA and TT for stimulat-
ing cytokine production by EOLP-T cells, except
for stimulation of IL-2 secretion. THL not only
significantly increased PHA- and TT-stimulated
TNF-a and IL-6 production by EOLP-T cells, but
also significantly decreased GtfD-stimulated IL-10
production and S. mutans-stimulated TNF-a and IL-10
production by EOLP-T cells. These findings suggest
that THL is an immunomodulator that can either
potentiate or suppress cytokine secretion by EOLP-T
cells.

This study also demonstrated that AHCC not
only significantly enhanced PHA- and TT-stimulated
TNF-o and IL-6 production and GtfD-stimulated
IFN-y production by EOLP-T cells but also signi-
ficantly reduced PHA-stimulated IL-2 production by
EOLP-T cells. These findings indicate that AHCC

Table 3. Modulation of antigen-stimulated tumor necrosis factor (TNF)-a production by Tien-Hsien liquid (THL) or active
hexose-correlated compound (AHCC) in T cells isolated from 15 patients with erosive oral lichen planus

TNF-a level (pg/ml, mean + SEM)

Antigen No antigen Antigen only Antigen+THL Antigen+AHCC
(1:1000 dilution) (5 pg/ml)
PHA (1 pg/ml) 6+3 5249 275 +32° 148 + 42°
TT (10 pg/ml) 6+3 9+3 253 +29° 108 + 16°
GtfD (10 pg/ml) 6+3 396+ 34" 289 + 45 43332
Streptococcus mutans (2 x 105 CFU) 6=+3 491 +27° 311+ 27b 451 +£30

Comparison by Wilcoxon signed rank test between the no-antigen and antigen-only groups with ap <0.001 as well as between the antigen-only

and antigen+THL or antigen+t AHCC groups with bp <0.001 and cp <0.05.

PHA, phytohemagglutinin; TT, glutaraldehyde-inactivated tetanus toxoid; GtfD, glucosyltransferase.
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Table 4. Modulation of antigen-stimulated interleukin (IL)-6 production by Tien-Hsien liquid (THL) or active hexose-correlated compound
(AHCC) in T cells isolated from 15 patients with erosive oral lichen planus

IL-6 level (pg/ml, mean + SEM)

Antigen

No antigen Antigen only Antigen+THL AntigentAHCC
(1:1000 dilution) (5 ug/ml)
PHA (1 pg/ml) 143 +94 1567 = 927 10017 + 1182° 10142 £ 1030°
TT (10 pg/ml) 143+ 94 210+ 152 10532 + 1224° 11437 = 1341°
GHD (10 pg/ml) 14394 12614 = 981° 10632 = 893 12075 = 951
Streptococcus mutans (2 x 10° CFU) 143+ 94 12046 + 828" 10663 = 847 11929 + 1031

Comparison by Wilcoxon signed rank test between the no-antigen and antigen-only groups with ap <0.001 as well as between the antigen-only

and antigen+THL or antigen+AHCC groups with bp <0.001.

PHA, phytohemagglutinin; TT, glutaraldehyde-inactivated tetanus toxoid; GtfD, glucosyltransferase.

may also have the capability to modulate cytokine
secretion by EOLP-T cells.

In this study, GtfD and S. mutans significantly
increased IFN-y, TNF-qa, IL-6, and IL-10 secretion by
EOLP-T cells. Our previous study showed that GtfD
slightly augmented the proliferative response of
EOLP-T cells compared to that of T cells from healthy
control subjects®. Therefore, the significant GtfD-
induced elevation of IFN-y, TNF-a, IL-6 and IL-10
secretions may partially be attributed to an increase in
the number of T cells that are capable of secreting
these 4 cytokines after stimulation with GtfD. In
addition, IFN-y and TNF-a themselves can promote
TNF-o synthesis and/or release from activated
macrophages”. TFN-y can induce the production of
IL-6 mRNA.* TNF-a can induce the secretion of

IFN-y by T lymphocytes and can stimulate the
secretion of IL-6 by activated macrophages®. IL-6 can
also induce the production of TNF-a by activated
monocytes”. Thus, the significant GtfD- and S.
mutans-induced elevations of IFN-y, TNF-a, and IL-6
secretion by EOLP-T cells can also be attributed to the
reciprocal stimulation by these 3 cytokines on one
another.

Streptococcus mutans is a common pathogen
found in dental plaque on the surfaces of teeth™. In
patients with EOLP, S. mutans may secondarily infect
oral ulcerative lesions of EOLP through mucosal
breaks. Therefore, S. mutans antigens and its secreted
proteins such as GtfD may penetrate into the
ulcerative oral mucosa and elicit specific immune
reactions that exacerbate EOLP lesions. This study

Table 5. Modulation of antigen-stimulated interleukin (IL)-10 production by Tien-Hsien liquid (THL) or active hexose-correlated
compound (AHCC) in T-cells isolated from 15 patients with erosive oral lichen planus

IL-10 level (pg/ml, mean + SEM)

Antigen

No antigen Antigen only Antigen+THL AntigentAHCC
(1:1000 dilution) (5 pg/ml)
PHA (1 pg/ml) <1 541 5+1 5+1
TT (10 pg/ml) <1 <1 3+1 4+2
GtD (10 pg/ml) <1 44+ 9 16+5° 37+7
Streptococcus mutans (2 x 105 CFU) <1 47+ 11° 20+ 7b 48 £12

Comparison by Wilcoxon signed rank test between the no-antigen and antigen-only groups with ap <0.001 as well as between the antigen-only

and antigen+THL groups with bp <0.05.

PHA, phytohemagglutinin; TT, glutaraldehyde-inactivated tetanus toxoid; GtfD, glucosyltransferase.
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showed that THL significantly decreased GtfD-
stimulated IL-10 production by EOLP-T cells and
S. mutans-stimulated TNF-a and IL-10 production
by EOLP-T cells. THL also slightly reduced GtfD-
stimulated TNF-a, and IL-6 production by EOLP-T
cells and S. mutans-stimulated IFN-y and IL-6
production by EOLP-T cells, although the differences
were not significant. Previous studies showed
increased production of IL-2, IFN-y, TNF-a, IL-6, and
IL-10 by tissue-infiltrating mononuclear cells from
OLP lesions*?, elevated unstimulated secretion of
TNF-0 and IL-6 by OLP-PBMCs*, and augmented
serum levels of TNF-a and IL-6 in OLP patients®'****,
The results of our study indicate that THL can
significantly or slightly decrease GtfD- and S.
mutans-stimulated IFN-y, TNF-o, IL-6, and IL-10
production by EOLP-T cells. Therefore, we suggest
that THL may be a potential immunomodulator for
treatment of OLP.

The reasons why THL has modulating effects on
cytokine production by EOLP-T cells are still not very
clear. IL-2 is a T-cell growth factor. Its major function
is to enhance proliferation of activated T cells®.
TNF-a has multiple stimulatory activities on activated
T cells, including increasing the proliferation in
response to antigens, increasing IL-2 receptor ex-
pression, and increasing the response to an IL-2
stimulus. IL-6 acts together with IL-2 to induce T-cell
proliferation and cytotoxic T lymphocyte generation".
Furthermore, as stated before, IFN-y, TNF-a, and IL-6
are closely related inflammatory cytokines, and one
can induce production of the others”. Because
previous studies on mice showed that ingredients of
THL can induce secretion of IFN-y and IL-2 by mouse
spleen cells, increase the expression of IL-2R by
murine lymphocytes, and induce the proliferation
of murine lymphocytes®®®, it was not difficult
to explain how THL can significantly or slightly
augment PHA- or TT-stimulated IFN-7 , TNF-a, and
IL-6 production by EOLP-T cells. On the contrary,
ingredients of THL can also decrease PHA-induced
and antigen-stimulated IL-2 secretion by murine
spleen cells and inhibit blast transformation and
proliferation of murine lymphocytes®***. Therefore,
it is not difficult to understand how THL can
significantly or slightly decrease GtfD- and S.
mutans-stimulated IFN-y, TNF-a, and IL-6 production
by EOLP-T cells.

EOLP is probably a T-cell-mediated disease with
elevated levels of IL-2, IFN-y, TNF-q, IL-6, and IL-10

J Dent Sci 2008 « Vol 3 « No 3
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in either the patient’s serum or oral lesions. Our study
showed that GtfD- and S. mutans-stimulated IFN-y,
TNF-a, IL-6, and IL-10 production by EOLP-T cells
could be significantly or slightly reduced by THL.
Therefore, we suggest that THL may be a potential
immunomodulator for treatment of EOLP.

ACKNOWLEDGMENTS

We would like to thank Feida Union Phar-
maceutical Manufactory for providing the THL.
This work was supported by a grant from Ching-
Hsing Medical Foundation, Taipei, Taiwan.

REFERENCES

1. Sugerman PB, Savage NW, Walsh LJ, Zhao ZZ, Zhou X]J,
Khan A, Seymour GL, Bigby M. The pathogenesis of oral
lichen planus. Crit Rew Oral Biol Med, 13: 350-365, 2002.

2. Zhao ZZ, Savage NW, Sugerman PB, Walsh LJ. Mast cell/T
cell interactions in oral lichen planus. J Oral Pathol Med, 31:
189-195, 2002.

3. Khan A, Farah CS, Savage NM, Walsh LJ, Harbrow DJ,
Sugerman PB. Thl cytokines in oral lichen planus. J Oral
Pathol Med, 32: 77-83, 2003.

4. Hirota J, Osaki T, Tatemoto Y. Immunohistochemical staining
of infiltrates in oral lichen planus. Path Res Pract, 186:
625-632, 1990.

5. Yamamoto T, Yoneda K, Ueta E, Osaki T. Cellular immu-
nosuppression in oral lichen planus. J Oral Pathol Med, 19:
464-470, 1990.

6. Sun A, Chiang CP, Chiou PS, Wang JT, Liu BY, Wu YC.
Immunomodulation by levamisole in patients with recurrent
aphthous ulcers or oral lichen planus. J Oral Pathol Med, 23:
172-177, 1994.

7. Sun A, Chiang CP. Levamisole and/or Chinese medicinal
herbs can modulate the serum level of squamous cell
carcinoma associated antigen in patients with erosive oral
lichen planus. J Oral Pathol Med, 30: 542-548, 2001.

8. Sun A, Chia JS, Chang YF, Chiang CP. Serum interleukin-6
level is a useful marker in evaluating therapeutic effects of
levamisole and Chinese medicinal herbs on patients with oral
lichen planus. J Oral Pathol Med, 31: 196-203, 2002.

9. Sun A, Wang JT, Chia JS, Chiang CP. Serum interleukin-8
level is a more sensitive marker than serum interleukin-6
level in monitoring the disease activity of oral lichen planus.
Br J Dermatol, 152: 1187-1192, 2005.

10. Sun A, Chia JS, Wang JT, Chiang CP. Levamisole can reduce
the high serum tumor necrosis factor-a level to a normal level
in patients with erosive oral lichen planus. Clin Exp Dermatol,
32:308-310, 2007.

11. Roitt I, Brostoff J, Male D. Cell cooperation in antibody
response. In “Immunology” 5th ed, Mosby, London, United

165



A. Sun, J.S. Chia, W.B. Wang, et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kingdom, pp. 139-153, 1998.
Szabo SJ, Sullivan BM, Peng SL, Glimcher LH. Molecular
mechanisms regulating Thl immune responses. Annu Rev
Immunol, 21: 713-758, 2003.
Vilcek J, Lee TH. Tumor necrosis factor: new insights into the
molecular mechanisms of its multiple actions. J Biol Chem,
266: 7313-7316, 1991.
Vasalli P. The pathophysiology of tumor necrosis factor. Annu
Rev Immunol, 10: 411-452, 1992.
Ebersole JL. Cells and tissues of the immune system. In
“Contemporary Oral Microbiology and Immunology”, Slots
J, Taubman MA eds, Mosby, St. Louis, pp. 78-116, 1992.
Toruniowa B, Krasowska D, Koziol M, Ksiazek A, Pietrzak A.
Serum levels of IL-6 in mycosis fungoides, psoriasis and
lichen planus. Ann New York Acad Sci, 762: 432-434, 1995.
Hibi M, Nakajima K, Hirano T. IL-6 cytokine family and
signal transduction: a model of the cytokine system. J Mol
Med, 74: 1-12, 1996.
Moore KW, de Waal Malefyt R, Coffman RL, O’Garra A.
Interleukin-10 and the interleukin-10 receptor. Ann Rev
Immunol, 19: 683-765, 2001.
Roncarolo MG, Battaglia M, Gregori S. The role of interleukin
10 in the control of autoimmunity. J Autoimmunity, 20:
269-272, 2003.
Simark-Mattsson C, Bergenholtz G, Jontell M, Eklund C,
Seymour GJ, Sugerman PB, Savage NW, Dahlgren UL
Distribution of interleukin-2, -4, -10, tumor necrosis factor-o
and transforming growth factor-p mRNAs in oral lichen
planus. Arch Oral Biol, 44: 499-507, 1999.
Faggioli L, Merola M, Hiscott J, Furia A, Monese R, Tovey M,
Palmieri M. Molecular mechanisms regulating induction of
interleukin-6 gene transcription by interferon-gamma. Eur J
Immunol, 27: 3022-3030, 1997.
Yamamoto T, Osaki T, Yoneda K, Ueta E. Cytokine production
by keratinocytes and mononuclear infiltrates in oral lichen
planus. J Oral Pathol Med, 23: 309-315, 1994.
Yamamoto T, Osaki T. Characteristic cytokines generated by

keratinocytes and mononuclear infiltrates in oral lichen planus.

J Invest Dermatol, 104: 784-788, 1995.

Karagouni EE, Dotsika EN, Sklavounou A. Alteration in
peripheral blood mononuclear cell function and serum
cytokines in oral lichen planus. J Oral Pathol Med, 23: 28-35,
1994.

Yamamoto T, Yoneda K, Ueta E, Osaki T. Serum cytokines,
interleukin-2 receptor, and soluble intercellular adhesion
molecule-1 in oral disorders. Oral Surg Oral Med Oral Pathol,
78:727-735, 1994.

Sun A, Chia JS, Wang WB, Chiang CP. Immunomodulation

166

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

effects of “Tien-Hsien liquid” on peripheral blood mono-
nuclear cells and T lymphocytes from patients with recurrent
aphthous ulcerations. Am J Chin Med, 32: 221-234, 2004.

Sun A, Chia JS, Wang WB, Chiang CP. “Tien-Hsien liquid”
can modulate antigen-stimulated cytokine production by T
cells from patients with recurrent aphthous ulcerations. Am J
Chin Med, 33: 559-571, 2005.

Hu HM. Chinese herbs. Shanghai Science and Technology
Publishing Company, Shanghai, pp. 164-169, 182-187, 517-
525, 814-835, 866-884, 1217-1225, 1269-1294, 1464-1470,
1530-1533, 1594-1597, 1893-1902, 2330-2337, 2367-2372,
1996.

Luoh HS. Immunopharmacology of Chinese medicinal herbs.
Union Publishing Company of Beijing Medical University and
Peking Union Medical College, Beijing, pp. 26-31, 40-53,
103-106, 130-133, 147-152, 218-222, 295-297, 404-405,
1999.

Chia JS, You CM, Hu CY, Chiang BL, Chen JY. Human T-cell
response to the glucosyltransferases of Streptococcus mutans.
Clin Diag Lab Immun, 8: 441-445, 2001.

Sun A, Chia JS, Chiang CP. Increased proliferative response
of peripheral blood mononuclear cells and T cells to
Streptococcus mutans and glucosyltransferase D antigens in
the exacerbation stage of recurrent aphthous ulcerations. J
Formos Med Assoc, 101: 560-566, 2002.

Kidd PM. The use of mushroom glucans and proteoglycans in
cancer treatment. Altern Med Rev, 5: 4-27, 2000.

Kamiyama Y. Improving effect of active hexose correlated
compound (AHCC) on the prognosis of postoperative he-
patocellular carcinoma patients. Eur Surg Res, 31: 216
(Abstract), 1999.

Matsui Y, Kawaguchi Y, Kamiyama Y. Effects of AHCC
as a complementary therapy on prognosis of postoperative
hepatocellular carcinoma patients. AHCC Research As-
sociation 7th Symposium Abstracts. Quality of Life Labs,
New York, 1999.

Chia JS, Lien HT, Hsueh PR, Chen PM, Sun A, Chen JY.
Induction of cytokines by glucosyltransferases of Strep-
tococcus mutans. Clin Diagn Lab Immunol, 9: 892-897, 2002.
Fayyazi A, Schweyer S, Soruri A, Duong LQ, Radzun HJ,
Peters J, Parwaresch R, Berger H. T lymphocytes and altered
keratinocytes express interferon-y and interleukin 6 in lichen
planus. Arch Dermatol Res, 291: 485-490, 1999.

Sugermann PB, Savage MW, Seymour GJ, Walsh LJ. Is there
a role for tumor necrosis factor-alpha (TNF-a)) in oral lichen
planus? J Oral Pathol Med, 25: 219-224, 1996.

Loesche WJ. Role of Streptococcus mutans in human dental
decay. Microbiol Rev, 50: 353-380, 1986.

J Dent Sci 2008 « Vol 3 + No 3



