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THE EFFECTS OF ARECOLINE ON THE RELEASE OF
CYTOKINES USING CULTURED PERIPHERAL BLOOD
MONONUCLEAR CELLS FROM PATIENTS
WITH ORAL MUCOUS DISEASES

Han-Jen Hsu, Kee-Lung Chang*, Yi-Hsin Yang** and Tien-Yu Shieh**

In Taiwan there is a significant correlation between oral precancer diseases
and oral cancer associated with the betel quid chewing habit. The carcinogenic
components of betel quid are arecoline, arecaidine and safrole. However, it is
unknown whether these substances influence the immune functions. This study
investigated the effects of betel quid on the immune system using cultured pe-
ripheral blood mononuclear cells from patients with oral mucous diseases. In
our experiment, mononuclear cells from 10 normal persons, 12 patients with pre-
cancer lesions, and 16 patients with squamous cell carcinoma were separated
from blood samples and cultured. After stimulation by arecoline, the amounts of
IL-2, TNF- a, TGF- 8 and IFN- 7 secreted by mononuclear cells were mea-
sured using the ELISA method. The results showed that IL-2, TNF- o, and TGF-
A8 were significantly lower in mononuclear cells of normal persons as stimulated
by arecoline . The TGF- £ amount in cells from oral submucous fibrosis pa-
tients with betel quid chewing habit (OSF-B) was lower than normal persons.or
patients who had long term betel quid chewing habit but were without oral mu-
cosal diseases (N-B), and was also lower than the squamous cell carcinoma with
betel quid chewing group (SCC-B). TNF- a was significantly lower in the
squamous cell carcinoma with long term betel quid chewing group (SCC-B) than
in normal persons. TNF- o was significantly higher in the squamous cell carci-
noma without betel quid chewing group (SCC-N) than in normal persons and SCC-
B groups. In addition, IFN- 7 was significantly lower in patients who had long
term betel quid chewing but were without oral mucous lesions than the normal
person and the OSF group. The results proved that betel quid influences cytokines
production by mononuclear cells.
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Previous studies have shown that oral mucousal
disease is closely related to the betel quid chewing
habit in Taiwan [1-3]. According to an earlier study
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from Kaohsiung Medical University, only 7.6% of
all oral cancer patients who do not smoke, drink, or
chew betel quid in Taiwan [4,5]. The average age
of oral carcinoma patients do not smoke, drink or
chew betel quid is close to 60 years old. However,
the average age of oral carcinoma patients with the
betel quid chewing habit is 10 years younger. The
five-year-survival rate was poorer in oral carcinoma
patients with the betel quid chewing habit than those
without the betel quid chewing habit [4,5]. Some re-
searchers believed there to be a correlation between
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the immune system and oral mucous disease. The
mucous fibrosis characteristics of the OSF was simi-
lar to the immune disease — Scleroderta. Inflam-
mation tissue and immune disease were related to
cytokine. Cytokine can increase the immune ability
for the host to avoid the invasion of the micro-or-
ganic and to prevent the growth of the tumor cell.
Cytokine can induce the function of the inflamma-
tion reaction and the ability of the tissue repair, but it
will cause immune disease if the cytokine becomes
unbalanced. Increasing of the cytokine activity and
an unbalanced cytokine network may cause immune
disease.

1L-2 that is produced by T lymphocytes stimu-
lates the proliferation of B celi, T cell and NK cell
and produces the lymphokine. This will increase the
reaction of the NK cytokine. Immune inhibitor of the
SCC p’t can be removed by 1L-2 [6]. Therefore, we
can understand the activity of T cell by detecting IL-
2. We can also know whether the betel quid compo-
nents influence the activity of T cell.

Tumor necrosis factor (TNF) was improved
to the effect that it could kill the tumor cell. TNF can
stimulate T cell to produce cytokine. This study also
aims to ascertain whether the betel quid components
stimulate the produce of TNF.

Interferon (IFN) «, 8 and r can influence
the cell change, such as cell proliferation, differen-
tiation and they can control the immune system. We
can measure the concentration of IFN- 7 to detect
the strength of the immune system.

Measurements of cytokine secretion are used
for the determination of cellular immunity status.
There were significantly lower values of INF- 7 and
IL-2, and the levels of IL-1 and TNF- a were
reduced in patients with melanoma [7]. Each serum
cytokine seems to reflect a characteristic pathology
of individual oral disease. TGF- # has an effect on
collagen synthesis [8,9]. Human buccal mucosa fi-
broblasts in vitro were stimulated by betel nut alka-
loids in different concentrations. However no re-
search was done about the relationship between
cytokine level and betel quid.

Hence, this study was undertaken to assess the
immune status using changes in the amount of
cytokines under stimulation by one of the components
of betel quid - arecoline.

MATERIALS AND METHODS
Patients

This study was conducted using 12 oral submu-

cous fibrosis (OSF) patients and 16 oral squamous
cell carcinoma (SCC) patients. Ten patients with
squamous cell carcinoma had a long-term betel quid
chewing habit (SCC-B). The other six patients had no
such history (SCC-N). Ten patients from the oral
submucous fibrosis group had a long-term betel quid
chewing habit (OSF-B) while the other two patients
did not (OSF-N). In order to elaborate the possible
roles of betel quid chewing habits and host factors
on cytokine production of mononuclear cells, ten sub-
jects had long-term betel quid chewing habits but were
without any oral mucous lesions (N-B, bete! quid 30
+ grams/day over 20 years)and 10 healthy normal
adult controls, with no oral mucous diseases and no
betel quid chewing (N) were also included. All of
the subjects were screened clinically to exclude the
possibility of any other medical factors.

Blood samples and mononuclear cell cultures

Twenty ml of peripleral blood was collected
from all subjects using preservative-free heparin. The
heparinized blood was diluted 1:1 with Hank’s bal-
anced salt solution (HBSS) and layered on to Ficoll-
Hypaque. After centrifugation at 400Xg for 20
minutes, the mononuclear cell interface was care-
fully collected and washed twice in 20ml of HBSS
and centrifugated for 10 minutes at 400Xg. The
mononuclear cells were suspended at a concentra-
tion of 1X10 ¢ cells /ml in RPMI 1640 medium
containing 10% heat-inactivated {56°C, 30min) fetal
bovine serum (FBS, Gibco company), 1%
streptomycin, and 1% penicillin. Incubation of the
cell cultures was performed at 37°C in a humidified
atmosphere of 5% carbon dioxide. After 3 days (72
hours) of culture without a change in medium, Iml
of supernatant was removed from each tube after
being centrifuged at 400Xg for 10 min. The superna-
tant was then frozen at -20°C until assay for cytokine
levels [10].

Choose arecoline stimulating concentration

The mononuclear cells of subjects with normal
oral mucosa who were not betel quid chewers were
incubated for 72 hours with culture medium exposed
to arecoline (C8H13NO2HBr: Methy 1-methyl-1,2,5,
6-terahydronicotinate, FW: 236.1. Sigma.A-6134) at
concentrations of 1 #g/ml, 10 #g/ml, 30 zg/ml, 50 rg/
ml, 70 #g/ml, 100 xg/ml, 150 #g/mi, and 200 xg/ml.
Stimulation was more pronounced with 10 #g/ml,
indicating a concentration-dependent effect. A con-
centration of 10 # g/ml arecoline was therefore added
[11-14].
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Determination of cytokine levels

Highly sensitive, specific, and reproducible en-
zyme-linked immunosorbent assays (ELISA) were
applied for qualitative and quantitative determinations
of IL-2, TNF- &, TGF- A and IFN- r . These tests
were based on the sandwich principle and were per-
formed in one step. ELISA kits were purchased from
Quantikine immunoteck S'A. Assay procedures were
carried out according to the manufacturer’s instruc-
tions [15,16].

ELISA kits of IL-2 contained E. coli-expressed
recombinant human IL-2 and antibodies raised
against recombinant human IL-2. The sensitivity
range is 7-2000 pg/ml. Each TNF- « kit contained E.
coli-expressed recombinant human TNF-2 and an-
tibodies raised against this protein. The ELISA sen-
sitivity range is 4.4-1000 pg/ml. The kit of IFN-7
contained E. coli-expressed recombinant human [FN-
g and antibodies raised against recombinant human
IFN- 7 . The ELISA sensitive range is 3.0-1000 pg/
ml. Kits contained recombinant human TGF- 21
expressed by CHO cells and have been shown to
quantitate the recombinant factor. The ELISA sen-
sitivity range is 7-2000 pg/ml.

Statistical analysis

The nonparametric statistical methods were
used in ths analysis for considering the small sample
size. Wilcoxon /Kruskal-wallis test (Rank Sums) was
used to assess the significance of differences be-
tween the cytokine averages in different disease
patients with or without a betel quid chewing habit.
Signed-Rank test was used to assess the significance
of differences between the cytokine means in dif-
ferent disease patients with or without added
arecoline.

RESULTS

The cytokines releases by cultured peripheral
blood mononuclear cells from normal persons and
from patients with oral mucosal diseases are shown
in Table 1. Considering each lesion/habit group
separately, the arecoline stimulation was significantly
lower than the control groups for all cytokines mea-
sured in the normal oral mucosa group from persons
with no betel-quid chewing experience (N), and the
group of OSF from patients with no betel-quid chew-
ing experience (OSF-N). It was found that the
arecoline stimulation was higher in IL-2 and IFN-7 ,
and the TNF- « and TGF- # measures were oppo-

site in the group of OSF from betel-quid chewers, the
SCC group without chewing experience, and the SCC
group from betel-quid chewers except the OSF with
chewing habit group (OSF-B)(p<0.05).

For OSF patients, persons with betel-quid chew-
ing habit had higher TNF- « , but lower IL-2, TGEF-
B and IFN- 7 measures. For SCC patients, betel-
quid chewers had lower TNF- o , TGF- A and IFN-
7 (arecoline stimulated), and higher IL.-2 and IFN-
7 (control). When considering the N group as a
reference, the OSF-N and OSF-B were both signifi-
cantly lower than in cytokines, except that TNF- «
was opposite. For the TNF- ¢ measures, the N
group fell between SCC-N and SCC-B, and the dif-
ferences were all significant. For betel-quid chewers,
the IL-2 (control), TGF- 4 and IFN- 7 from normal
patients were greater than those of the SCC, and
OSF patients, while the level of TNF- o was OSF>
no-lesion>SCC (Table 2).

DISCUSSION

This study used IL-2, TNF- «, TGF- 4 and
IFN- 7 producing ability of the peripheral blood
mononuclear cell to determine the level of immune
ability (strong or weak)[17-21]. In persons with
normal oral mucosa and betel quid chewing experience,
the amounts of IL-2, TNF- &, and TGF- 2 de-
creased after stimulation with arecoline, while the
amount of IFN-7 showed no change. This revealed
that arecoline can inhibit the IL-2, TNF- ¢, and TGF-
3 releasing ability of the peripheral blood monocytes,
and it could influence the immune ability. Some be-
tel quid chewers often said that they had no oral dis-
easc even after long-term chewing and they did not
want to stop this habit. This study specifically
examined the peripheral blood of N-B patients (no
oral mucous disease, long-term betel quid chewing
habit), and found a significantly lower IFN-7 level
than in normal persons. Although the TGF- 8 of N-
B decreased after adding arecoline, it was still higher
than the TGF- 5 amount in a normal persons after
adding arecoline (Table 1). The IL-2, TGF-4 and
IFN-7 of N-B were also higher than the amounts in
OSF-B/SCC-B patients (Table 2). According to pre-
vious studies of TGF-# immune inhibition ability,
some authors found that the lymphocyte stimulated
by TGF- # will influence the messenger transfer
between IL-2 and its receptor. This will then de-
crease the amount of IFN-r [22,23]. IFN-7 is one
of the most important cytokines for inducing inflam-
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Table 2. Comparison of cytokines released by cultured peripheral blood mononuclear cells among betel-quid

chewers
Betel-guid
chewers without OSF from SCC from Cytokines titer
Cytokines  any oral mucosal betel-quid betel-quid  OSF-B SCC-B SCC-B sequence
(pg/mi) lesions chewers chewers Vs, Vs, Vs,
group (N-B) {OSF-B) (SCC-B) N-B OSF-B N-B
(n=10) (n=10) (n=10)
IL-2 :
Control 8383+ 927 23.76 + 4.27 398+ 486 * * ¥ N-B>SCC-B>
OSF-B
AL 83.53 + 10.58 3868 + 6.17 18138+ 9486 *
TNF- o :
Control 4598 + 441 128.03 +32.76 2455+ 478 * * *  OSF-B>N-B >
SCC-B
AL 50.59 + 2.87 123.16 £32.13 19.19+ 3.19 * *
TGF-8
Control  1704.48 +154.25 5503 +33.66 911.52 +81.94 * * *  N-B>SCC-B>
OSF-B
AL 1656.9 + 138.41 4747 + 26.04 871.56 + 67.77 * * * N-B>SCC-B>
OSF-B
IFN- v
Control 49.06 + 8.20 1589 + 120 21.14+ 133 * * ¥ N-B>SCC-B>
OSF-B
AL 4131+ 475 1847 + 182 2463+ 198 * * ¥ N-B>»SCC-B>
OSF-B

AL ! arecoline
* : p-value<(.05 by wilcoxon rank sum tests.

mation reactions. This study found that N-B patients
had higher TGF- 2 and lower IFN- r than OSF-B/
SCC-B patients (Table 1,2). If the IFN- 7 producing
ability was inhibited, inducing an inflammation reac-
tion will become more difficult. This may be one of
the reasons that even after long-term betel quid
chewing, they still had no oral mucous disease.
Generally speaking, OSF is always induced by
betel quid chewing habit. Other evident etiology is
very limited. We had only 2 cases in the KMU hos-
pital with no history of chewing betel quid. In those
cases, OSF was caused by eating hard / abrasive
food. Perhaps the mechanical abrasion is the etiology.
IL-2 amounts in the OSF-B group were lower than
OSF-N patients (TNF- «, TGF- 5 and IFN- 7 had
no significant differences)(Table 1). This result re-
veals that even the same oral mucous diseases had

different cytokines expression with different
etiologies. Our previous studies found that there were
larger amounts of TGF- £ in the lesion tissue of
OSF-B patients than in normal oral mucosa tissue [24].
TGF-# also has these functions in that it can induce
fibroblast production and inhibit collagenase ability
[8,9,25]. TGF- 2 is an important etiology in OSF in
local tissue. In this study, the TGF- 8 amount in
OSF-B patients in peripheral blood was lower than
in normal persons, N-B persons and SCC-B patients
(Table 1). With or without betel quid chewing, OSF-
N / OSF-B patients had lower IL-2, TGF- 3 and IFN-
7 than normal persons, and the TNF- & amount in
OSF patients was higher than in normal persons
(Table 1). Even though TNF- & amount in OSF-B
patients showed no significant difference to N
persons, it was still the highest in OSF-B, SCC-B and

Kaochsiung J Med Sci 17: 175 — 182, 2001
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N-B persons (Table 2).

Nearly all patients with oral cancer in Taiwan
have betel quid chewing experience [4]. The SCC
patients who did not chew betel quid were very few
[4]. We had no more than 10 cases per year in our
hospital. This study had only 6 cases of oral squa-
mous cell carcinoma who did not chew betel quid.
The TNF- o amount in SCC-N patients was higher
than in normal persons (Table 2). Aside from TNF-«,
the other cytokines (IL-2, TGF- 2 and IFN-r } showed
no significant differences between betel quid chew-
ers or non-betel quid chewers. In SCC-N patients,
their IL-2, TGF- # and IFN- v were lower than
normal persons (Table 1). TNF- « amounts will
elevate to deflect cancer cell formation. SCC-N
patients had higher TNF- & levels, which reveals
that the TNF- « production function by the T lym-
phocytes still existed in their body. The TNF- «
level of SCC-B patients was lower than SCC-N
patients and even lower than normal persons. After
stimulation with arecoline, the TGF- # levels of
SCC-B patients decreased and the [FN- 7 levels of
SCC-N patients also decreased. There is a differ-
ent expression of TGF-# and IFN-7 between SCC-
N and SCC-B patients after stimulation with arecoline
(Table 1). We can confirm that betel quid indeed
influences the cytokine production of mononuclear
cells.
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