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Abstract Objective The aim of this study is to analyze the tongue epithelial response to ciga-
rette smoke exposure on a number of macrophages, lymphocytes, plasma cells, and
matrix metalloproteinase 9 (MMP-9) expression to determine the risk factor of oral
cancer development.

Materials and Methods Thirty Rattus norvegicus will be exposed to two kinds
of cigarette smoke by a smoking pump for 4 and 8 weeks. The tongues were col-
lected to analyze the number of macrophages, lymphocytes, and plasma cells with
hematoxylin-eosin. The MMP-9 expression was similarly analyzed with immunohisto-
chemical staining and then compared with the control group.

Results The number of macrophages, lymphocytes, and MMP-9 expression was
higher in the 8-week cigarette smoke exposure compared to the 4-week cigarette
smoke exposure and the control group (p < 0.000). The number of plasma cell did not

Keywords differin the 8-week cigarette smoke exposure from that of the control group (p > 0.05).
= cigarette smoke The number of plasma cells in the tongue tissue during the 4-week cigarette smoke
= lymphocytes exposure was not determined.
= macrophages Conclusion Cigarette smoke exposure induces the risk of oral cancer develop-
= MMP-9 expression ment as a result of an increase in the number of macrophages, lymphocytes, and
= tongue MMP-9 expression in the tongue epithelial.

Introduction 19 years and in women of reproductive age between 15 and

49 years.! Smoking can cause 15 types of cancer, including
oral precancerous and cancerous lesion. In Indonesia, cases
of oral cancer range from 3 to 4% of all cancer cases, and the
mortality rate reaches 2 to 3% of the total number of deaths
due to malignancy.>*

Tobacco use has become a big problem for health around
the world. Tobacco products contain thousands of chemical

Health problems caused by cigarettes do not only affect
active smokers but also passive smokers. Various studies
have shown that passive smoking has the same health risks
as active smoking. More than two-thirds of Indonesia’s pop-
ulation has been exposed to cigarette smoke since birth. The
highest occurrence of passive smoking is in children aged 5 to
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constituents, including nicotine, noricotine, and anabasine.
Nicotine reacts with nitrite to produce specific nitrosamines
such as 4-(methyl nitrosamino)-1-(3-pyridyl)-1-butanone
and 4-(methyl nitrosamino)-1-(3-pyridyl)-1-butanol. These
products lead to the production of reactive oxygens species
(ROS), which are known to activate nuclear factor kappa beta
(NF-kB)® and cause DNA mutations that stimulate the growth
of oral cancer.®

The pathogenesis of oral cancer is not fully understood.
Smoking, alcohol consumption, exposure to radiation, and
chemical carcinogens are postulated as the main risk fac-
tors. Smoking will lead to an inflammatory response in the
oral mucosa due to the production of heat, smoke, and the
products contained within the cigarettes. These products
cause inflammatory responses in the oral mucosa’ and can
lead to the development of oral cancer? The inflammation
process involves the recruitment of inflammatory cells. One
inflammatory cell, which has an important role in the devel-
opment of oral cancer, is macrophages as this type of cell
produces pro-inflammatory cytokine.® Cytokines are essen-
tial constituents in the microenvironment of cancers due to
their ability to invade and metastasize, and can promote cell
proliferation and survival.'® Other inflammatory cells such
as lymphocyte cells are indicators of the onset of chronic
inflammation."

Matrix metalloproteinase 9 (MMP-9) is a protease
enzyme that has the potential to be a cancer marker,
including oral cancer. MMP-9 is involved in the early devel-
opment and growth of cancer.”? Moreover, MMP-9 is an
endopeptidase enzyme that has a role in the division and
destruction of extracellular matrix substrates, and reg-
ulates various protein activities.'* It also has a high pres-
ence in the gelatinolytic process, which degrades collagen
types IV, V, VII, IX, and X, fibronectin, e-cadherin, and elas-
tin. MMP-9 is secreted by cells of the human body, such as
fibroblast cells, endothelial cells, polymorphonuclear cells,
keratinocytes, macrophages, and epithelial cells.'"* MMP-9
expression increases during cancer growth and therefore
considered capable of being a marker for cancer diagnos-
tic and prognosis.'* However, no studies have evaluated the
increase of inflammatory cell and MMP-9 expression during
exposure to cigarette smoke. The purpose of this study is
to determine the number of macrophages, lymphocytes,
plasma cells, and MMP-9 expression on the tongue epithe-
lial of Rattus norvegicus exposed to cigarette smoke as an
indicator of the risk factor for oral cancer.

Materials and Methods

Animals

All experimental animals were treated by following the reg-
ulations on Animal Care and Use Committee of Airlangga
University. The protocol was approved by the Health Research
Ethical Clearance Committee, Faculty of Dental Medicine
with the registration number 181/HRECC.FODM/IX/2017.
This study used a sample of 30 R. norvegicus—3-month-old
male and weighing between 170 and 200 g—that is selected
based on the benchmarks of healthy mice, which includes

clear-eyed features, shiny fur, agile movements, and good
feces.

Cigarette Smoke Exposure

Cigarette smoke exposure was artificially created using a
smoking pump. The animal placed in a room that was con-
nected to a smoking chamber by a valve. The valve serves to
equalize the dose of smoke coming into each of the mouse
tubes so that the animals were actively exposed to cigarette
smoke. Two cigarettes per day were burned and exposed to
the animal for either 4 or 8 weeks.

Tissue Collection

After all the animals had been exposed to cigarette smoke
for 4 or 8 weeks, excluding the control group who were not
exposed, the animals were then sacrificed. The tongues were
dissected, and a histology preparation procedure and paraf-
fin block were conducted.

Number of Macrophages, Lymphocytes, and

Plasma Cell

The tongue tissue was stained using hematoxylin-eosin to
directly count the number of macrophages, lymphocytes,
and plasma cell. This was done in five different field light
microscopes, with x 1,000 magnification using a Nikon HG00L
microscope with a 300-megapixel DS Fi2 camera and the
Nikon Image System picture software procession.

Matrix Metalloproteinase 9 Expression

The MMP-9 expression is a collagenase type IV proteo-
Iytic enzyme in which the observed expression stains a
brownish color in the cytoplasm of cells undergoing dys-
plasia using MMP-9 monoclonal antibodies by immuno-
histochemical methods. The stain was analyzed by directly
counting the immunoreactive cell in the basal and supra-
basal regions in 20 different field light microscopes, with
%1,000 magnification using a Nikon H600L microscope with
a 300-megapixel DS Fi2 camera and the Nikon Image System
picture software procession.

Statistical Analysis

The results of the data obtained were statistically analyzed
using the Statistical Package for the Social Sciences. Data
analysis was performed by using the Kolmogorov-Smirnov
test to test for normality and Levene's test for homogeneity.
One-way analysis of variance would be carried out to com-
pare the MMP-9 expression between each treatment group.
The number of macrophages, lymphocytes, and plasma cells
was analyzed using the Kruskal-Wallis and Mann-Whitney
test to compare each treatment group. A p-value <0.05 was
considered as different.

Results

Number of Macrophages, Lymphocytes, and

Plasma Cell

The number of macrophages, lymphocytes, and plasma cells
is presented in =~Fig. 1. The macrophages cells in the tongue
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epithelial after 8 weeks of cigarette smoke exposure (10.20
+ 8.69) was greater than 4 weeks of cigarette smoke expo-
sure (8.60 + 5.29) and the control (5.80 + 6.29) (p = 0.000).
The macrophages cells in the tongue epithelial exposed to
4 weeks of cigarette smoke (8.60 + 5.29) showed a higher
number than that of the control group (5.80 + 6.29; p =
0.014;~Table 1).

The lymphocytes cells in the tongue epithelial after
8 weeks of cigarette smoke exposure (23.40 + 13.26) showed
a higher number in comparison to 4 weeks of cigarette smoke
exposure (9.80 £+ 10.15) and the control group (0.80 + 2.62;
p = 0.000). The macrophages cells in the tongue epithelial
after 4 weeks of cigarette smoke exposure (9.80 + 10.15)
was higher than the control group (4.80 + 2.62; p = 0.009;
=~Table 1).The plasma cell in the tongue epithelial showed no
difference in either 8 or 4 weeks of cigarette smoke exposure
when compared to the control group (p=0.135; =Table 1).

Matrix Metalloproteinase 9 Expression
The MMP-9 expression was calculated from the cytoplasm of
the basal and parabasal epithelial cells, which showed brown

MMP-9 expression (=Fig. 2). The MMP-9 expression in the
tongue epithelial after 8 weeks of cigarette smoke expo-
sure (13.10 + 2.38) showed a higher number than both the
4 weeks of cigarette smoke exposure (8.80 + 3.46) and the
control group (5.00 + 1.89; p = 0.010 and p = 0.000, respec-
tively). The MMP-9 expression in the tongue epithelial after
4 weeks of cigarette smoke exposure (8.80 + 3.46) showed a
higher number than the control group (5.00 £1.89; p=0.000;
~Table 1).

Discussion

Continuous exposure to cigarette smoke can cause persistent
lesions on the oral mucosa. With such injuries, the body will
respond with self-defense, which causes a chronic inflamma-
tory process as a response to long-term cigarette smoke expo-
sure. The occurring inflammation is indicated by the presence
of activated inflammatory cells. The chronic inflammation is
characterized by the infiltration of mononuclear cells such
as macrophages, lymphocytes, and plasma cells in the tissue,
resulting in tissue destruction. These cells cause the increase

Fig. 1 The macrophages cells (white arrow), lymphocytes (yellow arrow), and plasma cells (red arrow) in the tongue epithelial (x1,000 magni-
fication). Control group (A, D), 4-week cigarette smoke exposure (B, E), and 8-week cigarette smoke exposure (C, F).

Table 1 The mean of Matrix metallopeptidase 9 expression, number of lymphocytes, macrophages, and plasma cell in the

tongue epithelial

Marker Control 4-week exposure 8-week exposure p-Value
MMP-9 5.00 % 1.89* 8.80 + 3.46% 13.10 £ 2,380 0.000:*
0.010¢
Macrophages 5.80 £ 6.294¢ 8.60 % 5.294 10.20 + 8.69+ 0.014¢
0.000+
Lymphocytes 4.80 + 2.624¢ 9.80+ 10.154 23.40 + 13.26¢ 0.009¢
0.000+
Plasma cells 0.2+0.63 0 0.7+1.16 0.135¢

Abbreviations: MMP-9, matrix metallopeptidase 9; LST, least significant difference.
Mote: the data presented as mean + standard deviation. The same character in the marker column shows significant differences in each group.

*=Significant differences with LSD test, with p < 0.05.
+Significant differences with the Mann-Whitney test, with p < 0.05.
sSignificant value with Kruskal-Wallis test p <0.05.
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Fig. 2 Matrix metallopeptidase 9 expression around cells and in
cytoplasm (yellow arrow; x1,000 magnification). Control group (A),
4-week cigarette smoke exposure (B), and 8-week cigarette smoke
exposure (C).

of ROS."™ The increase in ROS will cause oxidative stress, which
can induce DNA damage and genomic instability.

Lymphocytecellsare seenindicating the onset of chronic
inflammation. This inflammation causes widespread cell
and tissue damage, causing increased macrophage cell
activation. The presence of increased macrophage cells
will activate lymphocytes, which are markers of a chronic
inflammatory phase. Phagocytosis by these macrophages
causes the macrophages to present an antigen that is rec-
ognized by T-CD4 lymphocytes. The activation of T-CD4*
cells causes an even greater immune response, T-CD4" cells
have great potential to produce interleukin 2 (IL-2), which
is an interleukin that is very influential in increasing cell
proliferation. The IL-2 is not only utilized by T-CD4" cells
but also by T-CD8* and B cells, which differentiate into
plasma cells."" Additionally, this research confirmed the
increase of lymphocytes and macrophages after exposure
to cigarette smoke for 8 weeks. Another study conducted
by Zaquia et al supports the results of this study—noting
an increase in the inflammatory cell when studying the
effect of passive smoking on the larynx and trachea over
a period of 120 days—used cigarettes containing 10 mg tar
and 0.8 mg nicotine and one cigarette per day for each ani-
mal."” While this study used cigarettes contained 34 mg tar
and 2.1 mg nicotine, the highest content of tar and nicotine
not only caused the chronic inflammatory response with
the presence of lymphocytes and macrophages but also
saw the occurrence of hyperplasia and dysplasia. A previ-
ous study by Ayuningtyas et al, which examined cigarette
smoke exposure over the course of 4 and 8 weeks with the
same cigarette, saw that there were no clinical changes
of the oral mucosal specifically on the tongue and oro-
pharyngeal mucosal, but there were histological changes
of hyperplasia and dysplasia. At 4 weeks, mild dysplasia
developed, and at 8 weeks it changed to moderate and
severe dysplasia.'®'® The results of the study proved that
long-term cigarette smoke exposure and cigarette compo-
sition contributed to the risk factor of oral cancer develop-
ment, along with the presence of hyperplasia and dysplasia
as a marker of histological changes; thus, in this study we
would like to elucidate cellular and molecular changes due
to long-term cigarette smoke exposure through examining
level of chronic inflammatory cells infiltration as a marker
of chronic inflammation and MMP-9 as a marker for inva-
sion and metastasis.*

No changes can be seen on plasma cell level in this study
between control and treatment group was in line to several

previous studies might due to downregulation of B cell.
Studies on humans generated contradictory data showing
that cigarette smoking increases frequency of memory B cells
and IgE production, lowers regulatory B cell numbers, but
decreases production of IgA, lgG, and IgM in smokers while
smoke exposure downregulates murine marrow pre-B cells
or pro-B cells*! Another study showed a number of B cells
were not affected by smoking.” In summary, smoking might
alter immune response by affecting B cell.

The results of this study showed an increase in
MMP-9 expression proportional to the increased inflamma-
tory cells, which was later confirmed by Ayuningtyas et al,
who noted an increase in severity of the degree of dyspla-
sia. The mechanism proves that continuous smoke exposure
will cause a chronic inflammatory response accompanied
by tissue destruction. Chronic inflammation means a per-
sistent inflammation that causes increased chronic inflam-
matory cells such as macrophages, lymphocytes, and
plasma cells due to increased ROS as a result of exposure to
smoke. These chronic inflammatory cells then release the
metalloproteinase-9 matrix, which facilitates the occur-
rence of malignancy. Matrix metalloproteinase is a group
of enzymes that can damage the bonds between cells and
extracellular matrix. [t is thought to play a role in the process
of carcinogenesis of epithelial cells, including the oral epi-
thelium. Among many matrixine families, MMP-9 is matrix-
ine type that has the highest collagen degradation activity.
Therefore, MMP-9 is more widely observed and considered
as a biomarker for the diagnosis and prognosis of cancer.
MMP-9 is secreted by fibroblast cells, endothelial cells, and
inflammatory cells such as polymorphonuclear neutrophils,
keratinocytes, and macrophages. Moreover, MMP-9 plays a
role in carcinogenesis in two stages. The first stage is actively
involved in the occurrence of dysplasia and is followed by
the next stage in the development of dysplasia toward car-
cinoma.?? In the early stages, MMP-9 plays a role in cell
proliferation by activating several growth factors, such as a
transformative growth factor o (TGF-a) which might induce
hyperplasia, as well as damaging the attachment between
cells to form microenvironment, which supports changes
in cell morphology lead to metastasis. The inflammatory
mediators, including NF-kB, vascular endothelial growth
factor, inflammatory cytokines, prostaglandin pathways,
p53 activation - reactive oxygen and nitrogen species, and
microRNAs, are major players in the pathogenesis of oral can-
cer.” Activation of ROS has a pathological effect besides caus-
ing DNA mutations, such irritating the mucous membrane,
which causes an inflammatory reaction. Moreover, ROS also
degrades inhibitory kappa B (IkB), which causes an increase
inNF-kB in the nucleus. This attracts more inflammatory cells
such as neutrophils and macrophages. These inflammatory
cells produce MMP-9 collagenase enzymes that have destruc-
tive abilities, E-cadherin, which is the adhesive between cells.
MMP-9 also damages collagen type 4, damaging fibronectin
and elastin, which facilitates dysplasia.*® Similarly, ROS also
causes a decrease in the tissue inhibitor of metalloprotein-
ase (TIMP-1) expression by transforming the growth factor
B1 (TGF-B1), which is an antiproliferative agent. TIMP-1 is a
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natural inhibitor of MMP-9; thus, the inhibition of TIMP-1
production causes the excessive expression of MMP-9."

The results also show the presence of MMP-9 expression
in normal epithelial tissue. The MMP-9 expression was pres-
ent in the cytoplasm and cell-extracellular tissue due to the
activity of fibroblasts which can induce MMP-9 expression
in physiological processes** The MMP-9 expression in
the noncigarette smoke exposed group was lower than the
groups of 4 and 8 weeks cigarette smoke exposure. The
increase of MMP-9 expression was followed by an increase in
the inflammatory cells.

Conclusion

Cigarette smoke exposure induces the risk of oral cancer
development due to the increased number of macrophages,
lymphocytes and MMP-9 expressions in the tongue epithelial.
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