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Abstract

Objective: To evaluate the changes in the number of Langerhans Cells (LC) observed in the epithelium of 
smokeless tobacco (SLT-induced) lesions. 
Methods: Microscopic sections from biopsies carried out in the buccal mucosa of twenty patients, who were 
chronic users of smokeless tobacco (SLT), were utilized. For the control group, twenty non-SLT users of SLT 
with normal mucosa were selected. The sections were studied with routine coloring and were immunostained 
for S-100, CD1a, Ki-67 and p63. These data were statistically analyzed by the Student’s t-test to investigate the 
differences in the expression of immune markers in normal mucosa and in SLT-induced leukoplakia lesions. 
Results: There was a significant difference in the immunolabeling of all markers between normal mucosa 
and SLT-induced lesions (p<0.001). The leukoplakia lesions in chronic SLT users demonstrated a significant 
increase in the number of Langerhans cells and in the absence of epithelial dysplasia. 
Conclusion: The increase in the number of these cells represents the initial stage of leukoplakia. 
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Introduction

Among tobacco users, there is a false be-
lief that SLT is safe because it is not burned, 
which leads many people to quit cigarettes 
and start using SLT [1]. However, SLT con-
tains higher concentrations of nicotine than 
cigarettes and, in addition, nearly 30 carci-
nogenic substances, such as tobacco-specific 
N-nitrosamines (TSNA), which is formed 
during the aging process of the tobacco, [2-4] 
and which presents high carcinogenic poten-
tial. Moreover, because the tobacco has direct 
contact with the oral mucosa and creates a 
more alkaline environment, its products may 

even be more aggressive to tissue [5]. The 
percentage of SLT users is lower compared 
to cigarette users; however, usage is increasing 
among young individuals and it is therefore a 
significant and disturbing danger [6,7]. 

Initial studies on the effects of SLT on 
the oral mucosa demonstrated the formation 
of white lesions induced by chronic exposure 
to tobacco, characterized by epithelial thick-
ening, increased vascularization, collagen al-
terations, as well as coagulation necrosis [8,9]. 
Several oral lesions are associated with SLT 
use, of which oral cancer is the most promi-
nent. Its use can be addictive, leading to oral 
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leukoplakias and gingival recession, and it may play a 
contributory role in the development of cardiovascular 
disease, peripheral vascular disease, hypertension and fe-
tal morbidity and mortality. Another epithelial alteration 
observed in SLT users was a variation in the number of 
Langerhans cells (LC) in the oral epithelium. 

Langerhans cells (LC) are antigen-presenting cells 
that reside in the epidermis of the skin and traffic to 
lymph nodes. The general role of these cells in skin im-
mune responses is not clear because distinct models of 
LC depletion resulted in opposite conclusions about 
their role in contact hypersensitivity responses. While 
some authors [10] conclude an increased number of 
LC and reduced mitotic activity at the basal layer, oth-
ers [11] noticed a reduced number of Langerhans cells. 
However, it is possible to suppose that the participation 
of Langerhans cells in antitumor immunity indicates 
that the behavior of these cells can be directly related to 
disease progression [12,13]. 

To improve understanding in regards to the sig-
nificance of the variation in the number of Langerhans 
cells, the present study was designed to evaluate the al-
terations in the distribution and number of Langerhans 
cells as well as the occurrence of epithelial dysplasia in 
SLT-induced leukoplakia lesions. 

Material And Methods

Patients

This protocol (#81/2005) was reviewed by the 
Ethics Committee of Bauru Dental School, University 
of São Paulo and each participant in the project signed 
a detailed informed consent form. Two groups were 
formed: 20 chronic SLT users and 20 non-users of SLT 
(control group). The chronic SLT users with oral leuko-
plakia were selected from venues related to horseracing, 
rodeos and agriculture exhibitions, and were referred to 
the post-graduation clinic of Bauru Dental School. A 
careful medical history was taken of each participant and 
the following data was tabulated: age; gender; ethnicity; 

location, size and evolution of the lesion; frequency and 
duration of SLT use; preferred placement of SLT in the 
oral cavity; type of tobacco used and the present symp-
tomatology. The non-SLT users were selected from the 
Pathological Anatomy Service of the Discipline of Pa-
thology of Bauru Dental School, University of São Paulo. 
Thirteen cases were composed of oral mucosa submitted 
with pericoronal material after extraction of unerupted 
teeth, which received the final diagnosis of a pericoronal 
follicle. The seven remaining cases were comprised of 
oral mucosa adjacent to removed mucoceles, with the 
final diagnosis of a mucus extravasation phenomenon. 

Sample preparation and staining

Incisional biopsies of the leukoplakias were per-
formed. The specimens presented average sizes of 10 
mm x 7 mm x 5 mm at their widest points and were sec-
tioned into two fragments along the largest axis for em-
bedding in paraffin and sectioning. 

The specimens were sectioned at 4-μm thick sec-
tions. Two sections were stained with Harris and Lison’s 
hematoxylin-eosin and six were mounted on silanized 
glass slabs for immunohistochemistry. The immunohis-
tochemical technique was applied using the streptavidin-
biotin method. Antigenic recovery was performed with a 
citrate buffer at 0.01 M and pH 6.0 in a microwave oven, 
in 3 cycles with 5 minutes each, at a power of 750W, us-
ing antibodies for protein S-100 (polyclonal, 1:5,000, 
Dakocytomation), CD1a (O10, 1:20, Immunotech), 
MIB (MIB-1, 1:4,800, Dakocytomation) and p63 (4A4, 
1:300, Neomarkers). Counterstaining was performed 
with Meyer’s hematoxylin. The primary antibody was 
omitted in the negative control, and the positive controls 
were obtained using antibodies for S-100 and CD1a for 
tissue components of the oral mucosa and submucosa, 
and for Ki-67 and p63 for sections of epidermoid carci-
noma. 

All glass slabs were individually analyzed by two 
professionals using a binocular microscope. The epithe-
lial changes were evaluated in accordance with World 
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Health Organization (WHO) criteria: increased kera-
tin layer on the epithelial surface (hyperparakeratosis/
hyperorthokeratosis) and/or increased squamous layer 
(acanthosis); presence of dysplastic changes in the epi-
thelial cells, including enlarged and pleomorphic nuclei 
and cells, large and prominent nucleoli, increased nucle-
us/cytoplasm ratio, hyperchromatic nuclei, diskeratosis, 
increased number of mitoses and atypical mitoses [14]. 
These phenomena defined the occurrence or absence of 
epithelial dysplasia, as well as if it was mild, moderate or 
severe. 

The immunohistochemical labeling was character-
ized as present according to the brown staining of cells, 
or absent when this was not observed. The cells labeled 
by S-100, CD1a, Ki67 and p63 were counted on 20 ran-
domly selected fields for each section, at 40x magnifica-
tion, by two pathologists. 

Statistical Analyses

These data were statistically analyzed by the Stu-
dent’s t-test to investigate the differences in the expres-
sion of immune markers CD1, S-100, Ki67 and p63 in 
normal mucosa and in SLT-induced leukoplakia lesions. 

Results

All 20 patients in the group of normal mucosa were 
males aged 15 to 26 years (mean age 22.1 years), who 
were not tobacco or alcohol users. The group composed 
of chronic users of SLT presenting leukoplakia lesions 
included 20 male patients aged 15 to 26 years (mean 
age 23.4 years), all of whom were students and practiced 
sports or activities related to horseracing, rodeos and ag-
riculture exhibitions. 

The type of SLT most widely employed (18 pa-
tients) was humid and sold in cans. The tobacco was 
placed in the mouth by moistening the fingers and plac-
ing it in the space between the cheek/lip and the gingiva 
or on the sublingual space, between the tongue and the 
teeth. The users varied the site of placement of the SLT 
in the mouth. Two patients used canned SLT packaged 

into small pouches, which were individually placed in 
the mouth at the aforementioned sites. The time of use 
of the SLT ranged from 30 minutes to 4 hours, with a 
mean of 1.2 hours. 

The leukoplakia lesions on the 20 SLT users were 
clinically characterized as blurred white lesions without 
defined contours, with sizes ranging from 1 to 2.5 cm. 
They were located at the buccal sulcus and extended to 
the upper region, either to the cheek (12 patients) or to 
the lip (8 patients). The lesions were asymptomatic and 
had slightly irregular surfaces, forming small undulations 
when observed in detail. 

The thickness of the epithelium of the normal oral 
mucosa in all specimens exhibited ranged from 15 to 30 
layers. The superficial layers predominantly exhibited a 
parakeratinization process. The cells on the superficial 
and squamous layers presented eosinophilic cytoplasm, 
yet some regions occasionally exhibited clear cytoplasm 
and mildly pyknotic nuclei. The epithelial stratification 
and horizontalization were typical, as observed in the 
normal oral mucosa. In the lamina propria and submu-
cosa, the pattern of distribution of cells and collagen fi-
bers was considered normal in all specimens. 

In the SLT-induced lesions, the epithelium in all 
specimens displayed moderate hyperplasia with areas of 
acanthosis (Figure 1). The superficial layers presented 
intensive parakeratinization. The cells on the superficial 
and squamous layers exhibited clear cytoplasm, small 
nuclei and chromatin condensation. Narrow and dense 
zones of parakeratinization were occasionally observed 
among the cells in the superficial layers. 

The epithelial stratification and horizontalization 
were similar to that observed in normal oral mucosa. 
No specimen exhibited morphological signs of epithe-
lial dysplasia. In the lamina propria and submucosa, the 
pattern of distribution of cells and collagen fibers was 
normal in all specimens. There was no inflammatory in-
filtrate or edema on the lamina propria and submucosa.
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 In the cases of normal oral mucosa, the Langerhans 
cells labeled by the protein S-100 were homogeneously 
distributed along the superficial and squamous layers. 
Those located exclusively on the basal layer, which are 

probably melanocytes also sensitive to labeling with this 
antibody, were not considered. These star-shaped, den-
dritic cells had larger and clearer nuclei, compared to 
the adjacent cells, and were permeated between the ke-
ratinocytes. In SLT-induced lesions, the distribution was 
very similar (Figure 2a, b). 

The CD1a immunolabeled Langerhans cells pres-
ent in the normal mucosa were homogeneously distrib-
uted along the squamous and superficial layers. These 
cells had a star-shaped and dendritic appearance, had 
large and clear nuclei and permeated the spaces between 
the keratinocytes. Also, in SLT-induced leukoplakia le-
sions, the distribution of Langerhans cells labeled by 
CD1a was homogeneous along the squamous and su-
perficial layers (Figure 3). Morphologically, they were 
more exuberant compared to those immunolabeled by 
the antibody S-100. 

Immunolabeling by Ki-67 observed in the cases 
of normal oral mucosa was more evident in parabasal 
cells, while cells in the basal layer were occasionally im-
munolabeled. As in the cases of normal oral mucosa, the 
basal cells and especially the parabasal cells were labeled 
and homogeneously distributed along the epithelium of 
SLT-induced leukoplakia lesions (Figure 4) [2]. 

The immunolabeling by p63 observed in cases of 
normal oral mucosa highlighted the distribution of basal 
and parabasal cells in the normal epithelium of the oral 

Figure 2. Microscopic features of SLT-induced leukoplakia. Lang-
erhans star-shaped cells presented immunoreaction for S-100 and 
were homogeneously distributed along the squamous layer. The 
immunoreactive cells located exclusively on the basal layer are prob-
ably melanocytes. (S100, A: X10, B: X25). 

Figure 1. Vacuolated cells with a clear cytoplasm and mildly pyk-
notic nuclei on the superficial and squamous layers. (Hematoxylen 
& Eosina, x25). 

Figure 3. Microscopic features of SLT-induced leukoplakia. Star-
shaped Langerhans cells presented immunoreaction for CD1a and 
were homogeneously distributed along the squamous and basal lay-
ers. (CD1a, X40). 
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mucosa, characterized by homogeneous distribution 
when juxtaposed with the basal membrane. However, 
some occasional basal and parabasal cells were not im-
munolabeled. 

The distribution of basal and parabasal cells in the 
epithelium of SLT-induced leukoplakia lesions immuno-
labeled by p63 was similar to that observed on the nor-
mal mucosa, i.e. it was characterized by homogeneous 
distribution close to the basal membrane (Figure 5). 

In each specimen analyzed, the Langerhans cells 
were counted on 20 randomly selected fields in the linear 
direction of the lining epithelium, at 40x magnification. 
The mean number of these cells was statistically analyzed 
by the Student’s t-test for each immune marker, S-100 
and CD1a, at a significance level of 5%. The means and 
standard deviations obtained for each immune marker 
are presented in Table 1. 

There was a significant difference in the number of 
cells immunolabeled by CD1a in the normal mucosa 

and SLT-induced leukoplakia lesions (p<0.001). Simi-
larly, there was a significant difference between the num-
ber of cells immunolabeled by S-100 in the normal mu-
cosa and in SLT-induced leukoplakia lesions (p<0.001).
In order to evaluate the higher specificity of cell labeling 
presented by CD1a, compared to the protein S-100, the 
Pearson test and the paired Student’s t-test at a signifi-
cance level of 5% were applied. There was a high correla-

tion between the expression of CD1a and S-100 (0.78); 
however, a significant difference was observed between 
their expressions (p<0.001). The means and 10 standard 
deviations obtained for each immune marker are dem-
onstrated in Table 2. 

Figure 4. Microscopic features of SLT-induced leukoplakia. Immu-
noreaction for Ki-67 observed was more evident in parabasal cells, 
while cells in the basal layer were occasionally immunoreactive. (Ki-
67, X10). 

Figure 5. Microscopic features of SLT-induced leukoplakia. Immu-
noreaction for p63 was widely observed in the basal and parabasal 
cells of the oral mucosa, characterized by homogeneous distribu-
tion juxtaposed to the basal membrane. (p63, X10). 

Mean ± SD

Controls SLT-induced lesion P value

S100 3.8 (± 0.9) 5.0 (± 0.7) p<0.001

CD1a 4.5 (± 1.0) 6,1 (± 1,1) p<0.001

Ki-67 33.3 (± 3.4) 44.8 (± 3.4) p=0.000

p63 68.4 (± 7.2) 81.7 (± 6.4) p=0.000

Table 1. Means and standard deviations control group and SLT-induced lesion.

Proteins Mean ± SD P value

CD1a 5.3 (±1.3)
p<0.001

S-100 4.4 (±1.0)

Table 2. Means and standard deviations CD1a and S-100
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The quantification of cells expressing the markers 
Ki67 and p63 was also assessed on 20 randomly selected 
fields in the linear direction of the lining epithelium, at 
40x magnification. The mean number of immunola-
beled cells was then submitted to statistical analysis by 
the Student’s t-test for each immune marker, Ki67 e p63, 
at a significance level of 5%. The means and standard de-
viations obtained for each immune marker are presented 
in Table I.  The Student’s t-test revealed a significant dif-
ference in the number of cells immunolabeled by Ki67 
and p63 between the normal mucosa and SLT-induced 
leukoplakia lesions (p<0.001).

Discussion

The results of this study showed a significant in-
crease in the number and concentration of Langerhans 
cells in leukoplakia lesions of chronic SLT users.  

Initially, the immunolabeling of Langerhans cells 
was planned with polyclonal antibodies to protein 
S-100. The S-100 represents a multigenic family of pro-
teins binding to the Ca2+ of low molecular weight and 
with 19 members expressed in a wide spectrum of cell 
types. Members of the S-100 family are associated with 
Ca2+-dependent regulation in a variety of intracellular 
activities, such as phosphorylation of proteins, cell pro-
liferation and differentiation, including neoplastic trans-
formation [15]. The protein S-100 has been identified in 
many cell types, such as Schwann cells, chondrocytes, 
Langerhans cells and other cells of neural origin. The 
expression of this protein was also observed in several 
types of neoplasias, especially of neural origin, salivary 
gland neoplasias, granular cell neoplasias, muscular neo-
plasias, chondrosarcomas, in nearly 95% of melanomas, 
and also in Langerhans cells found in the Langerhans 
cell disease [16,17]. 

Since 1991, El-Hakim et al. have proposed that 
some products of arachidonic acid cascade are involved 
in the development and growth of oral cancer. Lipid 
peroxidation products can be released, for example, as 
a consequence of inflammatory reactions of leukocytes 

or macrophages directed against tumor development. 
These products may interact directly with DNA and 
may mediate oxidative DNA damage. Lipid peroxida-
tion products arising from the cyclooxygenase or the 
lipoxygenase pathways may be involved in the processes 
of tumor metastasis or tumor promotion [18]. In 1992, 
Arenberger et al. also presented the hypothesis that li-
poxygenase products are chemotactic for LC [19]. Two 
years later, Metzger et al. noted that the concentration 
of the main lipoxygenase product, 12-HETE, is twice as 
high in saliva of patients with squamous cell carcinoma, 
when compared to healthy control [20].  

When Ahmed et al. (2007) evaluated the variation 
in the number and localization of CD1a-positive Lang-
erhans cells, they found that the number and pattern of 
distribution were different in chronic hyperplastic can-
didiasis, leukoplakia, and healthy control tissue study 
groups [21]. The results of this study showed a higher 
number of LC in leukoplakia lesions with dysplasia. 

These observations continued in subsequent years. 
Wenghoufer et al. (2010) analyzed the leukoplakia of 
the oral mucosa by gene expression of a subset of genes 
involved in inflammation and they confirmed the pres-
ence of Cox-1 and Cox-2 in leukoplakia lesions [22]. 

Therefore, these findings suggest that the lipoxy-
genase products released during the inflammatory pro-
cess caused by TSF may stimulate the proliferation of 
Langerhans cells [20].

In this study, there was a statistically significant dif-
ference in the expression of CD1a and S-100 antibodies 
in Langerhans cells between the specimens of normal 
mucosa and specimens of SLT-induced leukoplakia le-
sions. The present results also confirm the findings of 
Shklar et al. (1985), who observed an increase in the 
Langerhans cells in leukoplakia lesions and attributed 
this increase as an attempt at epithelial protection against 
the substances present in SLT. 

However, the present data disagree with the report 
of Daniels et al. (1992), who observed a reduction in 
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the number of Langerhans cells in SLT-induced lesions. 
These authors believed that this reduction is a result of 
changes caused by ST, and is one factor in the long-term 
pathogenesis of ST-associated oral carcinoma [11]. Ben-
harroch et al. (2010) investigated the implications of 
LC excess in lymphomas and concluded that an excess 
of LC in Hodgkin lymphoma patients is not correlated 
with a worse outcome [23]. 

It is interesting to note that the literature shows sig-
nificant expression in the number of LC in lesions classi-
fied as malignant lesions. In 1999, Sokolova et al. present-
ed a rare case of a tumor arising from Langerhans cells in 
the tongue and neck area in a 37-year-old man [24]. In 
this case, despite the electron microscopy that identified 
granules of Langerhans, no expression of protein S-100 
was found. The antigen Ki-67 is present in normal and 
proliferating tumor cells and may be used as a marker to 
determine the growth fraction of a cell population. Thus, 
antibodies against the protein Ki-67 have been used as 
diagnostic tools for the different types of neoplasias and 
preneoplastic lesions [25]. 

The protein p63 has been detected in several nor-
mal human tissues, in proliferating cells and also as a 
marker of stem cell keratinocytes. In the normal and 
hyperplastic epithelia, the nuclear labeling is strong and 
may be observed on the basal and suprabasal layers [26]. 
The increased expression of p63 in epithelial tumors of 
the head and neck suggests that it may play a role in the 
oncogenesis of these tumors [27, 28].  

There was a statistically significant increase in the 
expression of Ki67 and p63 in SLT-induced leukoplakia 
lesions, compared to normal mucosa. The distribution 
and intensity of labeling were similar in the normal oral 
mucosa and in SLT-induced leukoplakia lesions. These 
findings may be considered in the context of a hyperplas-
tic epithelium with intensive parakeratinization, which 
indicate an adaptation of oral mucosa cells to constant 
aggression, either physical or chemical. For Arredondo 
et al. (2001), nicotine and its byproducts can alter the 
normal balance of cell growth and differentiation, which 
accelerates squamatization and increases the risk for ma-
lignant transformation [29]. Possibly, the increased epi-

thelial desquamation with a consequent increase in the 
rate of cell proliferation can explain a larger number of 
cells immunolabeled by Ki-67 and p63 observed in SLT-
induced leukoplakia lesions. Nevertheless, the absence 
of dysplastic alterations did not allow us to suggest that 
SLT-induced leukoplakias have a higher potential of de-
veloping into pre-cancerous lesions and oral malignancy 
than other leukoplakias.

 For Merne et al. (2002), keratinization and thick-
ening of the epithelium have been regarded as a protec-
tive response, helping to impede the delivery of tobacco 
constituents to the cell and the nucleus [30]. However, 
the direct application of SLT on the mucosa promotes 
a local attrition of the tissue and allows a direct release of 
chemical products and byproducts present in SLT into 
the oral environment, which gradually reaches the con-
nective tissue and consequently the blood circulation. 
These two types of aggression to the oral epithelium are 
probably responsible for the hyperplasia and intensive 
hyperkeratinization. 

Two other morphological aspects that indicate ag-
gression to the epithelium may be the intense vacuoliza-
tion observed in epithelial cells on the superficial lay-
ers and the large number of cells with pyknotic nuclei. 
The cytoplasmic vacuolization has been regarded as a 
degenerative response of the epithelia to high alkalinity 
of the SLT products [31]. Alkalinity is used to enhance 
nicotine delivery, but it also maximizes the toxic effects 
of SLT products [32]. Pyknosis, in turn, occurs in an 
unspecific manner in the presence of cell aggression and 
represents chromatin condensation [33].  

Despite the frequent and long period of use among 
SLT users, as characterized in the present sample, there 
was probably an insufficient amount of time for the SLT 
byproducts to act on the oral mucosa and promote sig-
nificant alterations in the pattern of cell proliferation, 
which could morphologically result in epithelial dyspla-
sia. Another possible explanation may be the very young 
age range of the users, which would imply insufficient 
time for the occurrence of failures in antigenic recogni-
tion or in the mechanism of cell control to allow for the 
disorganized proliferation of altered cells, which would 
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thus be destructed by apoptosis or by the extracellular 
control mechanisms, such as the action of natural killer 
(NK) cells [33]. 

The leukoplakia lesions in chronic SLT users dem-
onstrated a significant increase in the number and con-
centration of Langerhans cells and absence of epithelial 
dysplasia. Therefore, it may be suggested that there is an 
adaptive response of the peripheral immune system to 
the functional demand increased by the greater penetra-
tion of antigens through the oral mucosa. The increased 
epithelial desquamation with a consequent increase in 
the rate of cell proliferation, possibly induced by nico-
tine and its byproducts, explain the increased number 
of cells immunolabeled by Ki-67 and p63 observed in 
SLT-induced leukoplakia lesions. Similarly, considering 
the results of this study and the results of the scientific 
literature reviewed, it is clear that there is a direct relation-
ship between the number of Langerhans cells present 
and the current stage of the injury. Thus, it is also possible 
to suggest that the increase in the number of these cells 
represents the initial stage of leukoplakia. These findings 
emphasize the necessity to understand these relation-
ships in order to promote the development of preven-
tion strategies.
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