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Mast cells (MCs) expressing serine proteases; tryptase and chymase, are associated with fibrosis in various diseases.
However, little is known about their involvement in oral submucous fibrosis (OSF). Our goal was to evaluate the role of MC
tryptase and chymase in the pathogenesis of OSF and its malignant transformation. Immunohistochemical expression of MC
tryptase and chymase was evaluated in 20 cases of OSF, 10 cases of oral squamous cell carcinoma (OSCC) and 10 cases of
healthy controls. Subepithelial zone of Stage 1 and 2 while deep zone of Stage 3 and 4 OSF demonstrated increased
tryptase positive MCs. OSCC revealed a proportionate increase in tryptase and chymase positive MCs irrespective of areas of
distribution. An altered balance in the subepithelial and deep distribution of tryptase and chymase positive MCs play an
important role in the pathogenesis of OSF and its malignant transformation.
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Introduction

Oral submucous fibrosis (OSF) is a chronic progressive,
areca nut chewing habit related, precancerous condition of the
oral mucosa predominantly affecting Indians and South
Asians. It is clinically characterized by burning sensation of
the oral mucosa accompanied by pallor and progressive,
irreversible fibrosis leading to difficulty in opening mouth,
speech and swallowing [1]. Characteristic histopathologic
features of this disease include epithelial atrophy with loss of
rete ridges, reduced vascularity, chronic inflammatory infil-
trate and hyalinization of the submucosal tissue. The patho-
genic mechanism in OSF begins primarily in the connective
tissue and epithelial response secondarily. The characteristic
fibro-elastic changes observed in the connective tissue are
almost entirely due to abnormal accumulation of collagen.
OSF is thus regarded as a collagen related disorder induced by
betel nut/betel quid chewing habit often resulting in an overall
increased production of collagen with decreased collagen
degradation [2].

In normal wound healing fibroblasts are transiently activat-
ed into myofibroblast, a particular type of fibroblast to
proliferate and deposit the collagen [3]. OSF is similar to a
wound where continuous signals for tissue repair are emitted.
These continuous signals can lead to abnormal production of
cytokines and growth factors, resulting in chronic, sustained
long term myofibroblast activation leading to fibrosis. Re-
search has shown that fibrosis in OSF is a continuous, scarring
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process in which the myofibroblast plays an essential role [4].
However, the dynamics of extra cellular matrix remodeling
with OSF is largely unknown, since the origin of fibroblast
activation in OSF is debated. Chronic inflammatory conditions
can evolve a fibrotic phenotype often associated with an
increase in the number of MCs, which are the local residents of
connective tissue. Several lines of evidence suggest that MC
when activated, secrete a large number of fibrogenic factors
and have been implicated in the development of various
fibrotic conditions affecting the lungs [5], [6], [7], liver [8],
[9], skin [10], [11], and kidney [12]. Despite the potential of
MCs to mediate fibrosis, limited attention has been given to
the role of MCs in OSF. There have been a few studies
assessing MC density in OSF using Toluidine blue stain [13],
[14], [15], [16], [17], [18] and C-kit [19], which have yielded
controversial results. MCs produce and store various profi-
brotic cytokines including transforming growth factor-f
(TGFP) [20], fibroblast growth factor (FGF), platelet derived
growth factor (PDGF), interleukin 1 and 6 (IL-1 & IL-6), and
tumor necrosis factor—o (TNF-o) [21]. The significance of
these profibrotic cytokines in OSF has been studied extensively
in the literature [22], [23], [24], [25].

Human MCs also contain two types of serine protease,
tryptase and chymase. Tryptase is a trypsin-like enzyme, and
chymase is a chymotrypsin-like enzyme. According to their
protease content, human MCs are divided into two pheno-
types: Mast cell secreting both tryptase and chymase are
termed MCyq, while mast cell secreting only tryptase are
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Figure 1. Clinical picture. A, Healthy control. B, Stage 1 OSF: Blanched palatal mucosa with vesicle. C, Stage 2 OSF: Blanched buccal mucosa. D,
Stage 3 OSF: Hockey stick uvula. E, Stage 4 OSF: Blanched labial mucosa with vesicle. F, OSCC: Carcinoma of the left labial mucosa.

doi:10.1371/journal.pone.0098719.g001

termed MCrt. Both MCr and MCrr phenotypes are present in
all human tissues. However, the ratio is different in each
anatomical site: while MCy¢ predominates in the skin, heart,
synovial and small intestinal submucosa, MCr predominates in
the lungs and the small intestinal mucosa [26]. MC tryptase
and chymase, the most abundant profibrotic cytokines of
human MC have been studied in various fibrotic disorders [5],
[8], [10], [12], however, their role in OSF has not been
reported so far in the literature.

It is already known that neoangiogenesis is required for the
growth and spread of tumor [27], [28]. Increased angiogenesis has
been associated with neoplastic progression, metastasis and
outcome in several studies in numbers of malignancies [29],
[30], [31], [32]. Current literature suggests the probable role of
MCs in tumor angiogenesis, thereby favoring the tumor progres-
sion [33], [34]. However, the contribution of proangogenic
cytokines namely MC tryptase and chymase during the malignant
transformation of OSF is not clear yet.
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The present study was undertaken to quantify and characterize
the distribution of MC subpopulation in OSF, thereby evaluating
the potential role of MC tryptase and chymase in the pathogenesis
of OSF & its malignant transformation.

Materials and Methods

Human Tissue Specimen Collection

The study protocol was approved by the Institutional
Review Board and the Local Ethics Committee of Nair
Hospital Dental College and was in compliance with ethical
standards of the Declaration of Helsinki. Written informed
consents were obtained from all the study participants. Twenty
(n=20) previously untreated cases of OSF and ten (n=10)
cases of OSCC with no history of OSF, diagnosed on clinical
grounds and confirmed histologically were randomly selected
to form the study groups. Ten (n=10) age and sex matched
healthy volunteers without habits were included in the control
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Figure 2. Hematoxylin & eosin stained section. A, Healthy control. B, Stage1 OSF. C, Stage 2 OSF. D, Stage 3 OSF. E. Stage 4 OSF. F, OSCC.

doi:10.1371/journal.pone.0098719.g002

group. Patients with mouth opening of more than 40 mm were
considered as normal for healthy controls The staging of the
disease was performed based upon the degree of mouth
opening, Stage l: mouth opening between 35 and 40 mm;
Stage 2: mouth opening between 30 and 34 mm; Stage 3:
mouth opening between 20 and 29 mm and Stage 4: mouth
opening of less than 20 mm (Figure. 1).

Punch biopsies (5 mm) were performed on OSF patients and
control subjects from identical oral site (right buccal mucosa),
whereas for OSCC study group the formalin fixed paraffin
blocks were retrieved from the department archives and
stained with hematoxylin-eosin for histological examination
(Figure. 2)

Immunohistochemistry

Four-um-thick formalin fixed paraffin embedded tissue
sections were deparafinized in xylene and rehydrated through
decreasing graded ethanol solution. Endogenous peroxidase
activity was suppressed by incubation for 10 min with 3%
hydrogen peroxidase (Dako). The primary monoclonal anti-
bodies used for MC were anti-MC tryptase (Dako) and anti-
MC chymase (Abcam). Staining was done at room temperature
on automatic staining work station (Dako Autostainer Plus)
using the Dako Envision Flex Plus Visualization System
(Dako). Counterstaining with hematoxylin was the final step.
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Normal skin sections were used as positive controls and a
negative control was performed in all cases by omitting the
primary antibody.

Immunohistochemical evaluation of MC tryptase and

chymase

Tryptase and chymase positive MCs were counted sepa-
rately in serial sections of healthy controls, OSF and OSCC
using Carl Zeiss, Axiolab microscope. Cytoplasm showing
brown colour was considered positive immunoreactivity. MCs
were counted in two areas of immunostained sections, namely
subepithelial and deep. MC density was assessed in areas
showing the highest concentration of tryptase and chymase
positive MC (hot spots) as determine by an initial scan at 100X
magnification (10X objective and 10X Ocular lens). MCs were
then counted from 5 different fields at 400X magnification
using an ocular grid of 12.5x12.5 mm size divided into 100
blocks.

Statistical analysis

Statistical analysis was performed using the SPSS software
for Windows S version 16.0 (SPSS Inc., Chicago, IL, USA).
The statistical analysis was carried out using Kruskal-Wallis
test to compare mean values (cases, within cases and controls)
and Mann Whitney U test for individual mean values. For all
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Mean DC

16.8
7.8
52
2.6

MeanSeC

13.6
13

12.6
16.6

Mean DT

1
13.8
19.2
16.4

Mean SeT

10.6
12.2
18.2
144

Study groups

0sccC
0scC
0sccC
0scC

MO (mm)

47
45
48
44

Sex
M
M
M
M

Age
55
50
47
62

Table 1. Cont.
Sr No

36

37

38

39

20.8

22

19

348

0scC

49

59

40

M, male; F, female; SeT, subepithelial tryptase; DT, deep tryptase; SeC, subepithelial chymase; DC, deep chymase; OSF, oral submucous fibrosis; OSCC, oral squamous cell carcinoma.

doi:10.1371/journal.pone.0098719.t001

PLOS ONE | www.plosone.org

Mast Cell Tryptase and Chymase in OSMF

tests, p-values <<0.05 were considered to be statistically
significant.

Results

The present study consisted of 20 OSF, 10 OSCC and 10
healthy controls. There were 5 cases in each stage of OSF
(Stage 1 to Stage 4). The patients with OSF were in age group
of 18 to 75 years, with the mean age being 33.9 years with a
marked male predominance (male to female ratio of 13:7)
(Table 1) There are two populations of mast cells, those
containing only tryptase (MCry) and those containing both
tryptase and chymase (MCc), only chymase containing MCs
are extremely rare, therefore all MCs contain tryptase [21],
[35]. Tryptase positive MCs represented total MCs, while the
number of chymase positive MCs can be considered equal to
number of MCr¢. To determine MC subpopulations (MCr,
MCrq) in healthy controls, OSF and OSCC, the formula:
Total MCs =MC1+MCy¢ was used as previously described
[36]. In all tissues examined, the predominant MC population
was positive for both tryptase and chymase. (Table 2).

Subepithelial and deep distribution of tryptase positive
MCs and chymase positive MCs between healthy
controls, OSF and OSCC group

We found a statistically significant increase in the number of
subepithelial as well as deeper distribution of tryptase positive MCs
in OSCC group when compared to OSF group (p<<0.05).
Subepithelial and deeper distribution of tryptase positive MCs in
OSF group demonstrated no statistical significance when com-
pared to healthy controls. From our results, it can be compre-
hended that OSCC group has significantly more number of
tryptase positive MCs as compared to OSF group irrespective of
the area of distribution (Figure. 3).

We observed a statistically significant increase in the number
of subepithelial distribution of chymase positive MCs in OSCC
group when compared to healthy controls and OSF group (p<
0.05). Conversely, a statistically significant decrease in the
number of subepithelial distribution of chymase positive MCs
in OSF group was noted when compared to healthy controls
(p<<0.05). Hence, it can be concluded that OSF has the least
number of chymase positive MCs subepithelially. We recorded
a statistically significant decrease in the number of deep
distribution of chymase positive MCs in the OSF group when
compared to healthy controls and OSCC group (p<<0.05)
(Figure. 4).

Subepithelial distribution of tryptase positive MCs in
healthy controls, different stages of OSF and OSCC group
(Figure. 5.)

Stage I OSF showed a statistically significant increase in the
number of tryptase positive MCs subepithelially as compared to

other stages of OSF, however, no significant difference was noted
between stage 2, 3 and 4 OSF (Figure. 6).

Deep distribution of tryptase positive MCs in healthy
controls, different stages of OSF and OSCC group
(Figure. 7)

Deeper distribution of tryptase positive MCs was greater in
healthy controls, OSCC group and advanced stages of OSF (Stage
3 and Stage 4) as compared to early stages of OSF (Stage 1 and
stage 2) (Figure. 6).
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Table 2. Subepithelial and deep distribution of mean MC; and MCyc counts in the healthy controls, OSF and OSCC.

TMC MCyc MCy
Subepithelial
Healthy controls 11.68 9.78 1.9
OSF 8.10 4.98 3.12
0SCC 15.66 13.60 2.06
Deep
Healthy controls 6.52 6.16 0.36
OSF 5.68 3.68 2.00
0scC 13.72 12.18 1.54

doi:10.1371/journal.pone.0098719.t002

Subepithelial distribution of chymase positive MCs in
healthy controls, different stages of OSF and OSCC group
(Figure. 8)

No statistically significant difference for the subepithelial
distribution of chymase positive MCs was observed among
different stages of OSF. A statistically significant increase in the
number of subepithelial distribution of chymase positive MCs was
noted in the OSCC group when compared to all the stages of
OSF. Conversely, barring Stage 1 OSF, all stages of OSF showed
a statistically decrease in the subepithelial distribution of chymase
positive MCs when compared to healthy controls (Figure. 9).

Deep distribution of chymase positive MCs in healthy
controls, different stages of OSF and OSCC group
(Figure. 10)

A statistically significant decrease in the deeper distribution
of chymase positive MCs was observed in all the stages of OSF
when compared to healthy controls & OSCC group. OSCC
group showed a statistically significant increase in chymase
positive MCs in deeper areas when compared to healthy
controls. However no statistically significant correlation was
found for chymase positive MCs in deeper areas among
different stages of OSF. OSCC group showed maximum
number of chymase positive MCs in the deeper region when
compared to all the other study groups (Figure. 9).

18 @ Subepithelial Tryptase
16 @ Deep Tryptase

14 -
12

10

8 1 15.66

6 11.68]

0 T e
Healthy Control OSF (Stage 1t0 4) 0scC

Figure 3. Mean value comparison of subepithelial and deep
tryptase positive mast cells in healthy controls, OSF, and
OSscCcC.

doi:10.1371/journal.pone.0098719.g003
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TMC, total mast cells; MCrc, tryptase and chymase positive mast cells; MCy, tryptase positive mast cells.

Discussion

OSF is a chronic, inflammatory, premalignant fibrotic condition
characterized by excessive deposition of collagen in the submu-
cosa, leading to restricted mouth opening [19]. MC activation is a
characteristic feature of chronic inflammation that may lead to
fibrosis as a result of increased collagen synthesis by fibroblasts
[37]. To the best of our knowledge this is the first study to
emphasize the possible role of MC tryptase and chymase in OSF
and its malignant transformation.

The enzyme profile of MCs in oral tissues resembles that of skin,
with most MCs expressing the serine proteases, tryptase and
chymase [38], [39]. Total MC distribution was higher in
subepithelial region than the deeper connective tissue in all the
study groups which was in accordance with other findings in
literature [40]. From our results, it can be comprehended that
OSF group showed the least while OSCC group showed the
maximum number of tryptase positive MCs and chymase positive
MCs irrespective of the area of distribution amongst the study
groups. Thus, our findings support the idea of the possible role of
MC tryptase and chymase in the pathogenesis of OSF and their
role in upregulation of tumor angiogenesis during its malignant
transformation.

Role of MC tryptase and chymase in OSF

The fibrogenic cytokines influencing the fibrotic process are
shown to play an important role in regulating fibroblast function,
such as proliferation, migration, matrix synthesis and is likely to

16
O Subepithelial chymase

14 @ Deep Chymase
12 4

10

9.78

Healthy Controls OSF(Stagel to 4) 0scC

Figure 4. Mean value comparison of subepithelial and deep
chymase positive mast cells in healthy controls, OSF, and
OScCC.

doi:10.1371/journal.pone.0098719.9g004
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Figure 5. Subepithelial distribution of tryptase positive mast cells. A, Healthy control;. B, Stage 1 OSF. C, Stage 2 OSF. D, Stage 3 OSF. E,
Stage 4 OSF. F, OSCC.
doi:10.1371/journal.pone.0098719.g005

play a key role in regulating the initiation and progression of = MGCs than chymase positive MCs in the early stages of OSF
scarring in any fibrotic disease. The present study demonstrated a against the increased distribution of tryptase positive MCs than
significantly higher subepithelial distribution of tryptase positive chymase positive MCs in deeper zones of the advanced stages of

18 -
16 -
14 -
12 -
10 -

@ Sub-epithelial Tryptase
W Deep Tryptase

8
6
4 -
2
0 -

Healthy ~ Stagel Stage 2 Stage 3 Stage 4 0scc
Control

Figure 6. Mean value comparison of subepithelial and deep tryptase positive mast cells in healthy controls, different stages of OSF,
and OSCC.
doi:10.1371/journal.pone.0098719.g006
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Figure 7. Deep distribution of tryptase positive mast cells. A, Healthy control. B, Stage 1 OSF. C, Stage 2 OSF. D, Stage 3 OSF. E, Stage 4 OSF.

F, OSCC.
doi:10.1371/journal.pone.0098719.g007

OSF, which was in accordance with other findings in the literature
[13], [14], [15], [16], [17], [18], [19]. This trend of initial increase
in number of MC in stage I OSF followed by subsequent decrease
in number of MC in later stages of OSF could be attributed to the
initial inflammatory response of oral mucosa to the exogenous
irritants and carcinogens like areca nut and tobacco. Subsequent-
ly, healing response in the form of fibrosis may be responsible for
the decrease in total MC in Stage 2, 3 and 4 OSF.

MC tryptase is a major protease & produces mitogenic effects
on various types of cultured cells such as smooth muscles and
bronchial epithelial cells. Tryptase has in turn been described to
activate TGF-f and collagenase, induce C3a and collagen mRNA,
cleave type IV collagen, fibronectin, elastase, and proteoglycans,
and induce fibroblast proliferation [41]. Tryptase has also been
described to induce fibroblast procollagen mRNA upregulation.
Studies have revealed that tryptase is a strong mitogen in its own
right, but it synergizes its action with more traditional growth
factors such as PDGF & FGF. Other investigators have shown that
tryptase stimulates fibroblast chemotaxis and production of
collagen [42], [43], however, the mechanism of the signaling
event that mediates the fibrogenic effects of tryptase remains
unclear.

A statistically significant decrease in subepithelial & deep
distribution of chymase positive mast cells in all the stages of
OSF (except in stage 1 OSF subepithelial distribution) in

PLOS ONE | www.plosone.org

comparison to healthy controls and OSCC group made us to
propose the possible role of MC chymase in the pathogenesis of
OSF and its malignant transformation. Chymase can activate
collagenase and stromelysin, destruct vitronectin and fibronectin,
and induce fibroblast proliferation, suggesting an important role of
this mast-cell-specific protease in tissue matrix turnover and
renewal. Chymase has been shown to degrade the extra-cellular
matrix (ECM) and basement membrane components, digest
specific neuropeptides, and convert pro-IL-1B to its active
molecule. Furthermore, it can cleave soluble stem cell factor
(SCF) from its membrane form [44] and may thus contribute to
the influx of MC precursors and to their in situ differentiation.
Recent in-vitro studies have shown that MCs chymase also plays
an important role in fibrosis [26]. Kofford et al [45] have reported
that human chymase cleaves type I precollagen to form collagen
fibrils in vitro. In addition, it has been reported that angiotensin II
stimulates fibroblast proliferation through the activation of TGF—
B1 [46]. Normally, several protease inhibitors within the
connective tissue ensure tissue homeostasis by inhibiting excessive
activities of chymase in the immediate MC environment. Such
natural inhibitors are not known for MC-specific tryptase which is
less active than chymase in connective tissue remodelling and
fibroblast proliferation, resulting in shorter active life of chymase
after secretion, thereby MC-derived tryptase can be considered as

May 2014 | Volume 9 | Issue 5 | 98719
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Figure 8. Subepithelial distribution of chymase positive mast cells. A, Healthy control. B, Stage 1 OSF. C, Stage 2 OSF. D, Stage 3 OSF. E,
Stage 4 OSF. F, OSCC.
doi:10.1371/journal.pone.0098719.g008

the main mediator stimulating fibroblast proliferation in the event upregulation has been studied extensively in OSF. Thus, we
of fibrosis [37]. suggest that a combination of tryptase and chymase along with the
MCs are a major source of other pro-fibrotic cytokines like various fibrogenic cytokines seems to be an important factor in the

bFGF [15], TGF-B [20], [22], [23], IL-6 [47], and their  development of OSF (Figure. 11).

16 -
DSubepithelial Chymase
14 1 @ Deep Chymase

12

10

98

47

Healthy  Stage 1 Stage2 Stage 3 Stage 4 0scC
Control

Figure 9. Mean value comparison of subepithelial and deep tryptase positive mast cells in healthy controls, different stages of OSF,
and OSCC.
doi:10.1371/journal.pone.0098719.g009
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Figure 10. Deep distribution of distribution of chymase positive mast cells. A, Healthy control. B, Stage 1 OSF. C, Stage 2 OSF. D, Stage 3

OSF. E, Stage 4 OSF. F, OSCC.
doi:10.1371/journal.pone.0098719.g010

From the above results it can be inferred that there is an altered
balance in the subepithelial and deep distribution of tryptase
positive MCs and chymase positive MCs as it progresses from
healthy controls to OSF, thereby playing an important role in the
pathogenesis of OSF. From the present study it can also be
deduced that fibrosis in OSIF may be initiating in the subepithelial
zone in early stages of OSF (Stage 1 and stage 2) and gradually
progressing towards the deeper muscle layer in advanced stages of
OSF (Stage 3 and Stage 4). We observed a greater number of MCs
in the muscle bundles of advanced stages than early stages of OSF.
Based on our findings we assume that process of fibrosis in OSF
remains uninterrupted since activated resident MCs continue to
secrete fibrogenic & angiogenic cytokines even after the cessation
of the areca nut chewing habit, resulting in irrevocable fibrosis.

Role of MC tryptase and chymase in tumour progression

The pathogenesis of OSF and circumstances leading to its
proven pre-cancerous outcome have always aroused curiosity but
remained enigmatic till date. Fibroblast density and activation are
increased in physiological responses, such as wound healing, and
in disease states, such as fibrotic disorders and carcinogenesis [48],
[49], [50], [51]. During epithelial carcinogenesis, fibroblasts have
paracrine and autocrine interactions with resident and immune
cells that include keratinocytes and MCs [52], [53], [54].
Fibroblasts can stimulate keratinocyte migration, proliferation,

PLOS ONE | www.plosone.org

10

and malignant transformation [55], [56]. MCs and transformed
epithelial cells stimulate fibroblasts to acquire an activated
phenotype that favors tumor progression [56], [57], [58], [59].
Increased fibroblast density has been described previously during
the formation of a reactive stroma in several neoplasia, including
intraoral cancer and skin [49], [51], [57]. In the light of finding of
the present study MC-derived tryptase can be considered as an
mmportant mediator of fibroblast activation and proliferation
during malignant transformation of OSF since we observed a
statistically significant increase in tryptase positive MCs in OSCC
group as compared to other study groups [60].

Tumours require a blood supply for their expansive growth.
Solid tumours, in order to outgrow the size of 2 mm?, demand for
oxygen supply, a fact that makes necessary the formation of new
microvasculature [61]. This progressive angiogenesis is the
outcome of an imbalance between positive and negative angio-
genic factors produced by both tumor and host cells. Among the
host cells, which produce and release in a considerable quantity
pro-angiogenic and angiogenic factors are MCs. The cancer
stimulating mechanisms operated by MCs include participation in
immunosuppression, the release of proangiogenic and mitogenic
factors and involvement in the degradation of the extracellular
matrix. MCs contain many angiogenic factors and a variety of
cytokines, such as histamine, heparin, tryptase, chymase, PDGF,
TNF-a, bFGF, TGF-B, IL-6 and vascular endothelial growth
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factor (VEGYF) [21].Upregulation of the above pro-angiogenic
cytokines in OSF has already been demonstrated in the literature
[22], [23], [24], [25], [62]. The present study demonstrated a
statistically significant increase in subepithelial distribution of
chymase positive MCs in OSCC group when compared to healthy
controls and OSF group. Chymase is known for its ability to
promote extracellular matrix (ECM) degradation and for indirect-
ly stimulating angiogenesis. Chymase activates latent matrix
metalloproteinases (MMPs), including gelatinase B and procolla-
genase, which degrade components of epithelial basement
membranes and ECM, respectively. These responses are essential
for tumor invasion and metastasis [63]. We have already
established the possible role of angiogenesis in malignant
transformation of OSF by demonstrating CD34 positive blood
vessels [63] and VEGF in atrophic epithelium of OSF [62].

As we have observed a significant increase in the tryptase and
chymase positive MCs in OSCC group irrespective of the areas
of distribution when compared to OSF group, it suggests that
upregulation of MCs may play a crucial role in tumour
progression during malignant transformation of atrophic
epithelium in OSF (Figure.7.). A similar increase in the number
of MC tryptase, a potent proangiogenic factor has been
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documented in various malignancies including oral cancers
[26], [33], [64]. Hence, we would like to state that the event of
fibrosis in the early OSF is probably a protective mechanism
manifested in the form of excessive collagen deposition,
primarily initiated in the connective tissue of the oral mucosa
in order to prevent the deeper penetration of carcinogenic
substances, while malignant transformation in the advanced
OSF is entirely a different issue principally affecting the atrophic
epithelium of OSF if the carcinogenic insult persists.

As part of the process of oral mucosal carcinogenesis in OSF,
the connective tissue adjacent to the epithelium gets affected by
the topically applied chemical carcinogen and plays a directive
role, not yet understood, in the epithelial changes observed. It
appears likely that extracellular matrix molecules, growth factors,
angiogenic cytokines and proteinases co-operate in influencing
epithelium via an autocrine proliferative effect on the atrophic
epithelium, while paracrine stimulation of the vascular network
may maintain survival and growth [19].

In summary, we present data indicating that MC tryptase and
chymase contribute to the development of OSF and malignant
transformation of the overlying epithelium. Several therapeutic
approaches such as the use of MC stabilizer, blockade of stem cell
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factor or inhibitors of tryptase, chymase and TGF-f have already
demonstrated some clinical utility in tissue fibrosis or inflammatory
diseases, by inhibiting MC activation. Considering the important
role of MC tryptase and chymase in the pathogenesis of OSF,
further studies using either administration of a neutralizing
antibody against tryptase and chymase or application of a MC
tryptase knock-out mouse strategy in experimental models of OSF
are required for more definitive determination of the role of
tryptase and chymase in the development of OSF.
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