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Abstract: Background/purpose: Mast cells (MCs) play a critical role in the pathogenesis of allergic reactions and 
inflammatory conditions through the release of inflammatory mediators. T cell immunoglobulin mucin domain (TIM-
1) has been reported to express in MCs. The aim of the present study was to examine the expression and analyze 
the quantification of TIM-1 on tryptase-positive MCs in different stages of human chronic periodontitis using double-
immunofluorescence staining. Materials and methods: Individuals who participated in this study were divided into 
three groups: healthy control gingivae (n = 27), chronic slight periodontitis (n = 34), and chronic severe periodon-
titis (n = 31). Their gingival specimens were taken and fixed in 10% buffered formalin, stained with hematoxylin 
and eosin (HE) for histopathology, and stained with double-immunofluorescence (DIF) for identification of tryptase-
TIM-1 double-positive MCs in gingival tissues. Results: Compared with healthy controls, the densities (cells/mm2) 
of tryptase-TIM-1 double-positive MCs were significantly increased in both the chronic slight periodontitis (P < 0.05) 
and severe periodontitis groups (P < 0.01). However, compared with the chronic slight periodontitis group, both the 
score of gingival tissue inflammation and the density of tryptase-TIM-1 double-positive MCs in gingival tissue were 
significantly increased in the severe periodontitis groups (P < 0.05). Conclusion: By incorporating HE with double-
immunofluorescence staining in human chronic periodontitis, the significantly increased number of tryptase-TIM-1 
double-positive MCs had the similar tendency as the severity of periodontitis inflammation. Based on our results, we 
suggest that tryptase-TIM-1 double-positive MCs may play an important role in human chronic periodontitis.
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Introduction

Periodontitis is a complex chronic inflammatory 
disease that results from interactions between 
specific subgingival biofilm and the susceptible 
hosts, defined by loss of periodontal ligament 
and alveolar bone, and eventually leads to loss 
of teeth [1]. A subset of endogenous gram-neg-
ative periodontal bacteria, including Tannerella 
forsythia (Tf), Porphyromonas gingivalis (Pg) 
and Treponema denticola (Td) have been widely 
considered as major periodontal pathogens 
[2-4]. These microbes possess numerous po- 
tent inflammatory mediators such as lipopoly-
saccharides, antigens, and other virulence fac-
tors aimed at neutralizing local host defenses 
and destroying periodontal tissues, finally lead-
ing to alveolar bone resorption and tooth loss 
[5, 6]. Numerous cytokines have been impli- 
cated as mediators of bone resorption in the  
context of periodontitis, where inflammation-

induced bone destruction is a major mani- 
festation [7, 8]. However, studies indicate that 
both Th1 [interferon-gamma (IFN-γ) and tumor 
necrosis factor (TNF)] and Th2 [interleukin-4 
(IL-4), IL-6, IL-10] cytokines play an important 
role in maintaining alveolar bone homeostasis 
in chronic periodontitis [9].

MCs are essential tissue resident immune cells 
which participate in the early recognition of 
pathogens, are found in most tissues of the 
body, particularly abundant in locations that 
are in close contact with the external environ-
ment, such as skin, airways, and intestines 
[10]. MCs are involved in numerous activities 
ranging from control of the vasculature to tis-
sue injury and repair, allergic inflammation, and 
host defense [11]. In humans, MCs are classi-
fied according to their protease content, with 
the MCT subclass expressing tryptases only and 
the MCTC subclass expressing all types of MC 
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proteases, that is, tryptases, chymases, and 
carboxypeptidase A (MC-CPA) [12]. MCs deriv- 
ed tryptase is a potent chemoattractant for 
neutrophils, stimulates epithelial cell prolifera-
tion, secretion of IL-8 and increases epithelial 
expression of intercellular adhesion molecule-1 
[13]. Within the stimulation from activation of  
T cells, MCs can undergo degranulation results 
in rapidly releasing pre-formed mediators pres-
ent within cytoplasmic granules, including his-
tamine, the proteases tryptase and chymase, 
and pre-formed tumor necrosis factor-α [10]. 
Recently, several studies have focused on the 
role of the immune system in the evolution of 
periodontal disease, indicating that bacterial 
antigens trigger an immunopathology reaction 
and that the innate susceptibility of the pa- 
tient determines the ultimate outcome of peri-
odontal disease process [14]. Among the in- 
flammation cells found in periodontal tissues, 
different numbers of MCs have been detected 
in both healthy and inflamed gingiva, and most-
ly tryptase positive MCs [11, 15]. It has been 
reported, in inflamed and in healing gingiva, 
numbers of MCs have been found to be in- 
creased, and this indicated that MCs may as 
key players in gingival homeostasis that may be 
important in the progression of periodontitis 
[13].

The T cell/transmembrane, immunoglobulin, 
and mucin domain protein (Tim) gene family  
is a relatively newly described group of mole-
cules with a conserved structure [16]. Eviden- 
ces have indicated that this gene family plays  
a critical role in regulating immune responses, 
including allergy, asthma, transplant tolerance, 
autoimmunity, and the response to viral infec-
tions [16, 17]. TIM-1, the first family member, 
was initially identified as the receptor for the 
hepatitis A virus cellular receptor 1 (HAVCR1) 
[18], and subsequently identified as a kidney 
injury molecule (KIM-1) [19]. TIM-1, an impor-
tant susceptibility gene for asthma and allergy, 
is preferentially expressed on Th2 cells and 
functions as a potent costimulatory molecule 
for T-cell activation [20]. TIM-1 also expressed 
on cells of the innate immune system, such as 
MCs, macrophages, and dendritic cells (DCs), 
but its role in responses by these cell types has 
not been firmly established [21]. Although ours 
and others previous studies have shown that 
MCs play an important role in human periodon-
titis [11, 15], so far limited attention has been 

given to the regulation of MCs in periodontal 
diseases. It has been reported that TIM-1 can 
influence MCs function [22]. However, TIM-1 
expression on MCs in human periodontitis has 
not been reported. Therefore, this study was 
designed to quantify the tryptase-TIM-1 double-
positive MCs in human chronic periodontitis 
and analyze their possible role in periodontitis 
progression by using DIF.

Materials and methods

Periodontal tissues

The gingival biopsies were obtained from the 
patients attending the Department of Perio- 
dontology, Liwan Stomatological Teaching Ho- 
spital of Jinan University from July 2010 to 
September 2013. Total 92 gingival tissue spec-
imens were obtained from age 25 to 65, includ-
ing 47 males (age 46 ± 13.4) and 45 females 
(age 46 ± 14.2) without diabetes and other sys-
tem diseases. Periodontitis were diagnosed, 
according to the 1999 American Academy of 
Periodontology classification, by measuring pr- 
obing pocket depth (PD), clinical attachment 
loss (AL) and bleeding on probing (BOP), and  
by radiography examination. There were 34 pa- 
tients with chronic slight periodontitis [gingival 
inflammation, BOP (+), PD of 3-4 mm, AL of ≤ 3 
mm and alveolar bone absorption < one third of 
root]; 31 patients with chronic severe periodon-
titis (PD of > 6 mm, AL of < 5 mm, and alveolar 
bone absorption > two thirds of root); and 27 
clinically periodontal healthy subjects [gingival 
healthy, PD of ≤ 3 mm, BOP (-), and no radio-
graphic evidence of alveolar bone loss]. All sub-
jects in slight and severe periodontitis groups 
had been ruled out the active stage of chronic 
periodontitis. The clinically healthy specimens 
were harvested from teeth extracted for orth-
odontic reasons, general premolars. Specimens 
of slight periodontitis were obtained from pa- 
tients undergoing clinical crown lengthening 
surgery, and the specimens of severe perio- 
dontitis were obtained from tooth extractions 
that had severe clinical attachment loss and 
alveolar bone destruction.

Histological staining and grading

The specimens were fixed in 10% neutral-buff-
ered formaldehyde solution for a minimum of 
48 h before being embedded in paraffin. Se- 
ctions (four-micrometer thick) were cut, mount-
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ed on glass slides, dewaxed, rehydrated, and 
stained using standard methods with haema-
toxylin and eosin (HE) (Sigma-Aldrich), and eval-
uated for inflammatory pathology. The grade of 
pathology inflammatory severity of periodontal 
tissues was semi-quantitatively assessed on a 
scale assigned scores from 0 to 3: 0 = no 
inflammation; 1 = slight inflammation; 2 = mod-
erate inflammation; and 3 = severe inflamma-
tion [23]. The grade of inflammation of 10 spec-
imens was measured blindly by two pathologists 
and the average grade of inflammation was 
calculated. The sections were visualized and 
photographed by a Leica DM2500B micro-
scope (Wetzlar, Germany).

Toluidine-blue (TB) staining 

Toluidine blue staining was used in this study  
to identify MCs in periodontal tissues. 4-μm- 
thick sections were dewaxed, rehydrated, and 
stained with 0.5% toluidine blue (Sigma-Aldrich) 
for 2 h. MCs were identified by deep bluepurple 
staining.

Immunohistochemistry (IHC) staining

Immunohistochemistry was carried out using 
the streptavidin-biotin-peroxidase complex (SA- 
BC) method. Sections (4-μm) were dewaxed 
and rehydrated in distilled water. Heat-induced 
antigen retrieval was carried out in an 800-W 
microwave oven for 30 min. Endogenous per-
oxidase activity was blocked by incubation with 
0.3% hydrogen peroxide in methanol for 10 min 
at 37°C. Non-specific binding as blocked by 
incubation in PBS containing 10% normal goat 
serum and 1% bovine serum albumin (BSA) (pH 
7.4) for 15 min at room temperature. Sections 
were incubated with anti-MC tryptase mouse 
monoclonal antibody (AA1, IgG1; 1 mg/ml, 
1:200 dilution; Abcam, UK) overnight at 4°C. 
Sections incubated with secondary antibodies 
only were used as isotype controls. IHC was 
then detected with a SABC kit and develop- 
ed with diaminobenzidine tetrahydrochloride 
(Zhongshan Goldenbridge Technology, Beijing, 
China). The sections were counterstained with 
hematoxylin followed by light microscopy. Try- 
ptase-positive MCs were identified by dark-
brown staining.

Double-immunofluorescence (DIF) staining

Periodontal tissue sections (4-μm) were de- 
waxed and rehydrated in distilled water. Heat-

induced antigen retrieval was carried out in an 
800-W microwave oven for 30 min. Endogen- 
ous peroxidase activity was blocked by incuba-
tion with 0.3% hydrogen peroxide in methanol 
for 10 min at 37°C. Non-specific binding as 
blocked by incubation in PBS containing 10% 
normal goat serum and 1% bovine serum albu-
min (BSA) (pH 7.4) for 60 min at room tempe- 
rature. Sections were incubated with anti-MC 
tryptase mouse monoclonal antibody (AA1, 
IgG1; 1 mg/ml, 1:200 dilution; Abcam, UK) and 
anti-TIM-1 rabbit polyclonal antibody (200 μg/
ml; 1:100 dilution; Boster, China) together over-
night at 4°C. Slides were then rinsed three 
times with PBS (pH 7.4) and exposed to se- 
condary antibodies, e.g., anti-mouse IgG (H+L), 
F(ab’)2 fragment (Alexa Fluor®488 Conjugate)  
(2 mg/ml, 1:200 dilution; Cell Signalling Tech- 
nology, USA) and anti-rabbit IgG (H+L), F(ab’)2 
fragment (Alexa Fluor®555) (2 mg/ml, 1:200 
dilution; Cell Signalling Technology, USA) togeth-
er for 60 min at room temperature in a dark 
chamber. The slides were washed three times 
with PBS (pH 7.4) for 30 min at room tempera-
ture and mounted by antifade polyvinylpyrrol-
idone mounting medium (Beyotime, China)  
in a dark chamber. Tryptase-positive MCs were 
identified by green fluorescent, while TIM-1-
positive appear red fluorescent which were lo- 
cated in the nucleus or cytoplasm, once trypt-
ase and TIM-1 superimposed in one vision that 
would appear yellow fluorescent. Two patholo-
gists observed the sections by immunofluores-
cence microscopy, counted out tryptase and 
TIM-1 double-positive MCs, and measured the 
area of sections, got the number of cells in the 
each square millimetre (cells/mm2), and record-
ed the average value.

Statistical analysis

All of the periodontal measurements were  
done in a blind fashion on coded specimens, 
and the quantitative measurements were ma- 
de twice. Statistical analysis of the data was 
performed by using SPSS software for wind- 
ows (version17.0, SPSS Inc., Chicago, IL, USA). 
Differences in periodontal histopathological 
examination data between different groups 
were investigated using the Kruskal-Wallis H. 
The densities of tryptase-TIM-1 double-positi- 
ve MCs were analyzed by Nemenyi test. A P 
value of < 0.05 was considered statistically 
significant.
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Results 

Histopathological analysis

The specimens of periodontal tissues from dif-
ferent groups were examined histologically. As 
shown in Figure 1A, no obvious inflammatory 
infiltrate was found in healthy gingival tissues. 
The specimens of slight periodontitis group 
showed a slight inflammatory cell infiltration 
(Figure 1B), while the severe periodontitis 
group presented an intense inflammatory cell 
infiltration (Figure 1C). Semiquantitative analy-
sis of the severity of inflammation of the speci-
mens from different groups was performed. As 
shown in Figure 2, compared with healthy con-
trols, the histological scores of periodontal tis-
sues from both slight periodontitis (P < 0.05) 
and severe periodontitis (P < 0.01) groups were 
significantly higher. In addition, the histological 
score of periodontal tissues from severe peri-

odontitis group was significantly higher than 
that from slight periodontitis group (P < 0.05).

MCs stained with TB and tryptase-positive MCs 
stained with IHC

Stained with toluidine blue, MCs were identi- 
fied in tissue sections from their characteristic 
granular, deep blue-purple metachromatic ap- 
pearance against blue orthochromatic back-
ground tissue. To further confirm the presence 
of tryptase-positive MCs expression on gingival 
tissue, all groups were stained by IHC and trypt-
ase-positive MCs were identified by dark-brown 
staining. As shown in Figure 3, the distribution 
of MCs by TB staining was quite similar to trypt-
ase-positive MCs by IHC staining, and the color-
ation and degranulation by IHC staining were 
much more obvious (P < 0.05). Both only a few 
positively stained MCs and tryptase-positive 
MCs with undegranulation were observed in 
the healthy gingival tissues (Figure 3A), where-
as more MCs and tryptase-positive MCs with 
degranulation were observed in the slight peri-
odontitis group (Figure 3B) and even more MCs 
and tryptase-positive MCs with strong degranu-
lation were observed in the severe periodontitis 
group (Figure 3C). As shown in Figure 4, com-
pared with healthy controls, the histological 
scores of periodontal tissues from both slight 
periodontitis (P < 0.05) and severe periodonti-
tis (P < 0.01) groups were significantly higher. In 
addition, the histological score of periodontal 
tissues from severe periodontitis group was 
significantly higher than that from slight peri-
odontitis group (P < 0.05).

Tryptase-TIM-1 double-positive MCs stained 
with DIF 

As shown in Figures 5-7 tryptase-positive MCs 
(green fluorescent), TIM-1-positive (red fluores-
cent), the nucleus (bule fluorescent), and trypt-

Figure 1. Histology of human gingival tissues. A: Healthy control group, no obvious inflammatory infiltrate was found; 
B: Chronic slight periodontitis group, scattered inflammatory cells infiltration; C: Chronic severe periodontitis group, 
an intense inflammatory cell infiltration. HE staining, original magnification × 200, scale bars = 100 μm.

Figure 2. Histological score analysis of per group. 
Data are represented as mean ± SEM. Significant 
differences between groups are analyzed by Kruskal-
Wallis H and Nemenyi test. *P < 0.05, #P < 0.01 
compared to healthy control; ▲P < 0.05 compared 
to chronic slight periodontitis.
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ase-TIM-1 double-positive MCs (yellow fluores-
cent) were identified by DIF staining. A few 
tryptase-positive MCs (Figure 5A) and trypta- 
se-TIM-1 double-positive MCs (Figure 5C) with 
membrane integrity and did not see obvious 
degranulation were observed in healthy gingi-
val tissues (Figure 6); while more tryptase-pos-
itive MCs (Figure 5D) and tryptase-TIM-1 dou-

ble-positive MCs (Figure 5F) were observed in 
slight periodontitis gingival tissues, and even 
more tryptase-positive MCs (Figure 5G) and 
tryptase-TIM-1 double-positive MCs (Figure 5I) 
with strong degranulation were observed in se- 
vere periodontitis gingival tissues (Figure 7). To 
further confirm the observations, semi-quanti-
tative analysis of tryptase-TIM-1 double-posi-
tive MCs in periodontal tissue sections from 
the three different groups were performed (Fig- 
ure 8). Compared with healthy control group, 
there were significantly higher densities (the 
number of MCs/mm2) of MCs in slight perio- 
dontitis group (P < 0.05) and even significantly 
higher densities of MCs in severe periodontitis 
group (P < 0.01). Furthermore, the MCs den- 
sity of severe periodontitis group was signifi-
cantly higher than that of slight periodontitis 
group (P < 0.05). Negative controls, in which 
the primary antibody was omitted, did not show 
tissue staining (data not shown).

Discussion

There is no doubt that plaque bacteria are nec-
essary to initiate disease and drive the chronic 
inflammatory response in the periodontal tis-
sues and the host inflammatory response are 
responsible for the majority of the hard- and 
soft-tissue breakdown leading to the clinical 
signs of periodontitis. T cells, especially Th1/

Figure 3. Toluidine Blue staining (A-C) and Immunohistochemistry staining (D-F). (a and d) Healthy control group, 
MCs with almost without degranulation; (b and e) Chronic slight periodontitis group, scattered MCs infiltration with 
mild degranulation; (c and f) Chronic severe periodontitis group, an intense MCs infiltration with most disruption 
and obvious degranulation. TB and IHC staining, original magnification × 400, scale bars = 50 μm.

Figure 4. Analyze of the average rate of MCs and 
MCs with degranulation of per group. Data are re-
presented as mean ± SEM. Significant differences 
between groups are analyzed by Tamhane’s T2 test. 
*P < 0.05, #P < 0.01 compared to healthy control; 
▲P < 0.05 compared to chronic slight periodontitis.
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Th2 cells are now believed to be involved in  
the homeostasis of periodontal tissues, modu-
lation of the inflammatory/immune responses 
and mediation of the bone loss observed in 
periodontal disease [24, 25]. Th1/Th2 cells 
paradigm plays an important role in periodon- 
tal disease and Th1/Th2 cytokines expression 
of different proportion in the different period of 
chronic periodontitis [26]. Some scholars pro-
posed that a Th2 cytokine profile was associ-
ated with a stable lesion, while the progressive 
lesion was characterized by the Th1 profile [27]. 
In recent years, various mechanisms such as 
the nature of the antigen, DCs profile, the cyto-
kine milieu in the tissues have all been shown 
to regulate the Th1/Th2 response in periodon-
tal disease [28]. Research shows that Th1 cy- 
tokines is associated with the early process of 
chronic periodontitis while Th2 cytokines is 
associated with the late development lesions 

[24]. At the early process of chronic periodonti-
tis, it has been shown that a strong innate 
response leads to a Th1 response under the 
influence of IL-12, IL-2 and IFN-γ, and IFN-γ 
enhances the phagocytic activity of both neu-
trophils and macrophages and hence contains 
the infection; as the lesion goes on, under the 
influence of IL-4 cytokines, minimal IL-12 pro-
duction, MCs stimulation and the subsequent 
production of IL-4 would encourage a Th2 re- 
sponse, B-cell activation and antibody produc-
tion, if these antibodies are protective and 
clear infection, the disease will not progress 
but if they are not protective, as in case of IgG2, 
the lesion will persist, continued B-cell activa-
tion may result in large amounts of IL-1 and 
hence tissue destruction [24, 26, 27, 29]. 

MCs synthesize and secrete a wide variety of 
mediators, modulating the functions of nearby 

Figure 5. Representative photomicrographs of MC infiltration with tryptase-TIM-1 immunofluorescence double-stai-
ning. A few tryptase-positive MCs (A) and tryptase-TIM-1 double-positive MCs (C) in healthy gingival tissues with 
integrated membrane and unapparent degranulation, more tryptase-positive MCs (D) and tryptase-TIM-1 double-
-positive MCs (F) in chronic slight periodontitis gingival tissues with a portion of membranolysis and degranulation, 
and even more tryptase-positive MCs (G) and tryptase-TIM-1 double-positive MCs (I) with strong degranulation in 
chronic severe periodontitis gingival tissues. (B, E and H) are tryptase-TIM-1 immunofluorescence double-staining. 
DIF staining, original magnification × 1000, scale bars = 20 μm. 
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Figure 6. Double immunofluorescence staining of tryptase-TIM-1 in healthy control group with integrated membrane 
and unapparent degranulation. A: Tryptase+; B: TIM-1+; C: Nucleus; D: Light observation; E: A+B; F: A+B+C; G: 
A+B+C+D+E. Laser scanning confocal microscope, DIF staining, original magnification × 1260, scale bars = 5 μm.

Figure 7. Double immunofluorescence staining of tryptase-TIM-1 in chronic severe periodontitis group with strong 
degranulation. A: Tryptase+; B: TIM-1+; C: Nucleus; D: Light observation; E: A+B; F: A+B+C; G: A+B+C+D. Laser  
scanning confocal microscope, DIF staining, original magnification × 1260, scale bars = 5 μm.

cells, and initiate complex physiological chang-
es. The significant contribution of MCs media-
tor to tissue damage and the propagation of 
inflammatory responses make control of MCs 
function vital to the management of many 
inflammatory diseases [30]. Studies suggest 
MCs can secrete both Th2-type and Th1-type 
cytokines, influencing the differentiation of T 
cells, which indicate that MCs are involved in 

immune regulation [11, 31]. Besides, MCs 
release vascular active amine and preformed 
tumor necrosis factor-α both increase vascular 
permeability, improve the expression of inter-
cellular adhesion molecule-1 (ICAM-1) and 
P-selectin in endothelial cell, the subsequent 
sticking and migration of polymorphonuclear 
leukocytes (PMNs) into the gingival tissues  
and release the lysosomal enzyme; as a inflam-
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have demonstrated TIM-1 expressed on MCs, 
macrophages and DCs; and recombinant 
mouse TIM-4 (rmTIM-4), a ligand for TIM-1, can 
affect IL-4, IL-10, IL-17 and IFN-g production, 
the TIM-1-TIM-4 interaction is important in  
regulating the proliferation of T cells [37, 39]. T 
cells require signals for optimal activation, the 
first provided by T cell receptor (TCR) trigger- 
ing; TIM-1 provides a strong costimulatory sig-
nal for T cell activation and cytokine produc- 
tion that augments TCR signaling [37, 40]. 
Moreover, epidemiological studies have shown 
that the prevalence of allergy and asthma was 
significantly lower in HAV seropositive individu-
als compared with HAV seronegative individu-
als, suggesting that HAV may directly affect  
Th2 mediated immune system through TIM-1 
[20]. Treatment of the mice with anti-TIM-1 dur-
ing the initial exposure to ovalbumin (OVA) pre-
vented tolerance induction, and OVA challenge 
induced severe allergen-induced airway-hyper-
reactivity (AHR) that was accompanied by con-
siderable airway inflammation [37]. Thus, TIM-1 
costimulation prevents of peripheral T cell tol-
erance and in the development of AHR and air-
way inflammation after antigen challenge. Anti-
TIM-1 mAbs recognizing distinct epitopes dif- 
ferentially modulated inflammation, the recog-
nizing mapped revealing that mAbs to the IgV 
domains of TIM-1 has therapeutic activity when 
exon 4 of the mucin/stalk domains exacerbat-
ed immune responses [41]. After IgE (+) Ag 
stimulation TIM-1 expression was down-regu-
lated on bone marrow derived cultured MCs 
(BMCMCs), using rmTIM-4 can promote Th2 
cytokines production without enhancing de- 
granulation in BMCMCs stimulated with IgE (+) 
Ag, suggesting that TIM-1 may be able to in- 
fluence T-cell-mediated immune responses in 
part through effects on MCs [22]. Anyway, the 
role of TIM-1 in human is not fully understood 
and only a limited amount of data is available, 
the underlying mechanisms have not been 
well-explored.

In the present study, we focused on the TIM-1 
expressions on MCs in gingival tissues of 
human chronic periodontitis with different se- 
verities. Our results showed that, the density  
of tryptase-TIM-1 double-positive MCs and de- 
granulation of MCs in the chronic severe peri-
odontitis group was significantly higher than 
that in the chronic slight periodontitis group; 
most importantly, the increase of the number 

Figure 8. Analyze of the densities of tryptase-TIM-1 
double-positive MCs in gingival tissues of per 
group. Data are represented as mean ± SEM. Sig-
nificant differences between groups are analyzed by 
Tamhane’s T2 test. *P < 0.05, #P < 0.01 compared 
to healthy control; ▲P < 0.05 compared to chronic 
slight periodontitis.

matory response, matrix metalloproteinases 
(MMPs) locally rise, MMPs and lysosomal en- 
zyme destroy the extracellular matrix of gingival 
tissue, resulting the invasion of lymphocytes 
and macrophages [26]. Key mediators that are 
pre-formed in MCs are the serine proteases 
tryptase, chymase, and cathepsin G, hista-
mine, heparin, serotonin, acid hydrolases, and 
the cytokines TNF-α and IL-16; following activa-
tion, MCs can synthesize a range of mediators, 
including the interleukins IL-1, IL-3, IL-4, IL-5, 
IL-6, IL-8, IL-10, IL-13, and IL-16, together with 
platelet-activating factor (PAF) and prostaglan-
din (PG), resulting the destruction of the peri-
odontal tissue and the absorption of alveolar 
bone [32]. 

Tim gene family is a relatively newly described 
group of molecules which consists of Type I 
transmembrane proteins with a unique struc-
ture and is associated with or implicated in  
several important immunological processes, 
including the regulation of allergy and asthma, 
and also the regulation of autoimmunity and 
transplantation immunity [16, 33, 34]. The me- 
mbers of Tim gene family including TIM-1, TIM-3 
and TIM-4 are conserved both in mice and 
human [35]. TIM-1 and TIM-3 are differentially 
expressed by effector Th2 and Th1 cells; TIM-1 
enhances Th2 cell activation and TIM-3 down-
regulates Th1 cell function [22, 36-38]. TIM-1 
serves as a costimulatory molecule for T cells, 
particularly on Th2 cells, enhancing T cell prolif-
eration and cytokine production [16]. Studies 
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of tryptase-TIM-1 double-positive MCs and 
degranulation of MCs had the similar tendency 
as the severity of periodontitis inflammation, 
suggesting that tryptase-TIM-1 double-positive 
MCs may secrete various of biological medium 
and cytokines participate in the immune-regu-
lation (including periodontal tissue destruction 
and damage repair) of chronic periodontitis. To 
the best of our knowledge, it is the first time  
to provide evidence for the presence of TIM-1 
on MCs in human gingival tissues with chronic 
periodontitis by DIF staining. Although little 
information is currently available regarding the 
role of tryptase-TIM-1 double-positive MCs im- 
mune function in human periodontal disease, 
TIM-1 which has a double action in inflamma-
tion may be an attractive target for clinical 
intervention, thus, illuminating the immunolog-
ic mechanism of TIM-1 on MCs in periodonti- 
tis may make it possible for control of this 
disease.
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