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Abstract: This study was undertaken to investigate the distribution of mast cells (MCs) and the expression of trans-
forming growth factor-β (TGF-β) on tryptase positive MCs in different types of human periapical diseases. Periapical 
tissues of 78 participates were used in this study, including healthy control (n=28), periapical cyst (n=25), and peri-
apical granuloma (n=25). The tissue samples were fixed in 10% formalin for at least 48 h, followed by staining with 
hematoxylin and eosin (HE) for histopathological examination. Then, they were stained with toluidine blue for MCs 
and MCs degranulation examination, or stained with double immunofluorescence for identification of tryptase-TGF-β 
double positive MCs. The results showed that the density of tryptase-TGF-β double positive MCs in periapical lesions 
was significantly higher than that of healthy control (P<0.01). The number of TGF-β positive MCs in the periapical 
cyst was potently higher than that in the periapical granuloma (P<0.01). In addition, compared with toluidine blue 
staining, the number of MCs with double immunofluorescence staining was significantly increased (P<0.01). The 
TGF-β positive MCs may play an important role in the pathogenesis of human chronic periapical diseases, particu-
larly in the formation of fibrous tissues in periapical cyst. Double immunofluorescence staining is more sensitive 
than the traditional toluidine blue staining for identifying MCs. 
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Introduction

Periapical disease is initiated primarily by the 
bacteria or their products in the infected root 
canals. The immune system of organisms could 
not completely eradicate the infections, thus 
resulting in periapical bone destruction and 
reabsorption [1]. Transforming growth factor-β 
(TGF-β) is a biofunctional growth regulator, 
which plays a significant role in the inflamma-
tion regulation, embryonic development, tissue 
repair, immune system, cell growth, and differ-
entiation. TGF-β is also closely associated with 
tumor prognosis, autoimmune conditions, and 
fibrosis diseases. In view of the effects mast 
cells (MCs) playing in the allergic inflammatory 
diseases and the inhibiting role of TGF-β in 
immune cells, TGF-β probably inhibites the 
activity of MCs through autocrine and paracrine 
[2]. Our previous study revealed that the collec-
tion, degranulation, and the stem cell factor 
(SCF) of MCs may contribute to the progression 
of periodontal disease, arguing that MCs and 

their associated cytokines play an important 
role in the pathogenesis and progression of 
periapical diseases [3]. However, the expres-
sion of TGF-β in MCs involved in periapical dis-
eases has not been reported.  

In this study, we identified the distribution of 
MCs in tissues with different human chronic 
periapical diseases by the toluidine blue and 
double immunofluorescence staining. More- 
over, we analyzed the expression of TGF-β in 
MCs to investigate effects of Tryptase-TGF-β 
double positive MCs on the immune pathogen-
esis of chronic periapical disease. We intended 
to provide novel targets for the treatment of 
periapical disease.

Materials and methods

Study subject

A total of 50 subjects who were diagnosed with 
periapical cyst and periapical granuloma in the 
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Liwan Stomatological Hospital of Jinan Uni- 
versity from June 2013 to July 2014 were 
enrolled in this study. All subjects received the 
radicular curettage and all diagnosis had been 
confirmed by pathologic examination. Among 
these subjects, 25 cases (20-60 years old, with 
a mean age of 43.2 ± 11.9) were diagnosed 
with periapical granuloma, and 25 cases (24-
64 years old, with a mean age of 45.9 ± 11.8) 
were diagnosed with periapical cysts. Twenty-
eight cases (18-23 years old, with a mean age 
of 20.5 ± 4.3) with healthy periapical tissues 
were enrolled into the healthy control group. 
The healthy samples were derived from peri-
odontal membrane of premolars extracted for 
orthodontics from June to September 2013, 
and premolars had healthy periapical tissues 
and fully developed tooth root. The subjects 
were systemic-disease free and no antibiotic 
therapy for the past three months. All subjects 
signed informed consents for this study. 

Group and specimen

All subjects were divided into three groups. The 
healthy control group (n=28): specimens were 
derived from the healthy periodontal mem-
brane of premolars extracted for orthodontics. 
The periapical granuloma group (n=25): X ray 
examination revealed that round or ovoid 
shaped low-density radiolucent shadows were 
less than 1 cm in size and there was well-
defined boundary with the teeth root apex, 
meanwhile histological examinations showed 
no explicit inflammatory cell infiltration and no 
squamous epithelial lining. The periapical cyst 
group (n=25): X ray examination revealed that 
the teeth root apex was with white-plagued 
lines and round or ovoid shaped low-density 
radiolucent shadows were less than 1 cm in 
size. Besides, histological examination showed 
cysts fully or partially covered with stratified 
squamous epithelium in periapical tissues. 
There was obvious inflammatory cell infiltration 
in epithelial layers, and there was no explicit 
infiltration of inflammatory cells in the fibrous 
tissue layer dominated by collagen fibers. 

Tissue specimen collection and treatment

The specimens of periapical granulomas and 
periapical cysts were derived from the tissues 
obtained during the periapical curettage. The 
specimens of healthy control group were de- 
rived from the root of healthy premolar teeth 

which was extracted for orthodontics. The col-
lected periapical tissues were fixed in 10% 
buffered formalin for more than 48 h. Then 
after dehydration, cleaning, wax immersion and 
embedding, the tissues were made into 5 μm 
thick serial slices. 

Hematoxylin-eosin (HE) staining

Histological changes of each specimen were 
observed by 2 independent pathologists in 
blind method. For HE staining, the above men-
tioned slices were stained with hematoxylin 
and eosin (HE). Then histological changes of 
three groups were observed under a light 
microscopy (Olympus, Tokyo, Japan). 

Toluidine blue staining

After a series of routine processing including 
dewaxing and alcohol rehydration, the tissue 
biopsies were stained with toluidine blue in 
room temperature overnight, and then envel-
oped with neutral gum. The morphology and 
degranulation of MCs were observed and 
counted by 2 independent pathologists with  
an optical microscope. The MCs counting and 
tissue area in every specimen were conducted 
in the high power field (×400). Then the density 
(cells/mm2) of MCs and the degranulated MCs 
were calculated in each group. Where: MCs 
density (cells/mm2) = total number of MCs in 
the slice/the slice area (mm2); degranulated 
MCs density (cells/mm2) per slice = total num-
ber of degranulated MCs in each slice/the slice 
area (mm2). 

Double immunofluorescence staining for iden-
tification of tryptase-TGF-β double positive MCs

The primary antibodies used in double immu-
nofluorescence staining were tryptase (Abcam, 
UK; 1:200) and TGF-β (Santa Cruz Biotech- 
nology, USA; 1:100). The second antibodies 
were goat anti-mouse IgG (H+L) Alex Flour  
555® (Cell Signaling Technology, USA; 1:200).

Tissue biopsies underwent a series of process-
es including routine dewaxing, alcohol rehydra-
tion, microwave repair by citrate buffer, normal 
sheep serum blocking, incubation of antibod-
ies, and fluorescence staining in dark condi-
tion. After anti-fluorescence quenching liquid 
sealing, tissue slices were immediately ob- 
served under a fluorescence microscope. The 2 
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Figure 1. The histological changes of the specimens. A: Healthy control; B: Periapical granuloma; C: The epithelial 
layer of Periapical cyst; D: The fibrous tissue area of Periapical cyst. Hematoxylin and eosin staining, original mag-
nification ×400. 

dependent pathologists identified the expres-
sion of TGF-β on MCs in immunofluorescence 
microscope, then counted the tryptase-TGF-β 
positive MCs and calculated the cell density 
(cells/mm2). The tryptase-TGF-β double positive 
MCs counting and area recording of every tis-
sue biopsy were conducted under the high 
power field (×400). Where: tryptase-TGF-β posi-
tive MCs density (cells/mm2) = total number of 
tryptase-TGF-β positive MCs in the slice/the 
slice area (mm2).

Statistical analysis

Data were represented with mean ± standard 
error (mean ± SEM) and analyzed with SPSS 
13.0. Non-parametric test (Kruskal-Wallis H 
test) was applied to compare the density of 
MCs with toluidine blue staining between 
groups; if there was no significant difference 
between the three independent groups, Ne- 
menyi test was adopted in the multiple com-
parisons. Non-parametric test (Kruskal-Wallis 
H test) was applied to compare the density of 
tryptase-TGF-β positive MCs between groups;  
if there was no significant difference between 
the 3 independent groups, Nemenyi test was 

adopted in the multiple comparisons. Non-pa- 
rameters Wilcoxon matched pairs signed rank 
test was used to compare the density of MCs 
with toluidine blue staining or double immuno-
fluorescence. P<0.05 was considered to be sig-
nificantly different. 

Results

Histological observation

In order to find out the difference of three 
groups, histological observation was perfor- 
med using a light microscope. Noobvious infil-
tration of inflammation cells was detected in 
healthy control group (Figure 1A). There was 
significant inflammatory cell infiltration in the 
periapical granuloma group (Figure 1B). Most 
inflammatory cells were comprised of mono-
cytes, lymphocytes, and plasmocytes, which 
were characterized with focal infiltration. Other 
cells including macrophage-like cells and neu-
trophils were mainly characterized with scatter-
ing infiltration. Microscopically, the periapical 
cyst was covered with the epithelial layer of 
intercellular edema (Figure 1C). Mass chronic 
inflammatory cell infiltration could be found 
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Figure 2. Representative photomicrographs of the mast cells infiltration with toluidine blue staining. (A, B) Healthy 
control; (C, D) Periapical granuloma; (E, F) Periapical cyst. Toluidine blue staining, original magnification (A, C, E) 
×400, (B, D, F) ×1000. 

Figure 3. The densities of mast cells and degranulat-
ed mast cells with toluidine blue staining. A: Healthy 
control (n=28); B: Periapical granuloma (n=25); C: 
Periapical cyst (n=25); MC, mast cell; *P<0.01 vs 
healthy control; ΔP<0.05 vs periapical granuloma.

below the epithelial layer. Moreover, there was 
no obvious infiltration of inflammatory cells in 
the fibrous tissue layer which was dominated by 
collagen fibers (Figure 1D). 

Toluidine blue staining 

To investigate the distribution of mast cells 
(MCs) in each group, the slices were going 
through a series of routine processing includ- 

ing dewaxed, alcohol rehydrated, stained with 
toluidine blue, and enveloped with neutral gum. 
Some MCs were visible in the healthy perio- 
dontal tissue of Control group with limited num-
ber (Figure 2A, 2B). The MCs density in the 
periapical cyst was significantly higher than 
that of healthy control (Figure 2C, 2D). MCs 
were round or oval in shape with even edges, 
smooth surface and uniform cytoplasm gran-
ules, some of which were showed mild or mod-
erate degranulation. In Figure 2E, 2F, large 
numbers of MCs were visible below the cystic 
epithelium layers and in the connective tissues. 
MCs were manifested to be dark staining, vari-
ous shapes and overt degranulation. Some of 
these cells broke down and released the meta-
chromatic granules around cells.

The comparison of the MCs density or degranu-
lation was shown in Figure 3. The density of 
MCs in two Periapical lesion groups was potent-
ly higher than that in healthy control group 
(P<0.01), and the density of MCs in the peria- 
pical cyst was significantly higher than that in 
the periapical granuloma group (P<0.05). The 
density of degranulated MCs in two Periapi- 
cal lesion groups was significantly higher than  
that in healthy control group (P<0.01). The den-
sity of degranulation MCs in the periapical cyst 
group was significantly higher than that in the 
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Figure 4. Representative photomicrographs of mast cells infiltration with tryptase-TGF-β immunofluorescence double staining. A few tryptase-positive MCs (A, J) and 
tryptase-TGF-β positive MCs (C, L) in healthy controls with integrated membrane and unapparent degranulation, more tryptase-positive MCs (D, M) and tryptase-
TGF-β positive MCs (F, O) in the periapical granuloma with a portion of membranolysis and degranulation, and even more tryptase-positive MCs (G, P) and tryptase-
TGF-β positive MCs (I, P) with strong degranulation in the periapical cyst. Original magnification, (A-I) ×400, (J-R) ×1000. 
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ble-positive cells distributed in the periapical 
tissues of the healthy control group (Figure 
4A-C, 4J-L). The number of TGF-β positive MCs 
in the periapical cyst was significantly higher 
than that in the other two groups (Figure 4D-F, 
4M-O; P<0.01). Abundance of tryptase-TGF-β 
positive MCs were visible below the cystic epi-
thelium and inside the connective tissues and 
epithelium in periapical cyst group (Figure 4G-I, 
4P-R). 

The results of tryptase-TGF-β double positive 
cells in each group were shown in Figure 5,  
suggesting that there was a statistical signifi-
cant difference in the density of tryptase-TGF-β 
positive MCs among three groups (X2=67.61, 
P<0.001). The density of typtase-TGF-β MCs 
was the highest in periapical cyst group among 
the three groups (average rank of 65.68). 
Nemenyi test results showed that there was 
significant difference in the density of tryptase-
TGF-β positive MCs between the healthy con-
trol group and the granuloma group (X2=18.50, 
P=0.002), also between the healthy control 
group and the cyst group (X2=67.37, P<0.001). 
Besides, the number of tryptase-TGF-β posi- 
tive MCs in the periapical cyst was significantly 
higher than that in the periapical granuloma 
(X2=14.45, P=0.001). These results demon-
strated that TGF-β positive MCs might play an 
important role in the pathogenesis of human 
chronic periapical diseases, particularly in the 
formation of fibrous tissues in periapical cyst.

Density comparison between MCs with tolu-
idine blue and double immunofluorescence 
staining  

To choose an optimal staining method of MCs, 
the density of MCs between toluidine blue and 
double immunofluorescence staining was com-
pared, as shown in Figure 6. Compared with 
toluidine blue staining, the number of MCs with 
double immunofluorescence staining was sig-
nificantly increased (P<0.01). The result sug-
gested that the tryptase immunofluorescence 
staining was more sensitive than the traditional 
toluidine blue staining for identifying MCs.

Discussions

The root-canal-infected microorganisms were 
the main contributing factor for periapical dis-
eases. Bacteria and their toxic metabolites 
spread into the periapical tissues through the 
root canal system and then activated the 

Figure 5. The density of tryptase-TGF-β positive mast 
cells with immunofluorescence double staining. A: 
Healthy control (n=28), B: Periapical granuloma 
(n=25); C: Periapical cyst (n=25); MC, mast cell; 
*P<0.01 vs healthy control; ΔP<0.05 vs periapical 
granuloma.

Figure 6. The comparison of mast cell densities de-
termined by toluidine blue and double immunofluo-
rescence staining. A: Healthy control (n=28); B: Peri-
apical granuloma (n=25); C: Periapical cyst (n=25); 
MC, mast cell; TB, toluidine blue; IF, immunofluores-
cence; *P<0.01 vs toluidine blue staining.

periapical granuloma group (P<0.05). These 
results indicated that MCs were involved in the 
pathologic process of Periapical diseases.

Double immunofluorescence staining of 
tryptase-TGF-β double positive MCs 

In order to observe the expression of TGF-β on 
tryptase positive MCs in all three groups, tissue 
biopsies were underwent fluorescence staining 
in dark condition. After anti-fluorescence qu- 
enching liquid sealing, tissue slices were imme-
diately observed under a fluorescence micro-
scope. Expression of TGF-β on MCs was visible 
in all three groups. There were only a few dou-
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immune system, which led to the infiltration of 
various inflammatory cells and osteoclasts. 
These cells then produce various creatine 
kinases (CKs) which accelerate periapical tis-
sue damages and bone reabsorption [4]. Li- 
popolysaccharide (LPS) in the cell wall of root-
canal-infected bacteria could stimulate neu- 
trophils, macrophages, and MCs to release a 
variety of pro-inflammatory cytokines, includ- 
ing interleukin-1 (IL-1), tumor necrosis factor 
(TNF)-α, TGF-β, prostaglandin E2 (PGE2) and  
so on. Meanwhile, LPS could activate osteo-
clasts, resulting in periapical and Alveolar bone 
reabsorption [5]. 

Conventional view is that MCs are mainly asso-
ciated in type I hypersensitivity. After binding 
with the IgE on the MCs surface, antigenic ma-
terial caused changes in MCs membrane struc-
ture, which leads to cell degranulation and bio-
active peptide release, including histamine and 
leukotrienes. These bioactive peptides medi-
tate the anaphylaxis, which are aggravating cli- 
nical symptoms including eriapical tissue ede- 
ma, painful feeling, tooth stretchy feeling, and 
occlusive tooth pain [6]. The identification of 
MCs among the inflammatory cells in chronic 
periapical granuloma and cyst suggests that 
MCs are associated with the pathogenic mech-
anism of chronic periapical diseases [7]. How- 
ever, some scholars did not agree with the role 
that the MCs-mediated anaphylaxis played in 
periapical diseases [8, 9]. Therefore, there is 
no consensus view about the role of MCs in the 
periapical diseases. 

Emerging evidence had shown that MCs and 
macrophages are involved in the pathogenesis 
of apical cyst [10]. Márton et al. identified a 

large number of MCs in the fibrous capsule of 
periapical lesions, but none in the periapical 
granuloma [8]. De Noronha et al. identified rise 
in the MC number and a significant degranula-
tion in the deep tissue of radicular cysts of in- 
flammatory lesions, suggesting that MCs were 
related with the inflammation of odontogenic 
lesions and cystic diseases [11]. Drazi et al. 

observed that the presence of MCs was grea- 
ter in cysts than in granulomas, and MCs main-
ly existed in the inflamed periapical lesions and 
the fibroblast area [12]. Ledesma-Montes et al. 
found that MCs number was higher in prolifer-
ating epithelium of granulomas and that de- 
granulation was frequently found in these zon- 
es, suggesting that MCs were closely related 

with the initiation, development, and persis-
tence of the periapical inflammatory process 
[13]. In this study, we tested the parodontium 
of 25 periapical granuloma cases, 25 periapi-
cal cyst cases and 28 healthy cases by the 
staining. The results showed that the density of 
degranulation of MCs in two periapical lesion 
groups was significantly higher than that in 
healthy control group, and the density of de- 
granulation of MCs in the periapical cyst group 
was significantly higher than that in the periapi-
cal granuloma group. Our results were consis-
tent with most of previous study results, sug-
gesting that MCs were involved in the pathologic 
process of periapical diseases.

TGF-β superfamily, composed of polypeptide 
growth factors which share similar structures, 
is a protein family regulating cell proliferation 
and differentiation. Recently, TGF-β was consid-
ered to be associated with the pathogenesis of 
the autoimmune diseases, fibrotic lesions and 
tumor [2]. TGF-β has a double regulatory role in 
the growth and differentiation of various cells. 
Inhibiting effects or activating effects of TGF-β 
are depended on cell types, differentiation 
states, and experiment conditions. Given the 
role of MCs played in the allergic inflammatory 
diseases and the role of TGF-β played in inhibit-
ing immune cells, TGF-β probably inhibited the 
activity of MCs through autocrine and paracrine 
ways [2]. A previous study suggested that TGF-β 
might have opposing functions on MC-media- 
tor release, depending on the type of MC and 
its state of maturation and activation [14]. 
Another previous study supported the theory 
that TGF-β1 produced by MCs or other cells is 
involved in the inflammatory cascade providing 
a delayed and reversible inhibition of IgE-me- 
diated MCs inflammatory function [15]. TGF-β 
exerts a significant effect on chronic kidney dis-
ease (CKD) by mediating the renal fibrosis [16]. 
TGF-β1 could regulate the inflammation of the 
kidneys, and also promote the development of 
renal fibrosis, which is a potential drug target 
for reducing and preventing the deterioration of 
CKD [17]. 

The pathogenic mechanism of periapical dis-
eases is, as yet, unclear and the expression of 
TGF-β on MCs involved in periapical diseases 
has not been reported. This study investigated 
the expression of TGF-β on MCs with double 
immunofluorescence staining. Our results sho- 
wed that TGF-β positive MCs might play an 
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important role in the pathogenesis of human 
chronic periapical diseases, particularly in the 
formation of fibrous tissues in periapical cyst. 
Therefore, we inferred that TGF-β was one of 
the main anti-inflammatory cytokines and that 
the biological significance of TGF-β expression 
on MCs was in inflammation stablization and 
repair of damaged tissues. In periapical diseas-
es, TGF-β could counter pro-inflammatory cyto-
kines such as IL-1 and TNF-α, as a macrophage 
inactivator. The study had theoretical signifi-
cances and clinic guidance values in illuminat-
ing the pathogenesis of periapical diseases, 
particularly the periapical cyst. Controlling the 
TGF-β-positive MCs or regulating the MCs func-
tion could become the promising treatment  
target for preventing the development of peri-
apical diseases. Thus, this study could provide 
new therapeutic targets and more efficient 
therapeutic directions for periapical disease 
treatment.
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