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Abstract: This study aims to observe expression of IL-27 on different cells in periapical tissues of different types
of human chronic periapical diseases. Periapical tissue specimens of 60 donors, including healthy control (n=20),
periapical granuloma group (n=20) and radicular cysts group (n=20), were fixed in 10% buffered formalin, stained
with hematoxylin and eosin for histopathology. Then specimens were stained with double- immuno-fluorescence
assay for identification of IL-27-tryptase (mast cells, MCs), IL:27-CD14 (mononuclear phagocyte cells, MPs) and
IL-27-CD31 (endothelial cells, ECs) double-positive cells in periapical tissues. The results indicated that compared
with healthy control, the densities (cells/mm?) of IL-27-tryptase, I1L-27-CD14 and IL-27-CD31 double-positive cells
were significantly increased in human chronic periapical diseases (periapical granuloma group and radicular cysts
group) (P<0.001). The density of IL-27-tryptase double positive cells in radicular cysts group was significantly higher
than those in periapical granuloma group (P<0.001). Densities of I1.-27-CD14 and IL-27-CD31 double-positive cells
in periapical granuloma group had no significant difference with those in radicular cysts group (P=0.170 and 0.138,
respectively). IL-27-CD14 double positive cells density achieved to peak among three cell groups in radicular cysts
groups. In conclusion, IL-27 expressed in MCs, MPs and ECs of human chronic periapical diseases with different
degrees. IL-27-tryptase double-positive cells may participate in pathogenic mechanism of chronic periapical dis-
eases, especially for formation of fibrous in periapical cysts. I.-27-CD14 and IL-27-CD31 double-positive cells may
participate in immunologic response to resist periapical infection, and they may play an dual role in pathogenesis
and localization of periapical diseases.
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Introduction T helper cell (Th), promote the proliferation of

the initial CD4* cells, and facilitate the CD4*

The bacterial infection of the dental pulps, usu-
ally as a sequel to dental caries, which could
result in the chronic periapical diseases and
the related lesions [1]. The chronic periapical
diseases are often the immune reactions to the
bacteria and by-products of the root canal sys-
tem, which could ultimately cause the destroy
of the perapical and perifurcal alveolar bone [2,
3]. The previous study reported that the inflam-
matory lesions in the chronic periapical diseas-
es is characterized by the appearance of
immune cells, which could produce the inflam-
matory biomarkers, such the cytokines [4, 5].

Interleukin-27 (IL-27) is a novel interleukin of
the IL-6/1L-12 cytokine family, which is mainly
produced by antigen-presenting cells (APCs)
[6]. IL-27 can regulate the differentiation of the

cell’'s differentiation to the Thl cells. Meanwhile,
IL-27 can also inhibit the growth of Th17 cells
and Th2 cells [7, 8]. The studies in recent years
has shown that IL-27 was not only expressed in
activated APCs, but also expressed in plasma
cells, endothelial cells, microglia cells, tropho-
blastic cells and uterine NK cells, and also
played a dual role by promoting and inhibiting
the organism’s inflammation [6, 7, 9]. Presently,
the IL-27 expression in the different immune
cells and the pathogenic mechanisms of human
periapical disease are yet unknown.

In this article, we observed the expression of
IL-27 in different cells of the different human
chronic periapical diseases, and investigated
the specific role of IL-27 in the pathogenesis of
chromic periapical diseases. The present study
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would provide the basis for the clinical applica-
tion and drug development for the human
chronic periapical diseases.

Materials and methods
Subjects

Patient selection: 60 subjects (ages from 17 to
56), who had visited dental clinic of Guangdong
armed police corps hospital between June
2013 and July 2014 were enrolled in this
research, with 33 males (38 £ 18.32 years old),
27 females (31 + 14.12 years old). There were
no statistical significant differences in sex and
age between groups in this study. We excluded
the subjects who were pregnant, receiving oral
contraceptive therapy, having systemic disease
or had taken antibiotic therapy in the last three
months. All subjects signed informed consent
in this experiment (Appendix).

Trial grouping

According to the grouping criteria including the
X-ray examination, operative exploration and
histopathological findings, subjects were divid-
ed into 3 groups (20 cases per group).

Healthy control group: Samples were extracted
from periodontal membrane of premolars
extracted for orthodontics, and the premolars
had healthy periapical tissue and complete root
formation. Inclusive criteria: O Vital teeth; @
No low density radiolucent shadow shown in
the X-ray examination; 3 Periodontal ligament
with smooth and continuous edges, and with
no injuries during the extraction process; @ No
distinct capillary proliferation and inflammatory
cell infiltration during the histological obser-
vation.

Periapical granuloma group: Samples were
derived from periapical tissues with periapical
diseases, which could not be cured with non-
surgical treatment and required periapical
curettage treatment. Inclusive criteria: @ Non-
vital teeth; @ Round or ovoid shaped low-den-
sity radiolucent shadow less than 1 cm in size
in the teeth root apex in X ray examination; 3
The periapical solid soft-tissue lesions which
was found during operation; @ Histological
observations showed that the periapical lesions
was granulation lumps with capillary prolifera-
tion and inflammatory cell infiltration.
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Periapical cyst group (radicular cysts): Samples
were extracted from the periapical tissue with
periapical lesions, which could not be cured
with non-operative treatment and required the
periapical curettage treatment. Inclusion crite-
ria: (U Non-vital teeth; @ The teeth root apex
with white-plagued lines and round or ovoid
shape low-density radiolucent shadow less
than 1 cm in size in X ray examination; 3
Periapical solid soft-tissue lesions containing
liquids or semi-solid cystic tissues which were
found during operation; @ Histological obser-
vations show the periapical tissues containing
large amounts of collagen fibers, which were
cysts or tissues fully or partially covered with
non-keratinized stratified squamous epithelium
[10].

Sample treatment and immuno-fluorescent
double staining assay

The periapical tissues were extracted from
patients and fixed in 10% buffered formalin for
24 to 48 h, then made into 5 ym thick serial
slices and staining the periapical tissues with
hematoxylin and eosin. We observed the histo-
logic changes under the light microscopes.

The immuno-fluorescent double staining of
IL-27-tryptase, IL-27-CD14, IL-27-CD31 was per-
formed in this study. Firstly, the samples were
incubated with the mouse anti-human IL-27
monoclonalantibody (Santa Cruz Biotechnology,
United States), Mouse anti-human mast cell
Tryptase monoclonal antibody (Abcam, United
Kingdom), Mouse anti-huamn CD14 monoclo-
nal antibody (Wuhan Boster, China), mouse-
human anti-PECAM1/CD31 monoclonal anti-
body (Wuhan Boster, China) for 2 h under dark
condition. Then, the samples were washed with
the PBST solution for 5 min and 3 times. The
samples were subsequently incubated with the
rabbit anti-mouse Fluor®555 conjugate poly-
clonal antibody (Cell Signaling technology, Uni-
ted States), rabbit anti-mouse Alexa Fluor®488
conjugate polyclonal body (Cell Signaling tech-
nology, United States) under dark condition,
and washed for 5 min and 3 times. Then, the
tissue slices were immediately observed under
a fluorescence microscope.

In the immuno-fluorescent double staining
assay, the IL-27* signal was stained as red and
the tryptase®, CD14* and CD31" were stained
as green. All the signals were located in the cell
membrane or cytoplasm. The over-lapping of
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Figure 1. Histological observation of periodontal tissues by using HE staining. (A and B) Healthy control; (B and C)
Periapical granulomas. (E and F) Radicular cysts. The scale bars have been illustrated in the images (A, C, E) with
the original maghnification, x200. The scale bars have been illustrated in the images (D-F) with the original magni-

fication, x400.

the red and green fluorescence in the same
visual field introduced the orange fluorescence
[11]. The DAPI nuclear-stained nuclei appeared
as blue fluorescence under a fluorescence
microscope. Tissue slices were blindly observed
by 2 pathologists under the fluorescence micro-
scope, and based on the counting method of
Batista, et al. [12]. Ten representative conduc-
tive visual field (0.0725 mm?/field) were opted
for the counting of the DAPI positive and the
IL-27-tryptase, IL-27-CD14, IL-27-CD31 double
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positive cells. Then, the double-positive cell
density (cells/mm?) was obtained and averaged
subsequently.

Statistical analysis

Data were represented with mean + standard
error (mean + SEM) and analyzed by using
SPSS 13.0. The one-way ANOVA of the com-
pletely randomized design was applied in com-
parison in the average density of IL-27-tryptase,
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Figure 2. Observation for the IL-27*tryptase* double-positive staining cells in health control group, periapical granu-
lomas group and Radicular cysts group. A. The IL-27*, tryptase* and DAPI* positive stained cells, and the merged
stained cells were illustrated in the images. B. Statistical analysis of the densities of IL-27*-tryptase* double-positive
cells in every group. "P<0.05 represents the values in periapical granulomas group and radicular group compared
to health control group. #P<0.05 represents the value in radicular group compared to periapical granulomas group.
The scale bars have been illustrated in the images with the original magnification, x400.

IL-27-CD14 and IL-27-CD31 double positive
cells. The significant level was double side
0=0.05, and P<0.05 was considered to be sig-
nificantly different.

Results
Histological observation of periodontal tissues
Healthy control group: Apical periodontal mem-

brane with abundant fibrous tissues was struc-
turally integrated, and no explicit infiltration of
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inflammatory cells was observed (Figure 1A,
1B).

Periapical granuloma group: The structure of
the periodontal tissues were destructed, and
the new capillaries fibroblasts and inflammato-
ry cells infiltration were abundant. The linear
epithelial cells could be identified in some slic-
es (Figure 1C, 1D).

Periapical cyst group: The structure of the peri-
odontal tissues were destructed, and the capil-
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Figure 3. Observation for the IL-27*-CD14* double-positive staining cells in health control group, periapical granulo-
mas group and Radicular cysts group. A. The IL-27%, CD14* and DAPI* positive stained cells, and the merged stained
cells were illustrated in the images. B. Statistical analysis of the densities of IL-27*-CD14* double-positive cells in
every group. “P<0.05 represents the values in periapical granulomas group and radicular group compared to health
control group. #P<0.05 represents the value in radicular group compared to periapical granulomas group. The scale
bars have been illustrated in the images with the original magnification, x400.

laries were dilated. Microscopically, the periapi-
cal cyst was covered with the epithelial layer,
which was intercellular edematous, and infil-
trate with a large number chronic inflammatory
cells. In the fibrous layer dominated with colla-
gen fibers, no explicit infiltration of inflammato-
ry cells could be identified. In part of the cyst
wall, there existed spindle-shaped intervals
rich in hemosiderin and cholesterol Crystal
deposition (Figure 1E, 1F).
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Staining results of IL-27-tryptase double-posi-
tive cells

In order to investigate the interaction between
IL-27 and tryptase, IL-27 and CD14, IL-27 and
CD31, the cells were stained by using the
immuno-fluorescent assay. From the Figure 2,
we found that there were only a few double-
positive cells distributed in the periapical tis-
sues of the healthy control group. However, a
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Figure 4. Observation for the IL:27*-CD31* double-positive staining cells in health control group, periapical granulo-
mas group and Radicular cysts group. A. The IL-27*, CD31* and DAPI* positive stained cells, and the merged stained
cells were illustrated in the images. B. Statistical analysis of the densities of IL-27*-CD31* double-positive cells in
every group. "P<0.05 represents the values in periapical granulomas group and radicular group compared to health
control group. #P<0.05 represents the value in radicular group compared to periapical granulomas group. The scale
bars have been illustrated in the images with the original magnification, x400.

abundant infiltration of double-positive cells
and mature erythrocyte and epithelial struc-
tures was observed in the Periapical cyst group.

The results indicated that the IL-27-tryptase
double staining cells were more significantly in
Periapical granulomas group and Radicular
cysts group compared to the Health control
group (Figure 2, both P<0.001). Meanwhile,
IL-27-tryptase double staining cells in Radicular
cysts group was also more significantly com-
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pared to the Periapical granulomas group
(Figure 2, P<0.001).

Staining results of IL-27-CD14 double-positive
cells

The results indicated that IL-27-CD14 double
staining cells were more significantly in
Periapical granulomas group and Radicular
cysts group compared to the Health control
group (Figure 3, both P<0.001). However, the

Am J Transl Res 2017;9(3):1460-1470
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Figure 5. Observation for the [L-27*-
tryptase*, IL-27*-CD14* and IL-27*
CD31* double staining results in
periapical cyst group by using laser
scanning confocal microscope. The
scale bars have been illustrated in the
images with the original magnification,
x1260.

Healthy Periapical
granulomas

Douple-positive densities (cells/2) in

densities of IL-27-CD14 positive cells between
the periapical granuloma group and the periapi-
cal cyst group had no significant difference
(Figure 3, P=0.170).

Staining results of IL-27-CD31 double-positive
cells

Similar to the IL-27-tryptasse and IL-27-CD14
double staining results, the data results of
IL-27-CD31 double positive cells in Periapical
granulomas group and Radicular cysts group
were also higher significantly compared to the
Health control group (Figure 4, P<0.001). The
densities of IL-27-CD31 positive cells in periapi-
cal granuloma group had no significant differ-
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T

Radicular
cysts

ence compared with those in periapical cyst
group (Figure 4, P=0.138).

IL-27-CD14 double staining cells illustrates the
peak density

According to the double staining results from
Figures 2-4, we found that the there were more
IL-27-tryptase, IL-27-CD14 and IL-27-CD31 dou-
ble staining cells in Periapical cyst group. In
order to compare the best biomarker (tryptase,
CD14 and CD31) interacted with IL-27, we also
analyzed the double staining results in periapi-
cal cyst group (Figure 5). The results indicated
that the IL-27-CD14 double positive cells den-
sity achieved to the peak among the three cell
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groups, following with the IL-27-CD31 double
positive cells, and the IL-27-tryptase double
positive cells (Figure 5).

Discussion

IL-27, a new member of the IL-12 family, has a
dual immuno-modulatory activity, in neo-
plasms, autoimmune diseases, and infectious
diseases. Previous study has validated that
IL-27 mainly generated by the activated MPs
and DCs [13] and played an important role in
the Thl's initial immune responses and mean-
while it also had general inhibitory effects on
the activity of Thi, Th2, Th17 and regulatory T
cells [14]. In the observation with IL-27 expres-
sion on human Tl-associated granulomatous
diseases (tuberculosis disease, sarcoidosis
and Crohn’s disease), Larousserie ect. [15]
found an elevated expression of IL-27 in the
granulomatous and T1 associated diseases,
suggesting that IL-27 might play an important
role in the pathogenesis.

MPs including the monocytes in blood and
macrophages in tissues, which are responsible
for 4% to 50% of the inflammatory cells in peri-
apical diseases and plays an important role in
periapical diseases. The MPs protect body by
phagocytizing and killing pathogens, and also
participate in the tissue cell injuries, contribut-
ing to the disease progressing and the long-
term inflammatory response [16]. By exposing
the Molar pulp cavity of rats to oral microorgan-
isms, we introduced the experimental periapi-
cal Granuloma. The results showed that macro-
phages had already entered the periapical
tissues in the early stages, suggesting that
macrophages were the first line of the local
immune defense in eliminating the harmful
stimuli and pretecting the marrow periapical
tissues from the infections [17]. Vascular endo-
thelial growth factor (VEGF) regulates the prolif-
eration, differentiation and migration of the
vascular ECs, and exerts significant stimulation
on the development of granulation tissues and
the expansion of cysts [18, 19]. MCs expres-
sion in the damaged areas can facilitate the
expression of angiogenetic growth factors and
stimulate local micro-vascular and also can
increase the micro-vessel density (MVD).
Moreover, the MCs could also change the vas-
cular activity, increase the vascular permeabili-
ty, help the plasma protein enter the periapical
cysts, and increase the cyst osmotic pressure
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and gradually expand the cysts. Drazic et al.
[20] observed that the degranulated MCs were
adjacent to fibroblasts, which suggests that
MCs may play an important role in the forma-
tion of fibrous tissues. Our results showed that
the density of cells with MCs expression in the
periapical cyst group was higher than in
Periapical Granuloma group. MCs'’s impact with
granulation tissue was preliminary on the
wound repair. The tryptase and PGs released
during the MCs degranulation participated in
the bone resorption of the bone cyst-contact
area and promoted the expansion of the cyst,
suggesting that MCs may play a role in recon-
struction in the cyst development, which result-
ed in the jaw cyst expansion [21].

Chronic Periapical diseases was characterized
with inflammatory destruction. The inflamma-
tory bone re-absorption was introduced by the
CKs secreted by immuno-competent cells or
immuno-competent cells. The previous studies
indicated that the genesis, development and
prognosis of periapical diseases were closely
associated with immune responses of periapi-
cal tissues [17-21]. Cells associated with the
immune responses of Periapical diseases
included lymphocytes, plasmocytes, neutro-
phils, MCs, MPs, and etc. The APCs, including
MPs, DCs and neutrophils, could dispose the
pathogenic stimulus. Meanwhile, they can
inflict damages to the normal tissues, which
results in the periapical tissue destruction and
the alveolar bone absorption [22].

In this study, we adopted the immuno-fluores-
cence double staining method, and observed
the distribution of MCs, MPs and ECs in the dif-
ferent periapical disease tissues. Then, we ana-
lyzed the IL-27 expression in these three dis-
eases of cells. We found that the IL-27 positive
cells abundantly existed below the cystic epi-
thelium and inside the connective tissues and
epithelium. Compared with the healthy control,
the densities of IL-27-tryptase, IL-27-CD14 and
IL-27-CD31 double-positive cells were signifi-
cantly increased in human chronic periapical
diseases. The density of IL-27-tryptase double
positive cells in periapical cyst group was sig-
nificantly higher than those in periapical granu-
loma. The densities of IL-27-CD14 and IL-27-
CD31 double-positive cells in periapical
granuloma group had no significant difference
with those in periapical cyst group. The result
showed that IL-27 expressed in MCs, MPs and
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ECs of human chronic periapical diseases with
different degree. IL-27-tryptase double-positive
cells may participate in the pathogenic mecha-
nism of chronic periapical diseases, especially
for the formation of fibrous in periapical cysts.
IL-27-CD14 and 1L-27-CD31 double-positive
cells may participate in the immune regulation
of chronic periapical diseases, and play an dual
role in the disease pathogenesis. Our result
was complied with the previous research
results [23, 24]. But how the IL-27 expression
of the immune cells in the periapical tissues
could affect the immuno-pathological regula-
tion in periapical diseases and the mechanisms
of the IL-27’s role in cell interaction require fur-
ther investigation. And the in vitro experiments
could be considered in the future follow-up
studies. The study result had theoretical points
and clinic guidance values in illuminating the
IL-27’s concrete effects on the pathogenesis of
periapical diseases. Therefore, inhibiting the
IL-27 generation of immune cells could be a
novel treatment target to prevent the disease
progressing. This research provided a new
direction for the periapical disease treatment.

Although we received some interesting and sig-
nificant results, there were also a few limita-
tions in this study. The present study mainly
observed and described the role of IL-27 in the
human chronic periapical diseases, but without
specific mechanism investigation. In the follow-
ing study, we would clarify the mechanism that
involved in the role of the IL-27 in the human
chronic periapical diseases.

In conclusion, IL-27 expressed in MCs, MPs and
ECs of human chronic periapical diseases with
different degrees. IL-27-tryptase double-posi-
tive cells may participate in pathogenic mecha-
nism of chronic periapical diseases, especially
for formation of fibrous in periapical cysts.
IL-27-CD14 and 1L-27-CD31 double-positive
cells may participate in immunologic response
to resist periapical infection, and they may play
an dual role in pathogenesis and localization of
periapical diseases.
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Interleukin-27 in human chronic periapical diseases
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Appendix. Periapical granulomas. A: Tryptase*; B: IL-:27*; C: DAPI*; D: Merged. (DIF staining, scale bars = 50 ym,
Original magnification, x400).
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