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JAK2/STAT3 is associated with the inflammatory
process in periapical granuloma
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Abstract: Objective: It has been shown that JAK2/STAT3 is involved in the occurrence of various inflammatory dis-
eases. The purpose of this study was to associate the expression of Janus kinase 2 (JAK2) and its receptor signal
transducer and activator of transcription 3 (STAT3) and suppressors of cytokine signaling 3 (SOCS3), to periapical
granuloma. Methods: Samples were collected from 40 patients who were divided into two groups, namely, healthy
control (N=20) and periapical granuloma (N=20) groups in accordance with classified standards. The samples were
prepared for histological analysis, immunohistochemistry, and double immunofluorescence staining. Results: Only
slight inflammatory cell infiltration was observed in the tissues from the healthy control group. Extensive infiltration
of inflammatory cells was observed in patients with chronic periapical disease. The periapical granuloma group had
higher levels of JAK2, STAT3, p-JAK2, p-STAT3 and SOCS3 (all P<0.05) than the control group. Double immunofluo-
rescence staining results showed the presence of JAK2-positive and STAT3-positive cells in the periapical lesion
areas. Conclusions: This study demonstrated that JAK2, STAT3, and SOCS3 can be observed and may be associ-
ated with the inflammatory process in periapical lesions. The results of this study will provide new insights into the
pathological mechanisms of human periapical granuloma.
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Introduction antigen DR and activates the B cells to secrete
cytokines by activating the JAK2/STAT3 path-
Janus kinase (JAK)/signal transducer and acti- way, which contributes to their immunoregula-
vator of transcription (STAT) plays an important tory and inflammatory properties [11]. STATs
role in regulating apoptosis, proliferation, di- are cytoplasmic transcription factors that play a
fferentiation, and inflammatory response [1]. critical role in cell fate [12]. STAT3 participates
JAK2/STAT3 participates in diverse inflamma- in inflammatory disease, such as periodontitis,
tory processes and in the development of head and neck cancer, and heatstroke [13-16].
bone destructive diseases, such as arthritis, STAT3 knock-out mice show an osteoporotic
Alzheimer’s disease, and osteosarcoma [2-4]. phenotype [17]. Through the JAK2/STAT3 path-
Juglanin represses the inflammatory response way, leukemia inhibitory factor enhances fibro-
and apoptosis in rats with hepatitis induced by blast growth factor-stimulated IL-6 synthesis in
lipopolysaccharide (LPS) for fructose feeding osteoblast; thus, the JAK2/STAT3 pathway par-
via the JAK2/STAT3 signaling pathway [5]. JAK2 ticipates in the homeostasis of bone [17, 18].
can be used by a substantial number of key JAK2-STAT3 elicits a pro-inflammatory respon-
class | cytokine receptors for signaling, such as se in electromagnetic field (EMF)-stimulated
growth hormone (GH) , erythropoietin, interleu- microglia and may thus be a therapeutic target
kin (IL)-3, IL-6, interferon-y, and leptin [6-8]. GH for reducing the pro-inflammatory response of
can regulate bone growth and bone metabo- EMF-activated microglial cells [19].
lism via the activation of JAK2 [9]. The lack of
GH can affect the immune system and bone The protein called suppressor of cytokine sig-
density [10]. Leptin can increase the amount of naling 3 (SOCS3) is the inhibitor of JAK2/STAT3

B cells expressing CD25 and human leukocyte and can induce a loss of STAT3 activity. This
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Figure 1. Histological observations of tissues both from the healthy and peri-
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Materials and methods

apical granuloma groups using H E staining. A. A small number of infiltrating

inflammatory cells were observed in the healthy group specimens. B. Numer-
ous infiltrating inflammatory cells, capillaries, and fibroblasts were observed

Experimental design

in the periapical granuloma specimens. (original magnification, x400).

process mainly occurs when SOCS3 accumu-
lates and the binding of SOCS3 to JAK2 and
TYK2 is reinforced and causes the ubiquitina-
tion and degradation of JAK2 and TYK2 [20].

STAT3 is an oncogene and can be used as a
therapeutic target in many neoplastic diseases,
and the inhibitor of JAK2/STAT3 can function as
a potential therapeutic strategy for patients
with osteosarcoma [3].

The above evidence suggests that the JAK2/
STAT3 pathway is involved in the inflammatory
development of various diseases and is an
essential component of osteoclast activation in
pathological bone resorption, and SOCS3 may
disrupt some inflammatory processes.

Apical periodontitis is a common oral disease
that is mainly caused by the accumulation
of bacteria in the pulp. If these bacteria remain
untreated, they proliferate further, causing
numerous inflammatory cells to infiltrate ar-
ound the root apex and numerous osteoclasts
to accumulate around the root apex, thereby
leading to bone destruction and apical peri-
odontitis development [21]. Diverse inflamma-
tory mediators and osteoclastic factors, such
as IL-27, the cytokine receptor activator of
nuclear factor kB-ligand (RANKL), and the toll-
like receptor (TLR)-4, are associated with peri-
radicular lesions [22-24]. Despite increasing
knowledge of the pathogenesis of periapical
lesions, the exact regulatory cytokines associ-
ated with periapical potential pathological
mechanisms during its development remain
unclear. To our knowledge, no study on the role
of JAK2/STAT3/SOCS3 in the development of
apical periodontitis has been conducted. In this
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40 patients (16 females and

24 males with ages ranging
from 18 to 40) who had visited the dental cl-
inic of Qingdao University Affiliated Hospital
between June 2016 and February 2017 were
enrolled in this study. Patients who were preg-
nant, who had a systematic or infectious dis-
ease, or who had taken antibiotic therapy in the
last 6 months were excluded. There were no
statistically significant differences in sex and
age between the groups in this study. The
experimental protocol was approved by the
Ethical Committee on Human Rights Related to
Human Experimentation, Qingdao University.
The participants were informed of the risks and
benefits and signed an approved informed con-
sent document prior to enroliment.

The tissues were divided into two groups
according to established criteria, such as X-ray
results, operative exploration, and histopatho-
logical findings.

Samples from the healthy control group were
extracted from the periodontal membranes of
premolars extracted for orthodontics; the pre-
molars exhibited healthy periapical tissues and
complete root formation. The inclusion criteria
were as follows: (D the presence of vital teeth;
2 the absence of a low-density radiolucent
shadow or a high-density radiolucent shadow in
the X-ray examination results; 3 a smooth and
continuous edge of the periodontal ligament,
and the absence of injury in the extraction pro-
cess; and @ the absence of significant capil-
lary hyperplasia and inflammatory cell infiltra-
tion under histological observation.

In the periapical granuloma group, samples
were extracted from the periapical tissues of
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Figure 2. Immunohistochemical observations of tissues from both the healthy and periapical granuloma groups. A. Aimost no JAK2-positive cells were stained in
specimens from the healthy group. B. Slight immunoreactions for p-JAK2 occurred in the healthy group specimens. C. A small number of STAT3-positive cells were
observed in healthy group specimens. D. A few p-STAT3-positive cells were stained in the healthy specimens. E. A small number of SCOS3-positive cells were stained
in the healthy group specimens. F. Numerous JAK2-positive cells were stained in specimens from the periapical granuloma group. G. Intense immunoreactions for
p-JAK2 occurred in the periapical granuloma group. H. A large number of STAT3-positive cells were stained in the periapical granuloma specimens. |. Many p-STAT3-
positive cells were observed in periapical granuloma specimens. J. Numerous SCOS3 -positive cells were stained in the periapical granuloma specimens. (original
magnification, x400).
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Table 1. Number of JAK2, P-JAK2, STAT3, P-STAT3 and SOCS3-positive Cells per 100 cells (x400)

Each Group (MeantStandard Deviation)

Group N JAK2 cells/hpf P-JAK2 cells/hpf STAT3 cells/hpf P-STAT3 cells/hpf SOCS3 cells/hpf

Control 20 10.95+2.58"
Experimental 20  68.3+7.80"

11.6+3.60"
69.554+6.87"

21.95+4.51"
56.75+7.79"

8.40+3.08"
56.90+5.01"

3.30+1.53"
45.9+5.33"

Statistical analysis was performed by using a t-test. “"Means P<0.05, Control group versus the Experimental group.

the patients with untreatable periapical diseas-
es. The tissues had no retention value. The
inclusion criteria were as follows: (D teeth with-
out value; @ X-ray image showing the presence
of an ovoid or round low-density radiolucent
shadow in the teeth root apex; 3 the presence
of periapical solid soft-tissue lesions during
tooth extraction; and @ histological observa-
tions revealing apical granuloma, capillary
hyperplasia, and inflammatory cell infiltration.

Immunohistochemistry

Tissues were extracted from patients and then
fixed in 10% buffered formalin for 24-48 h. The
specimens were dehydrated and embedded in
paraffin. Sections (4 um) of fixed embedded
specimens were cut, placed on glass slides,
and deparaffinized. Rabbit polyclonal antibod-
ies against JAK2 (elabscience, E-AB-15734),
STAT3 (elabscience, E-AB-15734), p-JAK2 (elab-
science, E-AB-21017), P-STAT3 (elabscience,
E-AB-32981) and SOCS3 (Abcam, 16030) were
used as primary antibodies at 4°C overnight.
The sections were washed and stained with an
SP kit (ZSGB-BIO) in accordance with the manu-
facturer's manual. Adequate washing of the
slides with fresh water was required for each
step, and 3,30-diaminobenzidine (ZSGB-BIO)
was used as chromogen. The slides were coun-
terstained with hematoxylin. The stained speci-
men sections on the slides were analyzed
under a microscope.

Double immunofluorescence labeling

The sections were rehydrated and then treated
with 0.3% Triton X-100 (Sigma-Aldrich) for 5 min
at room temperature. Bovine serum albumin
(1%) was used for preventing unspecific stain-
ing for 1.5 h. The sections were then incubated
at 4°C overnight with JAK2 rabbit polyclonal
antibody, and then subjected to Alexa Fluor
555 labeling of donkey against rabbit IgG (H+L)
(Beyotime Biotechnology, Shanghai, China).The
process was repeated for the mouse polyclonal
antibodies against human STAT3 for 1 h at
37°C, and then Alexa fluor 488-labeled goat
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anti mouse IgG (H+L) (Beyotime Biotechnology,
Shanghai, China) was added for 1 h at room
temperature. Subsequently, the nuclei were
revealed after counterstaining 40,6-diamidino-
2-phenylindole. A fluorescent microscope with
a camera was then used for obtaining figures.
The tissue sections were observed by two blind-
ed researchers using a fluorescence micro-
scope with a camera (Leica, Wetzlar, Germany).

Cell counting and statistical analysis

In each specimen, JAK2-, STAT3-, p-JAK2-,
p-STAT3-, and SCOS3- positive cells were
counted under high-power magnification
(400x). Counting was performed by two blinded
observers randomly picking up 5 visual fields in
the areas. The data of this study were present-
ed as the meanzstandard deviation (SD) and
analyzed using SPSS16. The significance level
was set to two sided. Values with P<0.05 at
a=0.05 were considered significant. A t-test for
equality of means was applied in the compari-
son of the average densities of the JAK2-,
STAT3-, p-JAK2-, p-STAT3-, and SCOS3-positive
cells. A correlation analysis was performed
between JAK2 and STAT3, P-JAK2 and P-STAT3
in periapical granuloma tissues, respective-

ly.
Results
Histological observation

Only slight inflammatory cell infiltration was
observed in the healthy tissues (Figure 1A), but
thin-walled capillaries and hyperplastic fibro-
blasts and extensive inflammatory cell infiltra-
tion were observed in the granulomatous tis-
sues (Figure 1B).

Immunohistochemical observation

The JAK2-, STAT3-, p-JAK2-, p-STAT3-, and
SCOS3-positive cells were stained brown via
immunohistochemical staining. The JAK2-,
STAT3-, p-JAK2-, p-STAT3-, and SCOS3-positive
cells could be observed in both healthy (Figure
2A-E) and periapical (Figure 2F-I) tissues. The
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Figure 3. Correlation analysis between JAK2 and STAT3 (A, B).

number of JAK2-, STAT3-, p-JAK2-, p-STAT3- and
SOCS3-positive cells was significantly increa-
sed in the lesion tissues. Statistically signifi-
cant differences are listed in Table 1. A correla-
tion analysis shows that there is a significant
correlation between JAK2 and STAT3 (R=0.912)
and between p-JAK2 and p-STAT3 (R=0.917),
as shown in Figure 3A, 3B.

Double immunofluorescence labeling

Double immunofluorescence staining result-
ed in JAK2-positive (Red) and STAT3-positive
(Green) cells in the healthy group (Figure 4A-D)
and the periapical granuloma group (Figure
4E-H). The merged image indicates that some
of the JAK2-positive cells were positive for
STAT3.

Discussion

Apical periodontal diseases involve the inflam-
mation and destruction of periapical tissues,
and inflammatory responses occur as a conse-
quence of endodontic pathogens. Bacteria and
bacterial toxin lead to the infiltration of inflam-
matory cells and the production of a proinflam-
matory cytokine reaction, ultimately stimulat-
ing the formation of granulomas and cysts and
bone destruction [25]. Many inflammatory cyto-
kines and osteoclastic factors participate in
the inflammatory response of periapical dis-
ease, such as IL-27 and RANKL [22, 23]. In the
current study, we speculated that JAK2/STAT3
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plays an important role in the pathogenesis of
apical periodontitis.

The JAK2/STAT3 signal transduction pathway is
involved in the development of inflammation
and the osteoclast activity of cells [3, 19].
Western blot results of EMF-treated N9 microg-
lial cells show a significant increase in p-JAK2
and p-STAT3, suggesting that the JAK2-STAT3
pathway promotes pro-inflammatory responses
in EMF-stimulated microglial cells [19]. As an
anti-proinflammatory propound, swertiamarin
helps reduce the inflammation of the experi-
mental adjuvant arthritis animal model by the
inhibition of JAK2/STAT3 and NF-kB/IkB [2].
Hydroxy-safflor yellow A protects the induced
Alzheimer’'s disease model by inhibiting the
inflammatory response, and this process may
involve the JAK2/STAT3/NF-kB pathway [26].

In the immunohistochemical observation in the
current study, numerous JAK2-, p-JAK2-, STAT3-
, and p-STAT3-positive cells were observed in
the periapical lesions. The double immunofluo-
rescence labeling result also showed numer-
ous JAK2- and STAT3-positive cells in periapical
disease. Only a few JAK2-, p-JAK2-, STAT3-, and
p-STAT3-positive cells could be found in healthy
tissues. These results may indicate that JAK2
and STAT3 work together to participate in the
inflammatory process of periapical lesions. A
connection between JAK2/STAT3 and the peri-
apical lesion inflammatory process exists.

Int J Clin Exp Pathol 2019;12(1):190-197
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Figure 4. Double immunofluorescence staining observations for the healthy group and the periapical granuloma
group. Immunofluorescence staining for the JAK2- and STAT3-positive cells was conducted followed by Alexa Fluor
555 labeling of donkey against rabbit IgG (H+L) (red) and Alexa Fluor 488-labeled goat anti mouse I1gG (H+L) (green).
Nuclear counterstaining was performed using 40,6-diamidino-2-phenylindole (blue). A. Slightly JAK2-positive cells
were observed in the healthy control group. B. Minimal intense immunoreactions for STAT3-positive cells were also
found in healthy control group. C. Nuclears were stained for the healthy control group. D. The merged image indi-
cates that some JAK2-positive cells are positive for STAT3. E. Intense immunoreactions for JAK2-positive cells were
observed in periapical granuloma group. F. Numerous STAT3-positive cells were also found in periapical granuloma
group. G. Nuclears were stained for granuloma group. H. The merged image suggests that most JAK2-positive cells

are also positive for STAT3 (x200).

PCR and Western blot results showed that by
JAK2/STAT3 activation, leptin can stimulate
human B cells to secrete inflammatory cyto-
kines and participate in an inflammatory re-
sponse, but the ability is lost when the JAK2/
STAT3 inhibitor is added [11]. We found that
the expression of SOCS3 was higher in the
experimental group. The increased expression
of SOCS3 may be the result of the increased
expression of STAT3. The increase of SOCS3
may reduce the activation of STAT3 and thus
reduce inflammation, which may explain the
inhibitory effect of SOCS3 on the JAK2/STAT3
pathway and the protective role of SOCS3 on
inflammation.

The observations reported in this paper dem-
onstrate the increased expression of JAK2 and
STAT3 in chronic periapical disease. Although
some significant results were obtained, some
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limitations in the present study must be
addressed. This study mainly detected the
expression of JAK2, STAT3, and SOCS3 and
described their role in chronic periapical dis-
ease. However, the specific mechanisms in-
volved in the processes remain elusive, and
further investigations are still necessary.
Further studies on the pathogenic mechanism
of periapical periodontitis will be summarized
in our next study.
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