Research Reports: Biological

Journal of Dental Research
2020, Vol. 99(5) 577-587

Aktz Affe cts Pe ri Od (o) ntal I nﬂ amm atio n © International & American Associations

for Dental Research 2020

via Altering the M1/M2 Ratio Article reuse gidelines:

sagepub.com/journals-permissions
DOI: 10.1177/0022034520910127
journals.sagepub.com/home/jdr

X. Wu!, H. Chen!, Y. Wang?, and Y. Gu'

Abstract

Periodontitis is a bacteria-driven inflammatory destructive disease that leads to attachment loss, bone resorption, and even tooth loss.
Accumulating studies revealed that macrophages might play an nonnegligible role during the processes of periodontitis. However, the
underlying mechanism remains largely unknown. In this study, we found novel Akt2/JNKI1/2/c-Jun and Akt2/miR-155-5p/DET I/c-Jun
signaling pathways that regulated the polarization of macrophages and altered periodontal inflammatory status. Through hematoxylin
and eosin, immunostaining, and immunofluorescence staining of clinical specimens, a higher number of M| phenotype macrophage
infiltration was found in periodontitis than in normal controls. Flow cytometry and immunofluorescence showed that overexpression
of Akt2 in RAW 264.7 cells induced M| macrophage polarization and decreased M2 polarization, while knockdown of Akt2 exerted an
opposite effect. Furthermore, overexpression of Akt2 activated the JNK pathway and then increased the release of proinflammatory
mediators, while knockdown of Akt2 downregulated the above genes accordingly. Importantly, the macrophage polarization and the
subsequent alteration of pathway molecules induced by overexpression of Akt2 could be rescued by Akt2 and JNK inhibitors. Moreover,
JNK inhibition could facilitate M2 polarization of macrophages. In a mouse periodontitis model, the novel signaling pathway as well as
clinical phenotype was further verified. Inhibition of Akt2 facilitated macrophage M2 polarization and rescued the bone loss due to
periodontitis. Collectively, we identified novel Akt2/[NK1/2/c-Jun and Akt2/miR-155-5p/DET |/c-Jun signaling pathways that regulate
macrophage polarization and highlight that Akt2 inhibition promotes M2 polarization of macrophages and can be a novel potential
candidate in the treatment of periodontitis.
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Introduction accumulating evidence indicates diverse biological functions
of distinct macrophage phenotypes, their specific role in the
progression of periodontitis remains elusive. Most studies have
revealed that M1 phenotype macrophages are predominant in
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Periodontitis is a bacterially induced inflammatory disease,
which leads to progressive destruction of periodontium (Li
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etal. 2019), while some studies uphold enhanced expression of
M2 macrophage-associated markers (Gheren et al. 2008;
Navarrete et al. 2014). In consideration of the complexity of
macrophage polarization in periodontitis, the M1/M2 ratio has
been proposed (Yang et al. 2018; Zhou et al. 2019). Some stud-
ies have implied that the M1/M2 ratio was significantly higher
in patients with chronic periodontitis (Yang et al. 2018; Zhou
et al. 2019), but other reports have revealed that the ratio in
periodontitis was similar to that in healthy tissues (Garaicoa-
Pazmino et al. 2019). Considering that the reparative role of
macrophage M2 polarization in autoimmune diseases and
inflammatory diseases, it is necessary to investigate whether
macrophage M2 polarization can be a novel approach in the
treatment of periodontitis and whether induction of macro-
phage M2 polarization can attenuate the destruction of
periodontitis.

Accumulating evidence shows that the PI3K/Akt signaling
pathway is sensitive to the changes of microenvironment, and
activation of PI3K/Akt signaling is critical for cellular sur-
vival, proliferation angiogenesis, and tumorigenesis (Engelman
et al. 2006; Li et al. 2015). In the past decades, studies have
illuminated the critical role of the activation of the PI3K/Akt
signaling pathway in inducing macrophage M2 polarization
(Li et al. 2015; Cheng et al. 2017).

However, Akt2, a subset of the Akt family that includes 3
isoforms called Aktl, Akt2, and Akt3 (Cole et al. 2019), has
been implied to work adversely in recent years. Studies implied
that inhibition of Akt2 might induce macrophage M2 polariza-
tion, which is different from traditional views (Kuijl et al. 2007,
Androulidaki et al. 2009; Arranz et al. 2012). However, the role
of Akt2 in the process of macrophage polarization and its poten-
tial mechanism has yet to be illuminated in periodontitis.

Accordingly, this study aimed to clarify roles of Akt2 in the
polarization of macrophages and its potential mechanisms in
modulating the local inflammatory environment of periodonti-
tis. We hypothesized that selective inhibition of Akt2 could
induce macrophage M2 phenotype polarization and reverse
locally the proinflammatory microenvironment in periodonti-
tis. To assess this hypothesis, selective knockdown or overex-
pression of Akt2 has been performed and the phenotype of
macrophages and their underlying signaling pathways have
been investigated.

Materials and Methods

Gingivae Sample Collection

Gingival tissues were collected from patients seeking dental
treatment at Peking University School and the Hospital of
Stomatology with informed consent. Our work has been
approved by the Biomedical Ethics Committee of Peking
University School and Hospital of Stomatology (PKUSSIRB
2016-29 and PKUSSIRB-201951179). For the control group,
periodontal probing depth had to be less than 3 mm, with a gin-
gival bleeding index (BI) <1, no attachment loss, more than 20
teeth, and no alveolar bone loss on radiographic examination

(distance between enamelo-cemental junction and alveolar
bone crest less than 2mm). The control group mainly included
patients who received gingivectomy or crown lengthening dur-
ing orthodontic or prosthodontic treatment. For the periodonti-
tis group, periodontal probing depth had to be more than 6 mm,
clinical attachment loss had to be more than 3 mm with a BI >2
(Mazza et al. 1981; Garaicoa-Pazmino et al. 2019; Wang et al.
2019; Gao et al. 2020), and obvious bone loss had to be
observed on radiographic examination. All patients had to con-
form to the criteria as follows: 1) no cigarette smoking, 2) no
systemic diseases that might influence the periodontal condi-
tion, 3) no anti-inflammatory medication intake during the past
3mo, 4) no periodontal treatment during the past 6mo, and 5) not
pregnant or breastfeeding. The above criteria were formulated
according to published work (Garaicoa-Pazmino et al. 2019). Six
control and 6 periodontitis biopsies were collected, which
included 3 male and 3 female patients, ages 18 to 40 y. After col-
lection, gingival samples were fixed in 4% paraformaldehyde
solution for 24 h, which were dehydrated, embedded in paraffin,
and sectioned to 5 um subsequently.

Hematoxylin and Eosin, Inmunostaining,
and Immunofluorescence Staining

Hematoxylin and eosin (HE), immunostaining, and immuno-
fluorescence staining were processed according to the pub-
lished work (Zhuang et al. 2019). Briefly, 5 sections from each
group were processed. For immunostaining, CD68 (dilution
1:200; Affinity BioScience), CD86 (dilution 1:80; Affinity
BioScience), and CD163 (dilution 1:400; Bioss) were selected
to detect M1 and M2 polarized macrophages. IL-1f (dilution
1:100; Abcam) and IL-10 (1:100; Santa Cruz) were used to
observe the inflammatory status. For immunofluorescence
staining, CD68 (Santa Cruz), phosphorylated (p)-Akt2 (Bioss),
phosphorylated (p)-JNK (Affinity BioScience), CD86 (dilu-
tion 1:80; Affinity BioScience), and CD163 (dilution 1:400;
Bioss) were applied. Details are illustrated in the Appendix.

Cell Culture, Transfection, Infection,
and Polarization of Macrophages

A macrophage cell line RAW 264.7 was used to investigate the
effects of Akt2/JNK on macrophage polarization in this study.
Details about cell culture, transfection, infection, and polariza-
tion are described in the Appendix.

Flow Cytometry, Quantitative Real-Time
Polymerase Chain Reaction, and Western Blot

Flow cytometry, immunofluorescence, quantitative real-time
polymerase chain reaction (QRT-PCR), and Western blot were
processed as described previously (Wu et al. 2018; Lu et al.
2019; Zhuang et al. 2019). Details are illustrated in the
Appendix. The sequences of target-specific primers are listed
in Appendix Table 1.
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Murine Ligature-Induced Periodontitis Model
and Treatment

Animal experiments were examined by the Biomedical Ethics
Committee of Peking University (No. LA2019092). Male
C57BL/6 mice aged 6 wk were randomly divided into 3 groups
with 5 mice in each group. After general anesthesia, sterile silk
ligatures (5-0) were placed at the cervical areas of mice maxil-
lary second molars. The silk ligatures were removed immedi-
ately in the control group, while ligatures were kept in site for
a week in the experimental periodontitis group and interven-
tion group. During the experiment, the intervention group was
injected with Akt2 inhibitor CCT128930 (100uM, 5uL)
locally in the periodontal region daily. The injection began on
the day that the ligatures were installed. The control group was
injected with normal saline with the same volume. At 7d post-
operation, mice were euthanized via overdose injection of
sodium pentobarbital. Maxilla were removed carefully with
surrounding tissues and fixed in 4% paraformaldehyde solu-
tion for 24h for micro—computed tomography (CT) analysis,
HE, immunostaining, and immunofluorescence staining.

Statistical Analysis

All numerical data are expressed as mean + standard deviation.
Experiments were repeated at least 3 times. Statistical differ-
ences between groups were compared using 1-way analysis of
variance (ANOVA) and Tukey’s test (SPSS 13.0; SPSS, Inc.).
Differences were considered statistically significant at P<0.05.

Results

M1/M2 Phenotype Macrophage Infiltration
in Gingival Tissues of Periodontitis

HE staining revealed that, compared with healthy gingivae,
significantly higher amounts of inflammatory cells infiltration
could be observed in gingival tissues with periodontitis (Fig.
1A). Immunohistochemistry revealed higher expression of
IL-1p in periodontitis, while the difference in IL-10 expression
between periodontitis and control was not significant (Fig.
1A). Little macrophage infiltration (CD68") could be observed
in healthy gingival tissues, but the numbers of CD68* cells
were significantly higher in the periodontitis group (Fig. 1B,
C). The infiltration of both M1 polarized macrophages (CD86%)
and M2 polarized macrophages (CD163%) in periodontitis was
significantly higher than that in the healthy group (Fig. 1B, C).
Colocalization of CD68* and CD86" cells in the periodontitis
group could be observed, while the amounts of colocalized
CD68* and CD163* cells were less than CD86/CD68-positive
cells (Fig. 1C). The numbers of CD86* cells and CD163* cells
in the periodontitis group were 60.250 + 13.036 and 20.375 +
4.357, respectively (P<0.05; Fig. 1D). The M1/M2 ratio
(CD86*/CD163*) of the periodontitis group was also calcu-
lated to assess which phenotype was more predominant in peri-
odontitis, and the ratio was about 2.957. The above data

indicated that the M1 phenotype macrophage might be pre-
dominant in periodontitis. Immunofluorescence costaining
exhibited higher p-Akt2 and p-JNK expression in infiltrated
macrophages (CD68") of periodontitis (Fig. 1E, F), which
implied that phosphorylated Akt2 and JNK in infiltrated mac-
rophages could play vital roles in periodontitis.

Akt2 Inhibition Facilitates M2 Phenotype
Polarization of Macrophages

Akt2 was knocked down via specific small interfering RNA
(siRNA), and its efficiency and specificity have been examined
(P<0.05; Appendix Fig. 1 and Appendix Fig. 2). Flow cytom-
etry and immunofluorescence revealed that LPS stimulation
significantly increased the percentage of M1 polarized macro-
phages. However, Akt2 inhibition attenuated the effects of
LPS. The LPS-induced M2 phenotype polarization was not
significant, while the M2 phenotype macrophages were sig-
nificantly increased after Akt2 inhibition (Fig. 2A, B). qRT-
PCR revealed that LPS stimulation could markedly increase
the expression of M1 phenotype macrophage-associated genes,
including IL-1B, IL-6, iNOS, and TNF-a, while selective
knockdown of Akt2 could decrease their transcription (P <0.05;
Fig. 2C). In addition, Akt2 inhibition could rescue the reduc-
tion of Arg-1 induced by LPS (Fig. 2D). After M2 polarization
via IL-4 and IL-13 stimulation, flow cytometry and immuno-
fluorescence revealed a higher percentage of M2 phenotype
macrophages, which were further augmented after Akt2 inhibi-
tion. The percentage of M1 phenotype macrophages also
decreased after Akt2 inhibition (Fig. 2E, F). Moreover, qRT-
PCR and Western blot revealed significantly higher expression
of Arg-1 via IL-4 and IL-13 stimulation, which was further
increased after Akt2 inhibition (P<0.05; Fig. 2G, H).
Collectively, the above data implied that inhibition of Akt2
could facilitate M2 phenotype polarization of macrophages.

Overexpression of Akt2 Attenuates M2
Phenotype Polarization of Macrophages

Akt2 was overexpressed via a lentivirus-carrying Akt2 expres-
sion cassette. Successful transfection and its specificity were
checked via immunofluorescence, QqRT-PCR, and Western blot
(P<0.05; Appendix Fig. 3 and Appendix Fig. 4). Flow cytom-
etry and immunofluorescence of cells exhibited higher amounts
of M1 macrophages after LPS stimulation. Akt2 overexpres-
sion further increased the percentage of M1 macrophages and
decreased M2 macrophages (Figs. 3A and 4B). Moreover, the
transcription levels of IL-1f, IL-6, iNOS, and TNF-o. were
also augmented after Akt2 overexpression (P<0.05; Fig. 3C).
The expression of Arg-1 was attenuated via LPS stimulation,
which was further decreased after Akt2 overexpression (Fig.
3D). After M2 polarization, higher percentages of M2 pheno-
type macrophages were observed by flow cytometry and
immunofluorescence assays, and Akt2 overexpression could
reduce the percentage of M2 phenotype macrophages. In
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Figure |. The filtration of macrophage in the buccal surface of gingivae of periodontitis and its polarization. (A) Hematoxylin and eosin staining (scale
bar = 200 um) and immunohistochemistry staining (scale bar = 100 pm) of interleukin (IL)—1f and IL-10 in the gingivae of healthy individuals and those
with periodontitis. (B) Immunostaining of gingival tissues, in which CDé68 represents macrophage, CD86 represents M| phenotype macrophage, and
CD163 represents M2 phenotype macrophage. Scale bar = 100 um. (C) Representative images showing colocalization of CD86 (MI) and CD163 (M2)
positive cells with infiltrated macrophage (CD68") in healthy and periodontitis gingivae (scale bar = 50 um). (D) The number of M| and M2 phenotype
macrophages at 400x magnification of healthy individuals and those with periodontitis based on immunostaining results of CD68, CD86, and CD163.
(E, F) Representative images showing p-Akt2 and p-JNK expression in infiltrated macrophages in healthy and periodontitis gingivae (scale bar = 50 um).
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Figure 2. Knockdown of Akt2 promotes M2 polarization of macrophages. Cells were transfected with siNC and siAkt2, respectively, and exposed to
lipopolysaccharide (LPS) for 12h. (A) CD86-APC and CD163-PE were stained for flow cytometry analysis. (B) Immunofluorescence staining of CD86
and CD 163 was processed to evaluate the polarization of macrophages. Scale bar = 20 pm. (C) Quantitative real-time polymerase chain reaction (qRT-
PCR) assays were processed to observe the influence of Akt2 inhibition on the expression of M| phenotype-associated genes, including interleukin
(IL)-1B, inducible nitric oxide synthase (iNOS), IL-6, and tumor necrosis factor—o (TNF-a). P<0.05 represents a significant difference between the
indicated groups. (D) Western blot was processed to detect the expression of Arg-1. Cells were transfected with siNC and siAkt2, respectively,

and exposed to IL-4 and IL-13 for 12h. (E) Flow cytometry and (F) immunofluorescence staining were processed to analyze the polarization of
macrophages. Scale bar = 20 um. (G) qRT-PCR and (H) Western blot were processed to detect the expression of Arg-1. P<0.05 represents a
significant difference.
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Figure 3. Overexpression of Akt2 promotes M| polarization of macrophages. Akt2 was stably overexpressed in RAW 264.7 cells via lentivirus
infection and exposed to lipopolysaccharide (LPS) for 12h. (A) CD86-APC and CD63-PE were stained for flow cytometry analysis. (B)
Immunofluorescent staining of CD86 and CD 163 was processed to evaluate the polarization of macrophages. Scale bar = 20 um. (C) Quantitative
real-time polymerase chain reaction (QRT-PCR) assays were processed to observe the influences of Akt2 overexpression on the expression of

M1 phenotype-associated genes, including interleukin (IL)-1p, inducible nitric oxide synthase (iNOS), IL-6, and tumor necrosis factor—o (TNF-a).
P<0.05 represents a significant difference between the indicated groups. (D) Western blot was processed to detect the expression of Arg-1. Cells
were exposed to IL-4 and IL-13 for [2h. (E) Flow cytometry and (F) immunofluorescence staining were processed to analyze the polarization of
macrophages. Scale bar = 20 pm. (G) qRT-PCR and (H) Western blot were processed to detect the expression of Arg-1. P<0.05 represents a
significant difference.
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Figure 4. Akt2 regulates macrophage polarization through Akt2/JNK1/2/c-Jun and Akt2/miR-155/DET | /c-Jun signaling pathways. Western blot exhibited
that both under the M|-promoting environment (A) and M2-promoting environment (B), overexpression of Akt2 resulted in higher expressions of
p-JNK1/2 and p-Akt2, while inhibition of Akt2 could attenuate the phosphorylation levels of JNK1/2 and Akt2. Akt2 overexpression-induced signaling
pathway alteration could be rescued by the Akt2 inhibitor (C) and JNK inhibitor (D). RAW 264.7 cells were pretreated with JNK-IN-7 and exposed to
interleukin (IL)—4 and IL-13 for 12h. (E) CD86-APC and CD163-PE were stained for flow cytometry analysis. (F) Quantitative real-time polymerase chain
reaction (QRT-PCR) assay was processed to detect the expression of Arg-1. P<0.05 represents a significant difference. qRT-PCR assay revealed that Akt2
inhibition could attenuate the expression of both miR-155-3p and miR-155-5p (G), while Akt2 overexpression exhibited opposite effects (H). P<0.05
represents a significant difference. DET| expression under the treatment of mimics and inhibitors of miR-155-3p (I) and miR-155-5p (J) was examined

via Western blot. (K) Western blot revealed that Akt2 inhibition could increase the expression of DET| and decrease the expression of both total and
phosphorylated c-Jun. (L) Overexpression of Akt2 upregulated p-c-Jun. (M) Diagram illustrates that Akt2 could influence the polarization of macrophages
and modulate inflammatory diseases such as periodontitis via the Akt2/JNK1/2/c-Jun and Akt2/miR-155/DET I/c-Jun signaling pathways.
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addition, Akt2 overexpression increased the percentage of M1
phenotype macrophages (Fig. 3E, F). Compared with control,
qRT-PCR and Western blot revealed higher expression of
Arg-1 after M2 polarization, which was decreased after Akt2
overexpression (P<0.05; Fig. 3G, H). The above data further
demonstrated the effect of Akt2 on macrophage polarization.

Akt2 Regulates Inflammatory Environment
via the INK /2 Signaling Pathway

To explore the underlying mechanism of Akt2 in macrophage
polarization, Western blot was performed. The results showed
that, under an M1 polarization-inducing environment, Akt2
inhibition could significantly decrease the expression of
p-Akt2 and p-INK1/2 (Fig. 4A, left row). In accordance with
the results of Akt2 inhibition, Akt2 overexpression exhibited
higher expression of p-Akt2 and p-JNK1/2, which indicated a
more grievous inflammation status than others (Fig. 4A, right
row). However, the influence of Akt2 on Erk1/2 and the P38
signaling pathway were not obvious (Fig. 4A). The expression
of Akt2 and JNK1/2 signaling also has been investigated under
the M2 polarization-inducing condition, and results were in
accordance with LPS stimulation (Fig. 4B). These implied that
Akt2 modulated the inflammatory environment via the JNK1/2
signaling pathway. CCT128930, an Akt2 inhibitor, could res-
cue the higher expression of p-Akt2 and p-JNK1/2 induced by
Akt2 overexpression (Fig. 4C). The specificity of CCT128930
was investigated (Appendix Fig. 5). Moreover, the JNK inhibi-
tor, JNK-IN-7, could only rescue the expression of p-JNK1/2
but had little influence on Akt2 expression and its phosphory-
lation (Fig. 4D). JNK inhibitor JNK-IN-7 was applied to vali-
date whether JNK inhibition could facilitate macrophage M2
polarization. Flow cytometry and qRT-PCR results showed
that IL-4 and IL-13 stimulation could increase Arg-1 expres-
sion as well as the percentage of M2 polarized macrophages,
which was further increased via JNK-IN-7 treatment (P<0.05;
Fig. 4E, F). The results indicated that inhibition of INK1/2 sig-
naling could promote macrophage M2 polarization.

Akt2 Might Inhibit INK Signaling via
the miR-155-5p/DET | /c-Jun Signaling Axis

Under LPS stimulation, Akt2 inhibition resulted in a signifi-
cant decrease in miR-155-3p and miR-155-5p expression
(P<0.05; Fig. 4G), while Akt2 overexpression exhibited a
higher expression of miR-155-3p and miR-155-5p (P<0.05;
Fig. 4H). Western blot revealed that miR-155-3p mimics and
miR-155-3p inhibitors failed to influence the expression of
DET]1 (Fig. 4I). However, miR-155-5p mimics clearly inhib-
ited the expression of DET1, and miR-155-5p inhibitors could
augment the expression of DET1 (Fig. 4J). Moreover, Akt2
inhibition significantly increased DET1 expression and
decreased expression of total and phosphorylated (p) c-Jun, the
target of DET1 (Fig. 4K). Overexpression of Akt2 upregulated
p-c-Jun (Fig. 4L). Based on the above data, the regulatory
mechanism was deduced in Figure 4M.

Akt2 Inhibition Facilitates M2 Phenotype
Macrophage Infiltration and Prevents the Bone
Loss of Ligature-Induced Periodontitis in Mice

Silk ligature-induced periodontitis of maxillary second molars
has been constructed. Akt2 inhibitor CCT128930 was injected
locally in the silk ligatures (ligature induced periodontitis
[LIP]) + CCT128930 group every day. At 7d postoperation,
3-dimensional reconstruction and X-ray revealed that the
height of alveolar bone in the periodontitis group was signifi-
cantly lower than in control and LIP + CCT128930 groups
(Fig. 5A). The decrease of bone volume/total volume
(BV/TV) in the LIP group was prevented via CCT128930
injection (P<0.05; Fig. 5B). HE staining revealed significant
alveolar bone loss in the LIP group, and the alveolar
bone height and volume of the LIP + CCT128930 group
were higher than those of the LIP group (Fig. 5C).
Immunohistochemistry revealed that IL-1p expression was
significantly higher in the LIP group, while CCT128930
could significantly decrease its expression. Although IL-10
expression in control and LIP groups showed little difference,
CCT128930 injection could increase the expression of IL-10
(Fig. 5D). Macrophage infiltration could be observed in the
periodontium of all groups. However, the numbers of macro-
phages in periodontitis were greater than in control and
LIP + CCT128930 groups (Fig. 5E and Appendix Fig. 6).
Immunofluorescence double-staining revealed significantly
higher amounts of CD86*/CD68* cells in the LIP group, fol-
lowed by the LIP + CCT128930 group, and the control group
exhibited the least CD86/CD68* cells (Fig. SE). Compared
with control and LIP groups, CD163*/CD68* cells were sig-
nificantly higher in the LIP + CCT128930 group (Fig. 5F). The
results were further supported by immunostaining (Appendix
Fig. 6). Moreover, immunofluorescence costaining of p-Akt2/
CD68 and p-JNK/CD68 revealed that CCT128930 administra-
tion could attenuate the expression of p-Akt2 and p-JNK in
macrophages (Fig. 5G, H and Appendix Fig. 7B and D).
Immunohistochemistry also exhibited less expression of
p-Akt2 and p-JNK in the LIP + CCT128930 group than in the
LIP group (Appendix Fig. 7A, C). Collectively, the results
imply that Akt2 inhibition could facilitate macrophage M2
polarization via JNK signaling and prevent the bone loss due to
periodontitis.

Discussion

In this study, the novel Akt2/JNK1/2/c-Jun and Akt2/miR-155/
DET1/c-Jun signaling pathways have been unraveled in the
polarization of macrophages. Our initial research exhibited
higher expression of p-Akt2 and p-JNK in inflammatory
macrophages, which implied that these signaling pathways
were involved in the M1 polarization of macrophages.
Overexpression of Akt2 facilitates macrophage M1 polariza-
tion, while Akt2 inhibition could induce M2 polarization of
macrophages. Rescue studies have been processed and indicated
that Akt2 is upstream of JNK in macrophage polarization.



Akt2 Affects Periodontal Inflammation via Altering the M1/M2 Ratio 585

©

Control LIP LIP+CCT128930

HE

LIP+CCT128930

(B)
g
&
(E) Merge (F) CD163+ CD68 Merge
o o ....
N N ....
LIP LIP
+CCT128930 +CCT128930

(G) p-Akt2+ DAPI Merge (H) p-INK+ CD68 DAPI Merge
Control - Control

h . . - N ...
LIP LIP
+CCT128930 +CCT128930

Figure 5. Akt2 inhibition facilitates M2 phenotype macrophage infiltration and rescues the bone loss of ligature-induced periodontitis in mice.

(A) Representative X-ray and 3-dimensional reconstruction photos of control, ligature induced periodontitis (LIP), and LIP + CCT 128930 groups. (B)
Bone volume/total volume (BV/TV) of the above 3 groups is exhibited. (C) HE staining exhibited significant absorption of alveolar bones in the LIP
group and less alveolar bone loss in the LIP + CCT 128930 group. Scale bar = 500 um. (D) Immunohistochemistry staining of interleukin (IL)-Ip and
IL-10 in control, LIP, and LIP + CCT 128930 groups. Scale bar = 100 pm. Immunofluorescence colocalization staining of CD86"/CD68" (E) and CD163*/
CDé68" (F) cells in control, LIP, and LIP + CCT 128930 groups. Scale bar = 50 um. Immunofluorescence double staining of p-Akt2*/CD68" (G) and p-
JNK*/CDé68" (H) in control, LIP, and LIP + CCT 128930 groups. Scale bar = 20 um. Magnification: 200x (E, F) and 400x (G, H).
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c-Jun, a key molecule of the JNK1/2 pathway, is downstream
of INK. Our new findings revealed that overexpression of Akt2
could activate p-JNK as well as p-c-Jun. Akt2 inhibition could
attenuate the expression of p-JNK1/2 and p-c-Jun. In addition,
inhibition of Akt2 could downregulate miR-155-5p expres-
sion, which in turn upregulates its target DET1 expression.
DETI is an E3 ubiquitin ligase, which can degrade c-Jun,
finally leading to a decrease in phosphorylation of c-Jun and
inactivation of JNK signaling.

Our results are in line with previous studies. In a colitis
model, Fusobacterium nucleatum has been found to facilitate
colitis via activating Akt2 signaling and regulating macro-
phage M1 polarization, which indicated that regulation of Akt2
signaling could be a potential strategy to prevent the progres-
sion of inflammation (Liu et al. 2019). Marsolier’s research
revealed that miR-155 could suppress DET1 expression and
take part in the ubiquitination of c-Jun (Marsolier et al. 2013).
The study by Arranz et al. (2012) demonstrated that Akt2
knockout could decrease miR-155 expression and attenuate its
inhibition of C/EBPP, which in turn activates STAT3 and
induces macrophage M2 polarization in a dextran sulfate
sodium—induced colitis model.

Periodontitis is one of the most prevalent diseases in dental
clinics (Sun et al. 2017; Li et al. 2018; Renn et al. 2018).
Macrophage polarization has been proposed to be involved in
the progression of periodontitis. Controversies still exist about
which kinds of macrophages are predominant in periodontitis.
Through clinical samples investigation, our study revealed that
the infiltration of both M1 and M2 macrophages in periodonti-
tis was significantly higher than in the control group, while M1
phenotype macrophages were more dominant. Our data are in
accordance with the most studies (Hussain et al. 2016; Yu et al.
2016; 2018). In addition, inducing macrophage M2 polariza-
tion proved to be effective in the treatment of periodontitis in
this study. Collectively, the M1 macrophages should be the
predominant phenotype in periodontitis. To our knowledge, the
role of Akt2 in periodontitis has not been investigated before.

To confirm the effect of Akt2 on periodontitis, ligature-
induced periodontitis was generated in mice, and Akt2 inhibi-
tor CCT128930 was used to rescue the tissue absorption of
periodontitis. Our results revealed that CCT128930 could sig-
nificantly reduce the bone loss of periodontitis. Even though
there was no significant difference in BV/TV between the con-
trol and LIP + CCT128930 groups, a small amount of bone
loss could be observed. Considering the sterile silk was still
visible during the treatment, continuous stimulation, including
mechanical stimulation and bacterial stimulation, made it
impossible to totally reverse the inflammatory environment
and bone loss induced by periodontitis. However, the higher
expression of IL-10 and CD163* macrophages made us realize
the effects of Akt2 inhibition on the regulation of macrophage
M2 polarization and its role on the treatment of periodontitis.
Collectively, the study highlighted that Akt2 inhibition could
induce M2 phenotype polarization of macrophages and Akt2
could be taken as a promising target in the treatment of
periodontitis.

Conclusion

In this study, we deduced novel Akt2/INK1/2/c-Jun and Akt2/
miR-155-5p/DET1/c-Jun signaling pathways that can regulate
macrophage polarization and modulate the periodontal proin-
flammatory environment to an anti-inflammatory status
through inhibition of the Akt2 or JNK pathway. Specific inhi-
bition of Akt2 could be a promising strategy for the treatment
of periodontitis.
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