Received: 29 March 2019

Revised: 17 April 2019

Accepted: 23 April 2019

DOI: 10.1002/cre2.192

ORIGINAL ARTICLE

WILEY Clinical and Experimental Dental Research

OpenAccess

The relationship between T-helper cell polarization and the
RANKL/OPG ratio in gingival tissues from chronic periodontitis

patients

Chun-Sheng Bi | Li-Juan Sun | Hong-Lei Qu | Fang Chen | Bei-Min Tian | Fa-Ming Chen

State Key Laboratory of Military Stomatology
and National Clinical Research Center for Oral
Diseases, Department of Periodontology,
School of Stomatology, Fourth Military
Medical University, Xi'an, China

Correspondence

Fa-Ming Chen, Department of Periodontology,
School of Stomatology, Fourth Military
Medical University, Xi'an, China.

Email: cfmsunhh@fmmu.edu.cn

Funding information

National Natural Science Foundation of China,
Grant/Award Numbers: 81530050 and
81800971, Shaanxi Key Scientific and Tech-
nological Innovation Team, Grant/Award
Number: 2017KCT-32

Abstract

This study aimed to investigate the relationship between inflammation-related T-
helper cell polarization and the receptor activator for nuclear factor-kB ligand
(RANKL)/osteoprotegerin (OPG) ratio, which is associated with bone resorption or
remodeling of chronic periodontitis patients. Gingival crevicular fluid (GCF) and gingival
tissues were obtained from periodontally healthy individuals (PH group) and chronic
periodontitis patients (CP group). The GCF levels of IFN-y, IL-4, IL-17, and IL-10 linked
to T-helper cell polarization toward the Th1, Th2, Th17, and Treg phenotypes, respec-
tively, were determined by ELISA. The expression levels of these cytokines and the
polarized T-helper cells in gingival tissues were assessed through immunohistochemical
and immunofluorescence assays. In addition, the RANKL and OPG expression levels in
gingival tissues were detected by immunohistochemical assays, and linear regression
analysis was used to identify the potential relationship between T-helper cell polariza-
tion and the RANKL/OPG ratio. In total, 22 individuals and 35 patients were enrolled
in the present study. In both GCF and gingival tissues, increased levels of IL-17 and
the decreased levels of IL-4 and IL-10 were observed in the CP group. When polarized
T-helper cells were identified in gingival tissues, more Th1 and Th17 cells were found in
the CP group, whereas more Th2 and Treg cells were found in the PH group. Although
there was no significant difference in OPG expression between the two groups, the
RANKL/OPG ratio in the CP group was higher than that in the PH group. The linear
regression analysis showed that the presence of more Th1l and Th17 cells correlated
with a higher RANKL/OPG ratio, whereas the presence of more Th2 cells correlated
with a lower RANKL/OPG ratio. Th1 and Th17 cells are positively correlated and Th2
cells are negatively correlated with the RANKL/OPG ratio. Our data suggest that T-
helper cell polarization is closely linked to the RANKL/OPG ratio in gingival tissues from

chronic periodontitis patients.
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1 | INTRODUCTION

Periodontitis, caused by altered host-biofilm interactions in the gingi-
val crevice, is the most common infectious disease and leads to pro-
gressive alveolar bone destruction and eventual tooth loss in humans
(Barbato et al., 2015; Papapanou & Susin, 2017). Therefore, periodontal
bone resorption is closely linked to the host immune response to a
microbial challenge (Diaz-Zuiiga et al., 2017; Ghighi et al., 2018; Hienz,
Paliwal, & Ivanovski, 2015; Pan et al., 2018; Takayanagi, 2005). During
such pathological cascades, many immune cells polarize toward proin-
flammatory responses; for example, we previously reported increased
levels of M1 phenotypes of macrophages in inflammatory gingival tis-
sues (Zhou et al., 2019). Given the nature of the disease, it is essential
to regulate the immune response involved in periodontal reparative
events when designing new therapies for periodontitis (e.g., see Bi
et al,, 2019; He et al,, 2019; Ni et al., 2019; Wu et al., 2019; Yu, Wu,
Yin, & Chen, 2016). Periodontal pathogens also activate T cells, espe-
cially CD4+ T cells (T-helper cells), to develop into various subsets
and initiate the acquired immune response (Knight, Liu, Seymour,
Faggion, & Cullinan, 2016; Silva et al., 2015); subsequently, a spectrum
of proinflammatory cytokines are released, which induces tissue dam-
age and bone destruction (Hienz et al., 2015). It is now recognized that
CD4+ T cells also mediate host immune responses largely via the char-
acteristic cytokines produced by polarized CD4+ T cells, including T-
helper 1 cells (Th1 cells), T-helper 2 cells (Th2 cells), T-helper 17 cells
(Th17 cells), and regulatory T cells (Treg cells; Murphy & Reiner, 2002).

Generally, Th1 cell-derived cytokines, such as interferon-y (IFN-y)
and interleukin-12 (IL-12), are associated with postinfection tissue
destruction in periodontitis, while Th2 cell-derived cytokines, such as
IL-4, have been thought to be protective factors for the repair of bone
loss (Queiroz-Junior et al., 2010; Repeke et al., 2011). In recent years,
new CD4+ T cell subsets have been identified and demonstrated to
play important roles in regulating host responses; these subsets
include but are not limited to Th17, Th9, and Treg cells, which have
enriched the initial Th1/Th2 dichotomy paradigm and offered new
insights into the relationship between host immune responses and
periodontitis (Buduneli & Kinane, 2011; Jiger & Kuchroo, 2010;
Takayanagi et al., 2000). For example, the Th17 subset causes bone
destruction during osteolytic and infectious processes by secreting
proinflammatory cytokines, such as IL-17 and IL-21 (Bettelli, Korn, &
Kuchroo, 2007; Zhu & Paul, 2010), whereas Treg cells are useful for
bone repair, not only by warding off infection and weakening bacterial
virulence but also by diminishing host immune responses, which leads
to the incomplete elimination of some foreign agents. Interestingly,
the regulation of Th cell polarization either locally or systemically has
been demonstrated to inhibit bone loss in experimental periodontitis
(Bi et al., 2019). The involvement of Th17 and Treg subpopulations
in periodontal disease makes the inflammatory scenario of periodonti-
tis more complex; unfortunately, the protective or destructive roles of
Th17 and Treg cells, in addition to Th1 and Th2 cells, within the overall
framework associated with tissue destruction and disease progression
remain largely unexplored (Dar, Azam, Anupam, Mondal, & Srivastava,
2018; Garlet, 2010).

Bl ET AL

Given that the local ratio of receptor activator for nuclear
factor-kB ligand (RANKL) to osteoprotegerin (OPG) in periodontal tis-
sues has been an important hallmark for assessing the degree of bone
resorption and the pathological process of periodontitis (Bi et al.,
2019; Bostanci et al., 2007; Mogi, Otogoto, Ota, & Togari, 2004), we
designed this study to investigate the relationship between
inflammation-related T-helper cell polarization (e.g., Th1, Th2, Th17,
and Treg polarization) and the RANKL/OPG ratio based on gingival
crevicular fluid (GCF) and gingival tissues from periodontally healthy
(PH) individuals and patients with advanced chronic periodontitis
(CP). Our study will provide new clinical evidence concerning the
nexus between the immune response and bone destruction during

periodontal protective or destructive events.

2 | MATERIAL AND METHODS

2.1 | Study design and ethics

This investigation was a case-controlled, cross-sectional study. PH
individuals with clinical attachment level (CAL) < 1 mm and without
alveolar bone resorption on radiograph were assigned to the PH
group, and patients with a probing depth > 6 mm, CAL > 4 mm,
and bone absorption > half of the root length and who were diag-
nosed with severe CP according to the American Academy of Peri-
odontology 1999 criteria were allocated to the CP group. GCF and
gingival tissues from both groups were included to investigate how
inflammation-related T-helper cell polarization is involved in
periodontitis-associated bone resorption. This study was approved
by the Ethics Committee of Fourth Military Medical University. Sub-
jects who visited the Department of Periodontology in the
Stomatological Hospital of Fourth Military Medical University for
tooth cleaning or periodontitis-related reasons during a period of 7
months from March 2017 to September 2017 were asked to partic-

ipate in this study.

2.2 | Inclusion and exclusion criteria

Each participant involved in this study was required to have more
than 20 teeth in his or her mouth. The exclusion criteria for the par-
ticipants were as follows: (a) systemic disease affecting periodontal
status (e.g., immunological disorders, diabetes mellitus, and AIDS);
(b) a medical history of systemic antibiotic and nonsteroid anti-
inflammatory drug use during the previous 4 months for monitoring
or treatment procedures (e.g., heart conditions and joint replace-
ments); (c) pregnant or lactating, with nonsurgical periodontal treat-
ment within the past 6 months or surgical periodontal treatment
within the past 12 months; and (d) periapical inflammation, aggres-
sive periodontitis, smoking, long-term medication with contraceptive
and similar hormone compounds, salivary gland diseases, or ortho-

dontic treatment.
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2.3 | Enrollment of participants

The potential participants underwent a general oral examination,
including bleeding on probing, probing depth, gingival recession, and
CAL; those who were PH but had impacted mandibular third molars
and those who had advanced CP were screened for this study. Then,
the potential participants were informed of the purpose of this
research, and those who agreed to participate were asked to provide
written informed consent to contribute their GCF and gingival tissue
(the gingival tissue biopsies were over 1 mm x 1 mm x 1 mm and
obtained during periodontal surgery or tooth extraction) for subse-
quent investigations. The enrolled participants were divided into a

PH group and a CP group.

2.4 | Collection of GCF samples and gingival tissue
biopsies

GCF samples and gingival tissue biopsies from the PH group were
obtained from impacted mandibular third molars that were to be
extracted, and samples from the CP group were obtained from teeth
with severe periodontitis that were subjected to periodontal flap sur-
gery, gingivectomy procedures, or tooth extraction. GCF samples were
collected by PerioPaper Strips (Oraflow Inc., Smithtown, NY, USA) 2
weeks after supragingival scaling from the gingival sulcus between
the distal gingival flap and mandibular third molar for the PH group
and from the buccal aspect of mesial and distal sites of each selected
tooth for the CP group. Before GCF was obtained from the gingival
sulcus, the sampling tooth was dried by air syringe and isolated with
cotton rolls to avoid contaminating the strips with saliva. Then, the
strips were slowly inserted into the gingival sulcus or periodontal
pockets along the surface of the tooth root until resistance was
sensed for 30 s, avoiding blood contamination caused by any mechan-
ical bruising to the soft tissues. After the samples were weighed, the
weight of GCF absorbed by the strips was converted into the volume
using a factor of 1 pl/pg, and the strips obtained from each subject
were sealed in an Eppendorf tube with sufficient distilled water to
dilute the sample by a factor of 100. Finally, all tubes were vortexed,
centrifuged, and then stored at -80°C for further laboratory assays.
For gingival biopsies, the samples were obtained during periodontal
flap surgery, gingivectomy procedures, or tooth extraction. All har-
vested tissues were washed in saline, fixed in a 4% buffered formalin
solution for paraffin embedding, and then subjected to immunohisto-

chemistry and immunofluorescence assays.

2.5 | Cytokine levels in GCF: ELISA

GCF samples were assayed to determine the levels of IFN-y, IL-4, IL-
17, and IL-10 using enzyme-linked immunosorbent assay (ELISA) kits
according to the manufacturer's instructions. Anti-IFN-y (BMS228HS),
anti-IL-4 (BMS225HS), and anti-IL-10 (BMS215HS) antibodies were
obtained from eBioscience (San Diego, CA, USA), and an anti-IL-17
(BMS2017HS) antibody was obtained from BoYao (Shanghai, China).

OpenAccess

All ELISAs were repeated three times. Each standard curve was plot-
ted according to the color intensity of the different standard antigen
concentrations at 450 nm (BioTek, Winooski, VT, USA). Then, the con-
centrations of the four cytokines from all GCF samples were calcu-
lated according to standard curves and determined in picograms/ml
(pg/ml). Finally, the original cytokine concentrations in the GCF were
converted according to the dilution and determined in nanograms
(ng/mL).

2.6 | Immunohistochemical assay

Paraffin-embedded gingival tissue was used to obtain serial histologi-
cal sections (5 um) for deparaffinization and hydration (using xylene
and graded ethanol). After irrigation with deionized water, 0.3%
hydrogen peroxide was applied to block endogenous peroxidase activ-
ity. Then, antigen retrieval was performed using heated ethylenedi-
aminetetraacetic acid buffer to detect IL-10, and citric acid buffer
(pH 6.0) was used to detect other antigens (at 95°C for 20 min). Next,
4% goat serum in PBS (pH 7.4) was applied for serum blocking (at
room temperature in a wet box device for 1 hr). After removing the
serum blocking solution, all slides were incubated with primary anti-
bodies directed against IFN-y (GB11107; Servicebio, Wuhan, China)
in a 1:200 dilution, IL-4 (ab239508; Abcam, Cambridge, UK) at a con-
centration of 5 ug/mL, IL-17 (ab79056; Abcam) at a concentration of
5 ug/mL, IL-10 (ab134742; Abcam) at a concentration of 5 pg/mL,
OPG (ABC463; Millipore, Darmstadt, Germany) at a concentration of
5 pg/mL, or RANKL (HPA045142; Atlas Copco, Atlas, Sweden) in a
1:35 dilution (at 4°C overnight in a wet box device). After incubation
with the primary antibodies, 100 pl of diluted biotinylated goat sec-
ondary antibody (matched with the primary antibody) was applied to
the sections at room temperature in a wet box device for 1 hr. Subse-
quently, the sections were washed and incubated with streptavidin
conjugated to horseradish peroxidase for 30 min at room temperature
in a wet box device. Then, the slides were stained with diaminobenzi-
dine according to the kit instructions (G1211; Servicebio, Wuhan,
China) before counterstaining with hematoxylin. Meanwhile, an
isotype control was performed using the matched isotype primary
antibody, and a negative control was performed without the primary
antibody. Finally, images were obtained with a TH4-200 photo system
(Olympus, Japan) and analyzed by ImageJ software (National Institutes
of Health, Bethesda, MD, USA).

2.7 | Immunofluorescence assays

For immunofluorescence assays, gingival slides were dewaxed and
hydrated, and microwave antigen retrieval was performed in ethyl-
enediaminetetraacetic acid buffer (pH 9.0). Following serum blocking
(with 4% goat serum for 40 min), the sections were incubated with
the following combinations of primary antibodies: anti-CD4
(GB13064-1; Servicebio, Wuhan, China) and anti-IFN-y (ab9657;
Abcam, Cambridge, UK), anti-CD4 and anti-IL-4 (ab211212; Abcam),
anti-CD4 and anti-IL-10 (ab34843; Abcam), and anti-CD4 and anti-
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IL-17 (ab79056; Abcam) in a 1:100 dilution overnight at 4°C. After
primary antibody incubation, the slides were incubated with the fol-
lowing combination of secondary antibodies: Alexa Fluor 488-
conjugated goat anti-mouse (ab150117; Abcam) and Alexa Fluor
647-conjugated goat anti-rabbit (ab150083; Abcam) for 50 min in
the dark. Additionally, a control was performed by omitting the pri-
mary antibody. Then, the slides were stained with a 1:200 dilution
of 4'-6-diamidino-2-phenylindole (DAPI) solution (Sigma-Aldrich,
Louis, MO, USA) for 10 min in the dark. Finally, the stained cells
were visualized by fluorescence microscopy, and images were col-
lected (NIKON ECLIPSE C1, Nikon DS-U3, Japan).

2.8 | Statistical analysis

All the experiments were executed three times, and the data were
expressed as the mean * standard deviation (SD) and analyzed using
the SPSS 11.5 statistical package (SPSS Inc., Chicago, IL, USA). A chi-
square test was applied to test gender differences between the two
groups. Because the sample did not conform with the assumption of
a normal distribution, differences in the quantitative data between
the two groups were detected by Mann-Whitney U tests. The Spear-
man correlation test was applied to evaluate the relationship between
the RANKL/OPG ratio and Th1/Th2/Th17/Treg polarization. Statisti-

cal significance was indicated at a p value < .05.

3 | RESULTS

3.1 | Enrolled participants

A total of 57 subjects, including 22 PH individuals (PH group) and 35
chronic severe periodontitis patients, were enrolled in this study from

the initial pool of 621 primary participants (Figure 1). GCF and gingival
tissues were successfully obtained from these enrolled participants,
and their clinical parameters are shown in Table 1.

3.2 | RANKL and OPG in gingival tissue

RANKL and OPG in the gingival samples were detected by immuno-
histochemical staining, in which target proteins in the cells and
tissues, including epithelial tissues and deeper connective tissues,
were stained brown (Figure 2a). There were significantly more
RANKL-positive tissues in the CP group than in the PH group (p < .01;
Figure 2b). In terms of OPG staining, however, there was no significant
difference between the two groups (p > .05; Figure 2c). However, the
RANKL/OPG ratio in the CP group (1.02 + 0.33) was higher than that
in the PH group (0.88 + 0.24; p < .05; Figure 2d).

TABLE 1 Clinical parameters of the participants

Group PH CP

Number of participants 22 35

Age (years)® 372 +87 415 + 10.8
Gender (male/female) 10/12 19/16
Bleeding on probing (%)? NA 76 + 8.9
Gingival recession (mm)® NA 1.85 + 0.62
Probing depth (mm)? 2.4 +0.81 65+ 1.17*
Clinical attachment level (mm)? NA 54 +1.03

Abbreviations: PH, periodontally healthy group; CP, chronic periodontitis
group.
?Data are shown as the mean + standard deviation.

*p < .01 when compared with the PH group.

| Total participant enrolled (n = 641)

| . No. of participants

Oral consult only (n = 29)

l

| Clinical examination (n = 615) |

Not meeting the inclusion criteria (n = 460)

I | SPichnpetodntfs )

| Severe periodontitis (n = 64) I

No impacted mandibular third molar (n =45) -

l

l

Decline to participate (n = 6)

| Impacted mandibular third molar (n = 46) |

| Informed consent (n = 58) I

Decline to participate (1=6) M-

l

GCF collection failure (n = 11)

l

| GCF collection (n = 47) |

I

Tooth (n=18) | Period | surgery (n = 29) | X
| Decline to receive tooth extraction (1= 5) e l 1 l .................. o Decline to receive tooth extraction |
i i (n = 4) or surgery (n=8)

| Received extraction (n = 30) I Received extraction (n = 14) | | Received surgery (n = 21) |
Failure to collect gingival tissue (n = 8) 1 l
| Distal gingival tissue (n = 22) | | Gingival tissue (n = 14) | | Gingival tissue (n = 21) |

l

| PH group (n=22) I

! |

| CP group (n =35) I

FIGURE 1 Flow diagram of the enrollment of the 57 participants in this study. CP, chronic periodontitis; GCF, gingival crevicular fluid; PH,

periodontally healthy
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FIGURE 2 Receptor activator for nuclear
factor-kB ligand (RANKL) and osteoprotegerin

(OPG) expression in the two groups (PH: n =
22, CP: n = 35). Brown areas represent the
stained target protein. (a) RANKL and OPG
expression in the two groups at 100x and
200x magnifications (green box). (b) After
RANKL staining, a significant difference in the
average area of positive staining (as a
percentage of the total area) was observed
between the two groups. (c) After OPG
staining, no significant difference in the
average area of positive staining (as a
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3.3 | T-helper cell-related cytokine levels in GCF

The levels of T-helper cell-related cytokines in GCF samples from all
participants were measured by ELISA. In contrast to the levels of
IFN-y, the levels of IL-4, IL-17, and IL-10 exhibited significant differ-
ences between the PH group and the CP group (Figure 3). The IL-4
and IL-10 levels in the PH group were significantly higher than those
in the CP group (Figure 3b,d), whereas the IL-17 level in the CP group
was higher than that in the PH group (Figure 3c).

3.4 | T-helper cell-related cytokine levels in gingival
tissue

The T-helper cell-related cytokines in gingival tissues were evaluated

by immunohistochemistry assay (Figure 4a). As observed for the

PH

cpP

cytokine levels in GCF, the difference in IFN-y levels between the
CP group and the PH group did not reach statistical significance
(Figure 4b). However, the levels of IL-4 and IL-10 in the PH group
were higher than those in the CP group (Figure 4c,e). Compared with
the PH group, however, the CP group exhibited a higher level of IL-17
(Figure 4d).

3.5 | Th1/Th2/Th17/Treg cells in gingival tissue

Polarized Th1/Th2/Th17/Treg cells in the PH and CP groups were
stained by immunofluorescence (green fluorescence for CD4, red fluo-
rescence for each indicated protein, and blue fluorescence for the
nucleus; Figure 5a). More Th1 and Th17 cells were found in the CP
group than in the PH group (Figure 5b,d), but more Th2 and Treg cells
were found in the PH group than in the CP group (Figure 5c,e).
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FIGURE 3 Cytokine levels of (a) IFN-y, (b) IL-4, (c) IL-17, and (d) IL-10 in gingival crevicular fluid. “p < .01 and ‘p < .05 indicate significant
differences between the periodontally healthy (PH) group (n = 22) and the chronic periodontitis (CP) group (n = 35). N°p > .05 indicates that
there is no significant difference between the two groups
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FIGURE 4 Immunohistochemistry image and analysis of each cytokine in gingival tissues of the two groups (periodontally healthy [PH]: n = 22,
chronic periodontitis [CP]: n = 35). (a) The top four representative immunohistochemistry images (400x) are from healthy gingival tissue, and the
bottom four are from the CP group. The brown-stained area in each image is targeted to the indicated cytokine. Cytokine levels of (b) IFN-y, (c) IL-
4, (d) IL-17, and (e) IL-10 in gingival tissues. "p < .01 and 'p < .05 indicate significant differences between the PH group and the CP group. N%p >
.05 indicates that there is no significant difference between the two groups
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3.6 | Relationship between the RANKL/OPG ratio
and Th1/Th2/Th17/Treg polarization

When the relationship between the RANKL/OPG
Th1/Th2/Th17/Treg polarization was probed by linear regression

ratio and

analysis, no linear relationship between the RANKL/OPG ratio and
Th1/Th2/Th17/Treg polarization was found in the PH group (p >
.05; Figure 6a-d). In the CP group, a positive relationship between

“p < .01 and 'p < .05 indicate

the RANKL/OPG ratio and Th1l and Th17 polarization was found
in the
and 0.76, respectively (p < .05; Figure 6e,g). In addition, a negative
relationship between the RANKL/OPG ratio and Th2 polarization

was detected in the linear regression (Figure 6f). Similar to the

linear regression, with regression coefficients of 0.71

PH group, there was no linear relationship between the
RANKL/OPG ratio and Treg polarization in the CP group (p > .05;
Figure 6h).
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FIGURE 6 The relationship between the receptor activator for nuclear factor-«B ligand (RANKL)/osteoprotegerin (OPG) ratio and Th1/Th2/
Th17/Treg polarization. (a-d) Nonlinear relationships between the RANKL/OPG ratio and Th1/Th2/Th17/Treg polarization were observed in
the periodontally healthy (PH) group (n = 22; p > .05). (e-g) Linear relationships between the RANKL/OPG ratio and Th1/Th2/Th17 polarization
were observed in the chronic periodontitis (CP) group (n = 35; p < .05). (h) A nonlinear relationship between the RANKL/OPG ratio and Treg
polarization was observed in gingival crevicular fluid from the CP group (n = 35; p > .05)



384 . .
—l_Wl LEY_CIm'caI and Experimental Dental Research

Open Access

4 | DISCUSSION

This study aimed to investigate the clinical evidence related to the
interaction between the immune response and alveolar bone resorp-
tion by evaluating the relationship between Th1/Th2/Th17/Treg
polarization and the RANKL/OPG ratio. It is widely accepted that
bone loss and remodeling are largely modulated by RANKL/OPG
(Kawai et al., 2006). RANKL has the ability to induce the differentia-
tion of preosteoclasts into mature osteoclasts by combining with
RANK on the surface of preosteoclasts (Teitelbaum & Ross, 2003).
However, this progression could be blocked by the high level of
OPG, a localized decoy receptor for RANKL (Liu, Lerner, & Teng,
2010). Collectively, no significant difference in OPG expression was
found between the two groups, which is not consistent with some
previous reports (Oliveira et al., 2015; Ozaki et al., 2017), but both
higher RANKL levels and higher RANKL/OPG ratios in gingival tissues
in the CP group suggested that progressive bone resorption occurs in
severe periodontitis. The presence of Porphyromonas gingivalis can
increase the RANKL/OPG ratio at periodontitis sites (Belibasakis,
Meier, Guggenheim, & Bostanci, 2011; Sakellari, Menti, &
Konstantinidis, 2008), and a high RANKL/OPG ratio can facilitate inor-
ganic matrix dissolution by cathepsin-K and metalloprotease (Bostanci
et al,, 2008; Mogi & Otogoto, 2007). Therefore, the local RANKL/OPG
ratio in periodontal tissues has been applied as an important hallmark
for assessing the degree of bone resorption (Bostanci et al., 2007;
Mogi et al., 2004). To explore the relationship between T-helper cell
polarization and alveolar bone loss, a linear regression analysis was
applied to analyze the relevance between T-helper cell polarization
and the RANKL/OPG ratio in our study.

The levels of T-helper cell polarization-related cytokines were eval-
uated by ELISA in GCF and by immunohistochemical assay in gingival
tissues; these cytokines can be used as specific indicators of immune
responses and represent crucial secreted factors for regulatory
immune responses at sites of progressive periodontal tissue lesions
(Champagne et al., 2003; Lamster, 1992). In our study, a higher level
of IL-17 and lower levels of IL-4 and IL-10 in the CP group indicated
potentially strong polarization toward Th17 cells and reduced levels
of Th2 and Treg polarization in an inflammatory environment. Previ-
ous reports also detected increased expression of IL-17 and decreased
expression levels of IL-4 and IL-10 in GCF from periodontal patients
(Mitani et al., 2015; Stadler et al., 2016). However, no significant dif-
ference in IFN-y was detected between the two groups (p > .05),
which differs from the collective evidence that GCF IFN-y levels are
significantly higher in CP patients, especially at severe clinical attach-
ment loss sites (Garlet, 2010). As expected, the outcomes of immuno-
histochemical assays performed to detect related cytokine levels in
gingival tissues were similar to the outcomes obtained for cytokine
levels in GCF.

The levels of immune cell-derived cytokines in GCF and gingival
tissues are a consequence of a multitude of immune factors, which
might reflect the tendency of CD4+ T cell polarization but may not
indicate the precise level of CD4+ T cell polarization in gingival tis-
sues. Therefore, further immunofluorescence assays were performed
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to evaluate the polarization level of CD4+ T cells. Our results
showed a higher level of Th17 polarization and lower levels of Th2
and Treg polarization in the CP group, as evidenced by the levels
of the cytokines IL-4, IL-17, and IL-10. Unexpectedly, a higher level
of Th1 polarization in the CP group was inconsistent with the level
of IFN-y in GCF and gingival tissues between the two groups. It
seems that IFN-y is not only released in response to T-helper
polarization but also produced by other immune cell populations.
The Th1/Th2 balance is a crucial parameter for regulating host
immune responses during CP. Thl cells are capable of not only
eliminating alien invaders but also inducing the local lesion in a host
by releasing proinflammatory cytokines or damage products, such as
IFN-y and RANKL (Dutzan et al., 2009). Several reports indicate that
high concentrations of IFN-y in GCF are crucial for periodontal
destruction, especially in alveolar lesions (Gao et al.,, 2007). In our
findings, although there was no significant difference in IFN-y levels
between the two groups, immunofluorescence assays indicated that
higher levels of Th1 occurred in the CP group than in the PH group.
Significantly, further
relationship between Th1 polarization and the RANKL/OPG ratio in
the CP group, which indicated that a high level of Thl polarization

investigation revealed a positive linear

could aggravate alveolar bone resorption. Some evidence has
provided a preliminary basis for understanding how IFN-y influences
preosteoclast proliferation and maturation by regulating the levels of
RANKL, tumor necrosis factor-a (TNF-a), and IL-1B in vivo (Gao
et al, 2007; Garlet et al., 2008). Besides, bacterial infection has a
strong capacity to trigger Thl and Th17 responses and associated
cytokine production, which elicits alveolar bone resorption by
upregulating  RANKL expression during periodontitis (Monasterio
et al., 2018).

In contrast, the lower levels of IL-4 and Th2 in the CP group dem-
onstrated that when the Th1/Th2 balance is disturbed in periodontitis
patients, the proinflammatory Thi cell role was promoted, whereas
the anti-inflammatory Th2 cell role was inhibited. Further, the signifi-
cant negative correlation between Th2 polarization and the
RANKL/OPG ration in the CP group also implied that a deficiency of
the Th2 protective role could be linked to bone loss. Th2 responses
have been considered a characteristic safeguard in periodontal tissues
and can alleviate the severity of periodontal destruction by inducing
complementary protective proteins, such as IL-10 (Pestka et al.,
2004; Pradeep, Roopa, & Swati, 2008). In previous studies, IL-10
was regarded as a signature Th2 cytokine, but it has been reported
to be closely tied to Treg cells in more recent studies (Pestka et al.,
2004). The protective role of the Th2 response is instrumental for
determining the RANKL/OPG ratio and the ratio of matrix metallopro-
teinase to tissue inhibitor of matrix metalloproteinases in periodontal
tissues, which plays a key role in inhibiting bone loss (Garlet, Martins,
Fonseca, Ferreira, & Silva, 2004; lhn, Yamane, Asano, Kubo, & Tamaki,
2002). Indeed, the high level of IL-4 from Th2 cells can suppress
RANKL-induced bone resorption and induce the rapid degradation of
RANKL via the downregulation of the NF-kB pathway after
lipopolysaccharide-induced NF-kB activation in vitro. Therefore, the

amplification of Th2 responses plays a protective role, and stimulation
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of IL-4 can be viewed as an important target for the inhibition of bone
resorption in CP.

Th17 cells, another subpopulation of T-helper cells, were recently
identified, and the presence of Th17 cells and IL-17 is associated with
disease severity and resultant bone destruction in periodontal lesions
(Johnson, Wood, & Serio, 2004). In our study, higher levels of Th17
polarization and IL-17 indicated the effect of Th17 on tissue destruc-
tion. Significantly, a positive linear relationship between Th17 polariza-
tion and the RANKL/OPG ratio in the CP group indicated that Th17
cells could be a key factor in bone lesions during periodontitis. It has
been reported that more infiltrating Th17 cells and an accompanying
higher level of IL-17 were found in inflammatory gingival tissues,
which demonstrates the destructive effect of Th17 polarization during
CP (Cardoso et al., 2009). According to existing evidence, Th17 cells
are responsible for tissue lesions by recruiting macrophages and neu-
trophils to inflamed periodontal tissues and inducing destructive prod-
ucts, including TNF-a, IL-6, IL-8, prostaglandin 2, and IL-1p (Silva et al.,
2015). In particular, IL-6 cannot only inhibit reparative cytokine gener-
ation but also accelerate Th17 cell differentiation to aggravate inflam-
matory reactions (Zheng et al., 2014). Moreover, inflammatory
infiltrates can enhance Th17 levels and further upregulate RANKL
expression via NF-kB activity, and high Th17 levels are associated with
high levels of alveolar bone resorption and low bone density (Kim,
Kim, Kim, Cho, & Lee, 2015; Ribeiro et al., 2017).

Previous studies have verified that the deletion of Treg cells can
cause abnormal immune regulation. Our data showed lower levels of
IL-10 and fewer Treg cells in gingival tissues in the CP group com-
pared with those in the PH group. The expression level of IL-10 is
still controversial in periodontitis. Several studies have also sug-
gested that upregulated IL-10 and TGF-B are found in periodontitis
but IL-17 was downregulated in the PH group compared with the
CP group. However, not all studies are consistent with our findings,
and some reports are even antithetical, with higher levels of IL-10
found in infected gingival tissues than in healthy tissues (Dai, Bi,
Lin, & Qi, 2017). Despite this controversy, IL-10 has been regarded
as an important biomarker for the Treg response. Our data did not
show a correlation between the RANKL/OPG ratio and Treg polari-
zation, although the level of IL-10 was higher in the PH group than
in the CP group. The protective role and immunologic self-tolerance
of Treg cells exert critical effects on tissue repair and reconstruction
(Lee et al., 2016; Sakaguchi, 2004). FoxP3, another important bio-
marker of Treg cells, has been regarded as an inhibitor of Th17 dif-
ferentiation via combination with retinoic acid receptor-related
orphan receptor-yt (RORyt). The available evidence suggests that
low levels of IL-10 and FoxP3 occur during active periodontal
destruction versus the high level observed during inactive destruc-
tion (Dutzan, Gamonal, Silva, Sanz, & Vernal, 2009; Hong, Williams,
Jin, & Pike, 2000). However, bone lesions and the level of RANKL
were negatively correlated with Treg cells in a rat model (Xiao
et al., 2015). Indeed, the effect of IL-10 on RANKL remains unclear.
Some results even indicated that IL-10 could upregulate RANKL
(Wang, Guan, Jin, Lin, & Gao, 2015). Perhaps Treg cells play a role

in bone resorption by regulating RANKL during the immune
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response, but IL-10 is not an accurate biomarker for Treg cells.
Therefore, it is critical to seek a representative biomarker for Treg
cells and to clarify the mechanism by which Treg cells regulate
RANKL.

5 | CONCLUSIONS

Our results indicated that increased polarization of T-helper cells
toward Thl and Th17 cells could enhance alveolar resorption by
increasing the release of related cytokines, and the polarization of T-
helper cells toward Th2 cells was inhibited in association with a declin-
ing protective role for bone remodeling in CP. Therefore, a deeper
understanding of the mechanism by which T-helper cell polarization
effects alveolar bone resorption could provide new avenues for peri-
odontal immunotherapy.
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