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Exploration of key factors in Gingival
Crevicular fluids from patients undergoing
Periodontally Accelerated Osteogenic
Orthodontics (PAOO) using proteome analysis
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Abstract

Background The aims of this study are to explore protein changes in gingival crevicular fluid at different time points
after PAOO by proteomics method and to select significant bone metabolization-related biomarkers.

Methods This study included 10 adult patients experiencing PAOQ. After orthodontic alignment and leveling,

the maxillary anterior teeth were treated with PAOO, which is classified as the experimental area. The traditional
orthodontic treatment was performed in the mandibular dentition as the control. Gingival crevicular fluid samples
were collected at the following time points: the day before the PAOO (T1) and at 1 week, 2 weeks, 1 month, 2 months
and 6 months after PAOO (T2, T3,T4,T5 and T6, respectively). The label-free quantitative proteomic assay was used to
evaluate the gingival crevicular fluid in PAOO and control areas at time point T1, T2, and T4. Bioinformatics analysis was
carried out to categorize proteins based on biological processes, cellular component and molecular function, which is
in compliance with gene ontology (GO) standards. The changes of proteins were confirmed by ELISA.

Results A total of 134 proteins were selected by keywords (Osteoblast markers, Osteoclast markers,
Osteoclastogenesis regulating genes and inflammatory marker). 33 of them were statistically different between
groups, and 12 were related to bone metabolism. 5 proteins selected by label-free quantitative proteomics were
KLF10, SYT7, APOAT, FBN1 and NOTCH1. KLF10 decreased after PAQQ, hitting a trough at T4, and then leveled off.
SYT7 increased after PAOO, reaching a peak at T3, and then stabilized until T6. APOAT ascended to a peak at T4 after
PAOQ, and then remained stable until T6. The FBN1 rose after PAOO, reaching a peak at T4, and then went down
slowly. NOTCH1 ascended rapidly in the first two weeks after PAOO and continued its slow growth trend.

Conclusion In this study, protein changes in gingival crevicular fluid were detected by proteomics method, and
significant bone metabolization-related proteins were selected. It is speculated that APOAT, FBN1, NOTCH1, SYT7 and
KLF10 played key roles in regulating bone metabolic balance and in reversible osteopenia after PAOO, which might be
involved in the accelerated tooth movement.
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Trial registration This study was registered in the Chinese Clinical Trial Registry (Clinical trial registration number:

ChiCTR-ONRC-13,004,129) (26/04/2013).
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Background

Tooth movement speed in patients receiving conven-
tional orthodontic treatment is normally 0.8~1.2 mm
per month and the period of comprehensive orthodontic
treatment is usually 12~36 months. Orthodontic treat-
ment period is related to the type and severity of maloc-
clusion, the selection of treatment design and technique,
the experience of orthodontists and the compliance of
patient. Shortening the orthodontic treatment is of great
clinical significance [1].

Periodontally accelerated osteogenic orthodontics
(PAOO) proposed by Wilcko in 2001 is a clinical proce-
dure that combines selective alveolar corticotomy, par-
ticulate bone grafting, and orthodontic forces. PAOO
could result in less cortical resistance during tooth move-
ment, shorter treatment time, increased post-treatment
stability, and decreased apical root resorption [2]. Clini-
cal studies have confirmed that the PAOO efficiently
accelerates orthodontic movement. However, the inter-
nal mechanism remains unclear and further studies are
needed [3, 4]. In order to clarify the mechanism of accel-
erated tooth movement, many scholars have conducted a
series of studies and proposed hypotheses. Wilcko et al.
believed that PAOO is theoretically based on the bone
healing pattern known as the Regional Acceleratory Phe-
nomenon (RAP) that induces the healing of alveolar bone
after local trauma [5, 6]. It is believed that corticotomy,
an intentional surgical injury to the bone, started a cas-
cade of physiologic events, stimulating osteoclast activity
and leading to increased bone turnover with concomitant
demineralization and new bone formation at the site of
the bone injury [3]. The RAP comprises an acute inflam-
matory phase and intense osteoclastic and decreased
osteoblastic bone formation, which manifests as tran-
sient local osteopenia. Lee et al. found the alveolar bone
mineral density in the corticotomy site decreased in rats
with Micro-CT detection, thus confirming the presence
of RAP [7].

Although previous studies have confirmed the unique-
ness of bone metabolism in accelerated teeth movement,
the specific cellular mechanism such as the signaling
pathway of PAOO has not been elucidated. At present,
most of the fundamental researches on PAOO concen-
trate on animal experiments or in vitro experiments,
while there are few reports on the mechanism of PAOO
in human [8, 9]. Therefore, this study aims to explore the
internal mechanism of accelerated tooth movement via
PAOO through label-free quantitative proteomic assay
and bioinformatics analysis of gingival crevicular fluid, so

as to investigate the inherent biological laws of acceler-
ated tooth movement in the human body.

Materials and methods

This study is a prospective cohort study. PKUS-
SIRB-202,054,018 (09/03/2020) was reviewed and
approved by the Biomedical Ethics Committee of Peking
University Hospital of Stomatology. This study was reg-
istered in the Chinese Clinical Trial Registry (Clinical
trial registration number: ChiCTR-ONRC-13,004,129)
(26/04/2013). The study was conducted in full accor-
dance with Declaration of Helsinki.

Participants

The inclusion criteria for all patients were as follows:
(1) 18 to 40 years of age; (2) Class III relationships,
ANB<-4° or Wits<—6 mm; (3) With combined surgi-
cal and orthodontic treatment; (4) Bilateral extraction of
maxillary first premolars and erupted third molars; (5)
Mild crowding in the maxillary arch (£4 mm) and (6)
Without severe or progressive periodontitis and with a
probing depth of less than 4 mm.

The exclusion criteria were as follows: (1) Patients with
active periodontal disease; (2) Patients with additional
teeth loss except tooth extraction for orthodontic treat-
ment; (3) Patients with congenital cleft lip and palate; (4)
Patients with acute inflammation in the oral and maxil-
lofacial region; (5) Patients with tumor or systemic severe
diseases and (6) Pregnant and lactating patients.

Gingival crevicular fluid (GCF) collection and processing
Ten adult orthodontic patients were selected in this
study. After orthodontic alignment and leveling, the
maxillary anterior teeth were treated with periodontally
accelerated osteogenic orthodontics (PAOO), which is
classified as the experimental area, while traditional orth-
odontic treatment performed for mandibular dentition,
is classified as the control area.

The collection, storage, and processing of all samples
were conducted according to a standardized protocol.
EP tubes with 35# standard paper points were weighed
by the electronic balance (Hundred thousandth). Absor-
bent paper points were used to collect GCF by inserting
the paper points into the mesial and distal buccal gingi-
val sulcus of maxillary anterior teeth (Stop for 30s when
mild resistance was detected). The selected site of experi-
mental group is from left upper canine to right upper
one, while the selected site of the control group is from
left lower canine to right lower one. EP tubes with 35#
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paper points were weighed again after collection of GCF
and then stored at —80°C until the time of assay. Gingival
crevicular fluid (GCF) was collected at six time points:

T1: the day before the PAOO; the day after orthodontic
alignment and leveling.

T2: 1 week after the PAOO; the day postoperative
review was scheduled.

T3: 2 weeks after the PAOO; the day of first application
of orthodontic force after PAOO.

T4: 1 month after the PAOO; the day of second appli-
cation of orthodontic force after PAOO.

T5: 2 months after the PAOO;

T6: 6 months after the PAOO.

The protein differences in gingival crevicular fluid
between PAOO and the control areas of the same patient
were compared. The bone metabolism related proteins in
gingival crevicular fluid in the PAOO accelerated tooth
movement were selected.

Label-free quantitative proteomic screening

Extraction and enzymolysis of proteins

The microTOF-Q II mass spectrometry was used to
evaluate the gingival crevicular fluid in PAOO area and
the control area at time points T1, T2, and T4 in the 10
PAOO patients. Briefly, all test paper samples were trans-
ferred to a 1.5-mL screw capped tube and the 100 pL of
lysis buffer (7 M urea, 2 M thiourea) were added into
each sample and then ultrasonication was performed to
extract total proteins. Proteins were precipitated with
trichloroacetic acid (TCA) for 30 min on ice and centri-
fuged at 40,000xg for 30 min. Protein concentration was
determined using the Qubit fluorescent protein quanti-
fication kit (Invitrogen) according to the manufacturer’s
instructions.

Following the addition of 100 mmol/L DTT(DL-
Dithiothreitol) to a final concentration of 10 mmol/L,
the protein fractions were mixed at 56°C for 60 min, and
then diluted 10x with 250 mmol/L IAM(Iodoacetamide)
and maintained in dark for 60 min. Finally, the samples
were digested with trypsin (substrate to enzyme mass at a
mass ratio of 50:1 at 37°C for 12 h [10].

LC-MS/MS analysis

Peptides were acidified with formic acid (FA) (10%, v/v)
and desalted byre-versed phase extraction using C18
ZipTip pipette tips and re-suspended in 0.1% FA for high
performance liquid chromatography-tandem mass spec-
trometry (HPLC-MS/MS) analysis. Pressure was applied
to a fused silica capillary column packed with 3-pm
dionex C18 material (RP; Phenomenex) to load digested
peptide combinations. The RP sections with 100A were
each 15 cm long, and the column was washed with buf-
fer A (water, 0.1% formic acid) and buffer B (Acetonitrile,
0.1% formic acid). After desalting, a 5-mm, 300-pm C18
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capture tip was placed in line with an Agilent 1100 qua-
ternary HPLC(High Performance Liquid Chromatogra-
phy) and analyzed using a 12-step separation.

Firstly, a 45-min gradient to 40% buffer B was applied
after a 5-min gradient from 0 to 2% buffer B. The buffer B
then flowed by a gradient of 40-80% for 3 min and then
80% for 10 min. An approximately 100 pg tryptic peptide
mixture was loaded onto the columns after a 2-min buf-
fer B gradient from 80 to 2%, and it was separated using
a linear gradient at a flow rate of 0.5 pL/min. After full
scanning, 10 debris maps (MS2 scan, HCD) were col-
lected. MS1 has a resolution of 70,000 at M/Z 200, while
MS2 has a resolution of 17,500 at M/Z 200. Peptides were
electrosprayed into a micrOTOF-Q II mass spectrom-
eter (BRUKER Scientific) with the application of a dis-
tal 180 °C source temperature as they were eluted from
the micro-capillary column. The mass spectrometer was
operated in the MS/MS (auto) mode. Survey MS scans
were acquired in the TOF-Q II with the resolution set
to a value of 20,000. Each survey scan (50~2,500) was
followed by five data-dependent tandem mass (MS/
MS) scans at 2HZ normalized scan speed [11]. The fol-
lowing were the main parameters: 6 for the main search
ppm, 2 for the missed cleavage, 20 for the MS/MS toler-
ance ppm, True set as de-isotopic, trypsin as digestion
enzyme, carbamidomethyl as the fixed modification, Oxi-
dation (M) and Acetyl (Protein N-term) as the variable
modification.

Bioinformatics analysis
Tandem mass spectra were searched against mas-
cot 2.1 (Local Host) human protein database(refseq_
human_20140103.fasta). The search results were then
filtered using a cutoff of 1% for peptide false identifica-
tion rate. Peptides with Z score <4 or Delta-Mass>5 ppm
were rejected. Furthermore, the minimum number of
peptides to identify a protein was set to 1. Throughout
the analysis, the default parameters for the Quantitative
software Profile Analysis 2.0 software were applied.
Bioinformatics analysis was performed to categorize
proteins based on biological processes, cellular com-
ponent and molecular function using annotations in
Protein Analysis Through Evolutionary Relationships
(PANTHER) database v 6.1 (www.pantherdb.org), which
is in compliance with gene ontology (GO) standards. Sig-
naling pathway analysis were performed with the aid of
tools on the Kyoto Encyclopedia of Genes and Genome
(KEGG) database (http://www.genome.jp/kegg/pathway.
html) independently [11-14].

Validation by ELISA

ELISA was performed to confirm expression changes
of the differentially expressed proteins. Five proteins
selected by label-free quantitative proteomics were
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KLF10, SYT7, APOA1, FBN1 and NOTCHI1. Human
Krueppel-like factor 10 (KLF10) ELISA Kit (Jiangsu
Jingmei Biotechnology Co., Ltd.; the detection limit was
10.0 pg/mL), Human Synaptotagmin 7(SYT7) ELISA
Kit (Jiangsu Jingmei Biotechnology Co., Ltd. China; the
detection limit was 10 pg/ml), Human apoprotein Al
(APOA1) ELISA Kit (Jiangsu Jingmei Biotechnology Co.,
Ltd. China; the detection limit was 0.1 pg/mL); Human
Fibrillin-1 (FBN1) ELISA Kit (Jiangsu Jingmei Biotech-
nology Co., Ltd. China; the detection limit was 1.0 pg/
mL) and Human NOTCH1 ELISA Kit (Jiangsu Jingmei
Biotechnology Co., Ltd. China; the detection limit was
1.0 pg/mL) were used according to the manufacturers’
instructions to measure the concentrations of gingival
crevicular fluid proteins in different groups.

Statistical analysis

Statistical analysis of omics data

Fold-change (FC) was calculated by the mean of each
group. Selection criteria of different expressed proteins
were set as follows: |log(FC)|>0.58.

The intensity data of these regions were used for
GraphPad analysis. The biological process was analyzed
with Gene Ontology database (http://geneontology.org/).
Signaling pathway analysis was performed using the
Kyoto Encyclopedia of Genes and Genome (KEGG) data-
base (www.genome.jp/kegg/pathway.html).

Statistical analysis of ELISA

The ELISA results were statistically analyzed with
RStudio. Paired sample Wilcoxon sign test was used
to test these five factors (KLF10, SYT7, APOA1, FBNI,
NOTCH]1) in the maxillary PAOO area and mandibular
control area at six time points. Wilcoxon sign test was
used to analyze the trend of five factors related to bone
metabolism in gingival crevicular fluid over time with
pairwise comparative analysis performed at the same
time.

Table 1 The number of differentially expressed proteins in the
gingival crevicular fluid (GCF) of PAOO area and the control area
attime pointsT1,T2 and T4

Group Number of Number of
up-regulated down-regulated
differential differential
proteins(>2) proteins(<0.5)

PAQOOQ area T1/T2 T1/T4 T1/T2 T1/T4

T1vs.T2vs. T4 76 45 30 71

The control area T1/T2 T1/T4 T1/T2 T1/T4

T1vs. T2 vs. T4 55 39 61 63

Whole T1/T2 T1/T4 T1/T2 T1/T4

T1vs. T2 vs. T4 127 70 120 104

Original statistical data in Table 1 could be seen in the folder titled “PAOO area.
xls, The control area.xls and Whole.xIs” in the supplementary materials
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Result

Label-free quantitative proteomic analysis

The microTOF-Q II mass spectrometry was used to
detect the gingival crevicular fluid of PAOO area and the
control area at T1, T2 and T4 in these 10 patients. The
detected differential proteins are shown in Table 1.

The total number of proteins identified were 2337. 134
proteins were selected by keywords (Osteoblast markers,
Osteoclast markers, Osteoclastogenesis regulating genes
and inflammatory marker). 33 of them were statistically
different between groups, and 12 were related to bone
metabolism (Table 2).

Statistical analysis of ELISA results

KLF10

KLF10 decreased after PAOO, hitting a trough at 1
month after PAOO (T4), and then leveled off. A statis-
tically significant difference was found between preop-
erative (T1) results and postoperative (T2~T6) results
(P<0.05). Statistical differences between other groups are
shown in Fig. 1a. The ELISA results showed that there
was a significant difference in KLF10 between the Maxil-
lary PAOO area and mandibular control area at 2 months
after PAOO (T5) (P<0.05), but no significant difference
were found between the two areas at other time points
(Table 3).

SYTr7

SYT7 increased after PAOO, reaching a peak at 2 weeks
after PAOO (T3), and then remained stable until 6
months after PAOO (T6). A statistically significant dif-
ference was found between preoperative (T1) results and
postoperative (T2~T6) results (P<0.05). Statistical dif-
ferences between other groups are shown in Fig. 1b. The
ELISA results showed that there were no significant dif-
ference in SYT7 between the Maxillary PAOO area and
the mandibular control area (Table 3).

APOAT1

The statistical analysis of macroscopic ELISA results was
shown in Fig. 1. APOA1 ascended to a peak at 1 month
(T4) after PAOQO, and then stabilized until 6 months
after PAOO (T6). A statistically significant difference
was found between preoperative results (T1) and postop-
erative results (T2~T6) (P<0.05). Statistical differences
between other groups are shown in Fig. 1c. The ELISA
results showed that there was a significant difference in
APOA1 between the Maxillary PAOO area and the man-
dibular control area at one month after PAOO (T4), but
no significant difference were found between the two
areas at other time points (Table 3).
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Table 2 Twelve proteins related to bone metabolism
Gene Gl number Protein Median Median Median Median Median  Me-
(T1up: (T2up: (T4down: (T2down: (T2:T1) dian
T4up) T1up) T1down) T1down) (T4:T1)
APOA1 4,557,321 apolipoprotein A-l preproprotein 132 1.01 1.63 0.86 0.83 0.91
FBN1 281,485,550 fibrillin-1 precursor 0 0 0.87 057 043 041
FBN2 66,346,695 fibrillin-2 precursor 1.09 1.03 1.53 353 1.75 0.96
3 115,298,678 complement C3 precursor 0 0 0 0 043 0.57
TRAF6 4,759,254 TNF receptor-associated factor 6 0 0 0.51 0
NOTCH1 148,833,508 neurogenic locus notch homolog protein 1 2.27 0.88 0 0 0.72 0.57
preproprotein
ABCA3 116,734,710 ATP-binding cassette sub-family A member ~ 0.87 1.16 2.08 1
3
ERCC2 195,947,407 TFIIH basal transcription factor complex 0 0 0.56 0.99
helicase XPD subunit isoform 2
HDAC1 13,128,860 histone deacetylase 1 0 038 0.69 1.02
KLF10 73,760,403 Krueppel-like factor 10 isoform b 033 455 1.19 1.08
SYT7 530,397,573 PREDICTED: synaptotagmin-7 isoform X3 1.55 1.74 143 0
DCHS1 16,933,557 protocadherin-16 precursor 1.69 0

up: the PAOO area; down: the control area; T1: the day before the PAOO; T2: 1 week after the PAOO; T4: 1 month after the PAOO
Please see supplementary materials for the descriptions of protein function, which shows in the “Supplementary Table 4.txt”

FBN1

FBNI1 rose after PAOO, reaching a peak at 1 month after
PAOO (T4), and then went down slowly. A statistically
significant difference was found between preoperative
results (T1) and postoperative (T2~T6) results(P<0.01).
Statistical differences between other groups are shown in
Fig. 1d. The ELISA results showed that there was no sig-
nificant difference in FBN1 between the Maxillary PAOO
area and the mandibular control area (Table 3).

NOTCH1

NOTCH1 ascended rapidly in the first two weeks after
PAOO and then continued its slow growth trend. A sta-
tistically significant difference was found between preop-
erative (T1) results and postoperative (T2~T6) results
(P<0.05). Statistical differences between other groups are
shown in Fig. le. The ELISA results showed that there
was no significant difference in NOTCHI between the
Maxillary PAOO area and the mandibular control area
(Table 3).

Discussion

It has been documented that transient osteoporosis
occurs in damaged bone tissue, and the content of cal-
cium in bone will reduce, resulting in decreased bone
mineral density in a certain area around the root. Thus,
alveolar bone undergoes biological changes from osteo-
clastogenesis to osteogenesis, during which alveolar bone
goes from mineralization to re-mineralization, providing
a time window and theoretical feasibility for accelerat-
ing tooth movement [9]. Indeed, the underlying biologi-
cal process of PAOO is similar to the healing of bone
injury. After bone injury, macrophages and monocytes in

the altered local microenvironment secrete some growth
factors and cytokines. Impaired the lacunocanalicular
network, including changed fluid flow, would activate
intracellular molecular signaling pathways within osteo-
cytes, actuating the secretion of mediators that could
regulate bone remodeling, so as to contribute to the
regional acceleration of bone remodeling (RAP). Kumar
et al. analyzed ALP and AST in human saliva and cre-
vicular fluid, and found that the enzyme activities of ALP
and AST increased after corticotomy and reached a peak
at the 6th week, and then decreased at the 3rd and 6th
months [10]. Fernandes LSDMCP et al. have shown that
GCF during the movement of canines were quantified in
a multiplex immunoassay, and differences on biomarkers
expression occurred at specific time points (p<0.05), but
a distinct pattern was not observed [11].

In this study, label-free quantitative proteomic assay
was employed to detect changes in key proteins in gingi-
val crevicular fluid of PAOO patients at six time points.
12 proteins related to bone metabolism with signifi-
cant changes were selected. Among them, APOA1 and
C3 were also reported in our previous research on the
saliva of PAOO patients with the MALDI-TOF MS [15].
The peptides 3052.02 Da and 2775.33 Da detected with
MALDI-TOF MS in the saliva of PAOO patients were
identified as apolipoprotein A-I precursor (APOAL).
APOAL1 increased rapidly at one week after PAOO and
then decreased. The peptides 1864.17 Da and 2027.72 Da
were identified as complement 3 (C3). C3 decreased rap-
idly at 1 week after PAOO. Compared with our previous
studies, this study detected gingival crevicular fluid in
the PAOO area and the control area of the same patient
separately, and mouth-split control partition was carried
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Fig. 1 Comparisons of five biomarkers in GCF from patients undergoing PAOO at six time points. The ELISA results were statistically analyzed with
RStudio. Wilcoxon sign test was used to analyze the trend of five factors related to bone metabolism in gingival crevicular fluid over time with pairwise

comparative analysis performed at the same time

out. The label-free proteomics, in a certain range, is more
accurate in protein analysis [16, 17].

Based on the results of mass spectrometry, ELISA was
further used to verify the trend of bone metabolic fac-
tors over time. In this study, twelve bone metabolism-
related proteins after PAOO were selected by label-free
mass spectrometry, and then the changes of five bone

metabolism-related proteins over time after PAOO were
detected by ELISA.

KLF10 is known to be vital in bone biology by regu-
lating the expression and activity of Runx2 and Osterix
(crucial osteogenic transcription factors) [18, 19]. Addi-
tionally, Jong Min Lee et al. found that primary ossifica-
tion was critically delayed in KLF10 KO mice [20]. KLF10
decreased after PAOO, hitting a trough at 1 month after
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play roles. These factors negatively regulate the growth
of osteoclasts to avoid excessive reduction of local alveo-
lar bone mineral density and excessive loss of local bone
tissue, which lays the foundation for the subsequent re-
mineralization of alveolar bone. Baloul et al. established
an orthodontic rat model of selective corticotomy and
found that accelerated tooth movement occurred in the
early stage after corticotomy [25]. This study also sup-
ports the findings of the previous in vivo studies that the
changes of bone metabolic factors are most significant in
the early postoperative period.

The ELISA results showed that no significant differ-
ence was found between the Maxillary PAOO area and
the mandibular control area at time points T1-T6, except
for a significant difference in APOA1 at 1 month after
PAOO (T4) and in KLF10 at 2 months after PAOO (T5)
(P<0.05) between the two areas. According to a previ-
ous study, cytokine level in GCF is not differentiated by
type of movement when force is applied to tooth, because
GCF presents free circulation in the gingival sulcus [9,
26]. It is inferred that corticotomy affects the oral micro-
environment and that gingival crevicular fluid circulates
in the body; therefore, there is little difference in bone
metabolic factors between surgical area and non-surgical
area in the same patient at the same time.

Conclusions

In this study, protein changes in gingival crevicular fluid
at different time points after PAOO were detected by
proteomics method, and significant bone metaboliza-
tion-related proteins were selected. It is speculated that
APOA1, FBN1, NOTCH1, SYT7 and KLF10 play key
roles in regulating bone metabolic balance and in revers-
ible osteopenia after PAOO, which might be involved in
the accelerated tooth movement. Intrinsic mechanism of
related bone metabolic factors was further investigated,
so as to summarize the changes of the effect of PAOO on
alveolar bone with time, in hope of providing theoretical
support for accelerating orthodontic tooth movement.

Abbreviations

PAOO  Periodontally accelerated osteogenic orthodontics
RAP Regional acceleratory phenomenon

GCF Gingival crevicular fluid

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512903-023-03606-7.

Supplementary Material 1
Supplementary Material 2
Supplementary Material 3

Supplementary Material 4

Supplementary Material 5

Page 8 of 9

Supplementary Material 6
Supplementary Material 7
Supplementary Material 8

Supplementary Material 9

Supplementary Material 10

Acknowledgements
Not applicable.

Authors’ contributions

J.Wu, X.Wang, and J. Jiang conceived, designed or planned the study. L.
Xu and C. Li analyzed the data. J. Wu drafted the manuscript. X. Wang, and
J. Jiang revised the manuscript. All authors have viewed and agreed to the
submission.

Funding

This research was supported by Beijing Natural Science Foundation (7214274),
Program for New Clinical Techniques and Therapies of Peking University
School and Hospital of Stomatology (PKUSSNCT-13A11) and Program for New
Clinical Techniques and Therapies of Peking University School and Hospital of
Stomatology First Clinical Division (YMZXJ-2009).

Data Availability
The datasets used and/or analyzed during the current study available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study is a prospective cohort study. PKUSSIRB-202054018 (09/03/2020)
was reviewed and approved by the Biomedical Ethics Committee of Peking
University Hospital of Stomatology. All participants were informed of the
research procedure and signed the participation consent agreement. was
conducted in full accordance with Declaration of Helsinki. Informed consent
was obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'First Clinical Division, Peking University School and Hospital of
Stomatology, 100081 Beijing, PR China

’Department of Periodontology, Peking University School and Hospital of
Stomatology, 100081 Beijing, PR China

*Central Laboratory, Peking University School and Hospital of
Stomatology, 100081 Beijing, PR China

“Department of Orthodontics, Peking University School and Hospital of
Stomatology, 100081 Beijing, PR China

°National Engineering Research Center of Oral Biomaterials and Digital
Medical Devices, Beijing Laboratory of Biomedical Materials & Beijing Key
Laboratory of Digital Stomatology, Peking University School and Hospital
of Stomatology, 100081 Beijing, PR China

Received: 8 November 2022 / Accepted: 1 November 2023
Published online: 27 November 2023

References
1. Ong MM, Wang HL. Periodontic and orthodontic treatment in adults. Am J
Orthod Dentofacial Orthop. 2002;122(4):420-8.


https://doi.org/10.1186/s12903-023-03606-7
https://doi.org/10.1186/s12903-023-03606-7

Wu et al. BMC Oral Health

(2023) 23:934

Alghamdi AS. Corticotomy facilitated orthodontics: review of a technique.
Saudi Dent J. 2010;22(1):1-5.

Alsino HI, Hajeer MY, Burhan AS, Alkhouri |, Darwich K. The effectiveness of
Periodontally Accelerated Osteogenic Orthodontics (PAOO) in accelerating
tooth Movement and supporting alveolar bone thickness during Orthodon-
tic Treatment: a systematic review. Cureus. 2022;14(5):e24985.

Kamal AT, Malik DES, Fida M, Sukhia RH. Does periodontally accelerated
osteogenic orthodontics improve orthodontic treatment outcome? A
systematic review and meta-analysis. Int Orthod. 2019;17(2):193-201.

Frost HM. The regional acceleratory phenomenon: a review. Henry Ford Hosp
Med J. 1983;31(1):3-9.

Kernitsky JR, Ohira T, Shosho D, Lim J, Bamashmous A, Dibart S. Corticotomy
depth and regional acceleratory phenomenon intensity. Angle Orthod.
2021,91(2):206-12.

Lee W, Karapetyan G, Moats R, Yamashita DD, Moon HB, Ferguson DJ, et al.
Corticotomy-/osteotomy-assisted tooth movement microCTs differ. J Dent
Res. 2008,87(9):861-7.

Feller L, Khammissa RAG, Siebold A, Hugo A, Lemmer J. Biological

events related to corticotomy-facilitated orthodontics. J Int Med Res.
2019;47(7):2856-64.

Kapoor P, Monga N, Kharbanda OP, Kapila S, Miglani R, Moganty R. Effect of
orthodontic forces on levels of enzymes in gingival crevicular fluid (GCF): a
systematic review. Dent Press J Orthod. 2019;24(2):40. e1- e22.

Pang M, Bai XY, LiY, Bai JZ, Yuan LR, Ren SA, et al. Label-free LC-MS/MS
shotgun proteomics to investigate the anti-inflammatory effect of rCC16. Mol
Med Rep. 2016;14(5):4496-504.

Liu Q, Pan L, Han F, Luo B, Jia H, Xing A, et al. Proteomic profiling for plasma
biomarkers of Tuberculosis progression. Mol Med Rep. 2018;18(2):1551-9.
Kanehisa M. Toward understanding the origin and evolution of cellular
organisms. Protein Sci. 2019;28(11):1947-51.

Kanehisa M, Furumichi M, Sato Y, Kawashima M, Ishiguro-Watanabe M. KEGG
for taxonomy-based analysis of pathways and genomes. Nucleic Acids Res.
2023;51(D1):D587-D92.

Kanehisa M, Goto S. KEGG: kyoto encyclopedia of genes and genomes.
Nucleic Acids Res. 2000;28(1):27-30.

Wu JQ, Jiang JH, Xu L, Liang C, Wang XJ, Bai Y. Magnetic bead-based Salivary
Peptidome profiling for accelerated osteogenic Orthodontic treatments.
Chin J Dent Res. 2018;21(1):41-9.

Perrin RJ, Payton JE, Malone JP, Gilmore P, Davis AE, Xiong C, et al. Quantita-
tive label-free proteomics for discovery of biomarkers in cerebrospinal

20.

21.

22.

23.

24.

25.

26.

Page 9 of 9

fluid: assessment of technical and inter-individual variation. PLoS ONE.
2013;8(5):e64314.

Sun H, Pan L, Jia H, Zhang Z, Gao M, Huang M, et al. Label-free quantitative
proteomics identifies Novel plasma biomarkers for distinguishing pulmonary
Tuberculosis and latent Infection. Front Microbiol. 2018,9:1267.

Hawse JR, Cicek M, Grygo SB, Bruinsma ES, Rajamannan NM, van Wijnen AJ, et
al. TIEG1/KLF10 modulates Runx2 expression and activity in osteoblasts. PLoS
ONE. 2011;6(4):219429.

Subramaniam M, Pitel KS, Withers SG, Drissi H, Hawse JR. TIEGT enhances
Osterix expression and mediates its induction by TGFbeta and BMP2 in osteo-
blasts. Biochem Biophys Res Commun. 2016;470(3):528-33.

Lee JM, Ko JY, Park JW, Lee WK, Song SU, Im GI. KLF10 is a modulatory

factor of chondrocyte hypertrophy in developing skeleton. J Orthop Res.
2020,38(9):1987-95.

Zhao H, Ito Y, Chappel J, Andrews NW, Teitelbaum SL, Ross FP. Synaptotagmin
Vil regulates bone remodeling by modulating osteoclast and osteoblast
secretion. Dev Cell. 2008;14(6):914-25.

Blair HC, Kalyvioti E, Papachristou NI, Tourkova IL, Syggelos SA, Deligianni D,
et al. Apolipoprotein A-1 regulates osteoblast and lipoblast precursor cells in
mice. Lab Invest. 2016;96(7):763-72.

Nistala H, Lee-Arteaga S, Carta L, Cook JR, Smaldone S, Siciliano G, et al.
Differential effects of alendronate and losartan therapy on osteopenia and
aortic Aneurysm in mice with severe Marfan Syndrome. Hum Mol Genet.
2010;19(24):4790-8.

Sekine C, Koyanagi A, Koyama N, Hozumi K, Chiba S, Yagita H. Differential
regulation of osteoclastogenesis by Notch2/Delta-like 1 and Notch1/Jagged1
axes. Arthritis Res Ther. 2012;14(2):R45.

Baloul SS, Gerstenfeld LC, Morgan EF, Carvalho RS, Van Dyke TE, Kantarci A.
Mechanism of action and morphologic changes in the alveolar bone in
response to selective alveolar decortication-facilitated tooth movement. Am
J Orthod Dentofacial Orthop. 2011;139(4 Suppl):83-101.

Kapoor P, Kharbanda OP, Monga N, Miglani R, Kapila S. Effect of orthodontic
forces on cytokine and receptor levels in gingival crevicular fluid: a systematic
review. Prog Orthod. 2014;15:65.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Exploration of key factors in Gingival Crevicular fluids from patients undergoing Periodontally Accelerated Osteogenic Orthodontics (PAOO) using proteome analysis
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Participants
	﻿Gingival crevicular fluid (GCF) collection and processing
	﻿Label-free quantitative proteomic screening
	﻿Extraction and enzymolysis of proteins
	﻿LC-MS/MS analysis
	﻿Bioinformatics analysis
	﻿Validation by ELISA


	﻿Statistical analysis
	﻿Statistical analysis of omics data
	﻿Statistical analysis of ELISA

	﻿Result
	﻿Label-free quantitative proteomic analysis
	﻿Statistical analysis of ELISA results
	﻿KLF10
	﻿SYT7
	﻿APOA1
	﻿FBN1
	﻿NOTCH1


	﻿Discussion
	﻿Conclusions
	﻿References


