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Abstract— Collagen triple helix repeat containing 1 (CTHRC1), a secreted glycoprotein,
is widely expressed in many tissues. It has been recently defined as a novel marker for rhe-
umatoid arthritis (RA), a systemic inflammatory disorder. However, the precise role of CT-
HRC1 in other chronic inflammatory diseases, like periodontal disease, remains unclear. This
research aimed to explore the presence of CTHRC1 in periodontal inflammation, determine
the precise role in inflammatory response modulation in periodontal ligament cells (PDLCs),
and explore its underlying mechanisms. In vivo gingival crevicular fluid (GCF) and gingivae
were obtained from healthy people and chronic periodontitis patients. Maxillary tissues of
mice with or without ligature-induced periodontitis were immunostained for CTHRC1.
In vitro human PDLCs were treated with tumor necrosis factor alpha (TNF-α) to mimic the
inflammatory environment. Small interfering RNA (siRNA) was used to silence CTHRC1.
SB203580 was used to inhibit the p38 mitogen-activated protein kinase (MAPK) pathway.
CTHRC1 was highly expressed in GCF and gingival tissues of periodontitis patients. Animal
models also revealed the same tendency. CTHRC1 knockdown promoted inflammatory
cytokine production and activated the p38 MAPK signaling pathway in PDLCs. Inhibiting
the p38 MAPK signaling pathway partially attenuated the inflammatory responses. This
study revealed that CTHRC1 was highly expressed in periodontitis and suggested that
CTHRC1 might play an important role in modulating periodontal inflammation.
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INTRODUCTION

Periodontitis is a bacteria-induced inflammatory con-
dition that destroys the supporting structures of the teeth. It
induces alveolar bone resorption and finally causes tooth
loss [1, 2]. The supporting structures consist of four parts:
gingiva, cementum, periodontal ligament (PDL), and alve-
olar bone. The PDL is a connective tissue rich in blood
vessels and fibroblasts which helps to connect the cemen-
tum and the alveolar bone [3]. PDL is anatomically close to
the bacteria in dental plaque and periodontal pockets, sug-
gesting PDL may play an essential role in defense against
bacteria [4]. As the dominant cells in the periodontal mem-
brane, periodontal ligament cells (PDLCs) isolated from
the diseased site present more proinflammatory cytokine
secretions [5]. Moreover, inflammation stimulation pro-
motes PDLCs to secret more proinflammatory cytokines
and chemokines, such as interleukin (IL)-1β, IL-6, IL-8,
TNF-α, and monocyte chemoattractant protein-1 [6–8].
All of these results suggest that PDLCs participate in the
onset and development of periodontitis.

Collagen triple helix repeat containing 1 (CTHRC1)
is a 28-kDa secreted glycoprotein containing a short colla-
gen motif with 12 Gly-X-Y repeats, and it is highly con-
served from lower chordates to mammals [9]. CTHRC1
works in many aspects, such as vascular remodeling,
adipogenic differentiation, bone metabolism, wound
healing, and malignant tumor progression [9–14]. In the
tooth movement rat model, PDLCs can express CTHRC1
physiologically, and CTHRC1 has a higher expression
level during alveolar bone remodeling [15]. Besides,
CTHRC1 can improve the mineralization ability of human
periodontal ligament stem cells (PDLSCs) in vitro [15].

Meanwhile, increasing evidences have displayed that
CTHRC1 has a close relationship with inflammatory dis-
eases, and it is a suppressor of inflammation [11, 16–20].
SerumCTHRC1 level is higher in people suffering from an
inflammatory disease such as fever, yeast and urinary tract
infections, thrush, diabetes, systemic lupus erythematosus,
and RA [16–18]. The CTHRC1 plasma level is also closely
related to the severity of hepatic inflammation in primary
biliary cholangitis [19]. The CTHRC1 expression level is
also greatly up-regulatedwhen the injuredmedial collateral
ligament is at the early stages of healing, which is charac-
terized as the inflammation stage [20]. Furthermore,
CTHRC1 knockout mice havemore severe symptoms after
inducing arthritis with a collagen antibody, suggesting that

CTHRC1 can suppress inflammation [11]. However, the
specific effect of CTHRC1 on periodontitis and its under-
lying mechanisms remains unclear.

The P38 MAPK signaling pathway is activated in
many inflammatory dental diseases such as temporoman-
dibular joint disorder, oral mucous membrane diseases,
and periodontitis [21]. Previous researches have verified
that it is the common pathway involved in inflammation
regulation. In addition, TNF-α is found to promote IL-8
production via phosphor-p38 (p-p38) MAPK accumula-
tion in human PDLCs [22]. So, we wondered whether p38
MAPK participated in our study. Thus, the purpose of our
study was to specify the presence of CTHRC1 in periodon-
tal inflammation, determine its precise role in inflammato-
ry response modulation in PDLCs, and explore the signal-
ing pathway.

MATERIALS AND METHODS

Collection of Clinical Samples

The clinical study was approved by the Medical
Ethics Committee of the Wuhan University School of
Stomatology (authorized c-14/2014). The informed con-
sent to participate in the study was obtained from patients.
Human gingival tissues and GCF were collected in accor-
dance with our previously reported protocols [23]. Briefly,
human inflammatory gingivae were obtained from patients
in need of surgical therapy, and healthy samples were taken
from healthy individuals receiving crown-lengthening sur-
gery. Then, these samples were f ixed in 4%
paraformaldehyde.

For GCF collection, 30 healthy individuals and 34
periodontitis patients were included through our inclusion
and exclusion criteria described in our previous study [23].
The first molar that suffered the severest inflammation was
isolated with cotton rolls and dried with air. An 8-mm-long
and 2-mm-wide chromatography paper (Whatman, Little
Chalfont, Buckinghamshire, UK) was inserted at the gin-
gival crevice and maintained for 30 s. Each tooth was
sampled in proximal and distal sites twice. Then, these
four paper strips were collected together and eluted with
500-μL sterile phosphate-buffered saline (PBS) buffer
(HyClone, Marlborough, MA, USA).
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Induction of Experimental Periodontitis and Sample
Collection

Ten male C57BL/6 mice (weighing 25–30 g) were
obtained from the Provincial Center of Disease Control
(Wuhan, China). They were shut in a specific-pathogen-
free condition and separated into two groups: healthy and
periodontitis groups. Briefly, general anesthesia was
performed through an intraperitoneal injection of pen-
tobarbital (1.3%, 5 mL/kg). Mice in the periodontitis
group suffered a 5-0 silk suture around the cervixes
of the bilateral maxillary second molar. Animals took
food and water freely in pre-ligation and post-ligation
periods. Seven days later, these mice were sacrificed,
and maxillary samples were collected. To obtain gin-
gival RNA, the buccal gingival tissues of the right
maxillary second molar were separated. They were
then placed in Eppendorf (EP) tubes filled with
RNAlater Stabilization Solution (Invitrogen, Santa
Clara, CA, USA) and stored at − 80 °C. After being
fixed in 4% neutral buffered paraformaldehyde for 24
h, these right segments were preserved in neutral
buffered paraformaldehyde, and these left segments
were decalcified in 10% ethylenediaminetetraacetic
acid for 6 weeks.

Hematoxylin and Eosin (H&E) Staining and Immuno-
chemistry (IHC)

After demineralization, these left segments of mice
and human gingival tissues were washed in PBS for 24 h,
dehydrated by using graded ethanol, embedded in paraffin,
and sliced into 4-μm thickness. For histological assess-
ment, paraffin-embedded blocks of mice periodontal tis-
sues were in the mesiodistal plane. Sections were dewaxed
and rehydrated before stained with H&E. For IHC, the
sections underwent an antigen retrieval step by Pepsin
(MXB Biotechnologies, Fuzhou, China) and incubated
with reagents of the UltraSensitive™ SP IHC Kit (MXB
Biotechnologies) as instructed and with anti-CTHRC1 pri-
mary antibodies (1:600, Abcam, Cambridge, UK) over-
night at 4 °C. The morphologies of the mice periodontal
tissues and human gingivae were observed and
photographed by using a microscope.

Enzyme-Linked Immunosorbent Assay (ELISA)

An ELISA kit was used to quantify CTHRC1 in
human GCF, and experiments were performed as the man-
ufacturer’s protocol (Reddot Biotech, Kelowna, British
Columbia, Canada). The concentrations of IL-6 and IL-8

were also determined by using an ELISA kit
(NeoBioscience, Shenzhen, China).

Isolation and Culture of PDLCs and Stimulation

Human wisdom teeth and premolars were extracted
from healthy individuals (12–22 years of age) for ortho-
dontic purposes from the Department of Oral and Maxil-
lofacial Surgery, Hospital of Stomatology, Wuhan Univer-
sity. All patients gave informed consent. We washed the
teeth with PBS and scraped off the PDL from the central
third of the roots. Then, the tissues were digested with 3
mg/mL collagenase I and cultured in alpha MEM supple-
mented with 10% fetal calf serum (ScienCell, San Diego,
CA, USA). The medium was changed every 3 days, and
cells of passages 2 through 5 were used for all experiments.
Human PDLCs were treated with human TNF-α (20 ng/
mL, Life Technologies, Carlsbad, CA, USA) to mimic the
inflammatory environment.

Cellular Immunofluorescence

After being fixed with 4% paraformaldehyde for 15
min, PDLCs were permeabilized by 0.5% Triton X-100 for
15 min. Then, samples were incubated with normal goat
serum at 37 °C for 60 min following rabbit anti-CTHRC1
antibodies (1:200, Abcam) until the next day at 4 °C. Next,
secondary antibodies conjugated to Cy3 (1:500, Beyotime,
Shanghai, China) were added for 1 h. DAPI (ZSGB-BIO,
Beijing, China) was used to dye nuclei. A fluorescence
microscope was used to observe and photograph the cells.

Small Interfering RNA (siRNA) Interference and
Transient Transduction

PDLCs were inoculated in six-well plates. When the
cell density reached 70–80% confluency, the cells were
transiently transfected with si-CTHRC1 (5′-CCC AUU
GAA GCU AUA AUU UTT-3′ and 5′-AAA UUA UAG
CUU CAA UGG GTT-3′) or si-NC bought from
GenePharma (Shanghai, China). The transfection reagent
PupMute (SignaGen, MD, USA) was used as its instruc-
tions. Forty-eight hours later, we added human TNF-α to
insult PDLCs.

RNA Extraction from Gingival Tissues and PDLCs

After dropping RNAlater Stabilization Solution, five
samples in the same group were combined in an EP tube
with TRIzol reagent (Invitrogen, Santa Clara, CA, USA).
The tissues were placed on ice and ground until invisible to
the human eyes. Then, we extracted RNA with
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chloroform–isopropanol and used ethanol to purify RNA.
Total RNA of PDLCs was lysed with TRIzol reagent and
then extracted in the same way without grinding.

Quantitative Real-Time PCR (qRT-PCR)

With the help of the PrimeScript RT Reagent Kit
(Takara, Kusatsu, Shiga, Japan), first-strand cDNA was
generated via reverse transcription. The primer sequences
are listed in Table 1, and the related genes were quantified
by using ChamQ™ SYBR® qPCR Master Mix (Vazyme,
Nanjing, China) in Applied Biosystems QuantStudio 6.
The relative fold change of gene expression was computed
according to the 2−ΔΔCt method after being normalized to
GAPDH [24].

Western Blot Assay

Cells were lysed in cell lysis buffer (Thermo Fisher
Scientific, Waltham, MA, USA) supplemented with phos-
phatase and protease inhibitors (Roche Diagnostics, India-
napolis, IN, USA). Total proteins were extracted by soni-
cation. After centrifugation at 15,000 ×g at 4 °C for 15min,
we collected the supernatant and assessed protein by a
bicinchoninic acid assay kit (Beyotime). Then, we loaded
25 μg of total proteins per lane in 12% sodium dodecyl
sulfate polyacrylamide gel electrophoresis and transferred
proteins to polyvinylidene difluoride membranes
(Millipore, Billerica, MA, USA). Five percent nonfat dry
milk was utilized to block unclear staining. Next, the
blocked membranes were incubated with primary antibod-
ies, anti-CTHRC1 (1:600, Abcam), p-p38 (1:1000, CST,
Boston, USA), total-p38 (1:1000, CST), and β-actin
(1:15,000, Proteintech, Wuhan, China). Target bands were
detected using a horseradish peroxidase-conjugated sec-
ondary antibody, anti-mouse (1:10,000, Proteintech), or
anti-rabbit (1:8000, Proteintech). The membranes were
visualized by using an Odyssey LI-COR scanner with the
addition of enhanced chemiluminescence detection re-
agents (Advansta, CA, USA).

Statistical Analysis

All experiments were repeated thrice separately. We
analyzed data by GraphPad Prism 8 (GraphPad Software,
San Diego, CA, USA) via t test and one-way analysis of
variance (ANOVA). Quantitative data from experiments
were presented as the mean ± SD. P < 0.05 meant statisti-
cally significant.

RESULTS

CTHRC1 Was Highly Expressed in Periodontitis
Patients and Animal Models

Clinical samples of GCF and gingival tissue were
collected from healthy people and chronic periodontitis
patients. Numerous inflammatory cells are distributed in
the connective tissue (Fig. 1a). IHC of gingival tissue
indicated more CTHRC1 expression in the chronic peri-
odontitis gingival tissues, especially in inflammatory cells
of the connective tissue (Fig. 1b). Detection of proinflam-
matory cytokine IL-1β, IL-6, and TNF-α was performed,
and the concentration was reported in our previous study
[25]. ELISA revealed that the production of CTHRC1 was
significantly higher in chronic periodontitis patients with P
= 0.0138 (Fig. 1c).

H&E staining of mouse periodontal tissues showed
the structural integrity of the epithelium in the healthy
group. Destroyed epithelium could be observed in the
ligature-induced periodontitis group (Fig. 1d). In the IHC
section, we also found that CTHRC1 was positive in
healthy ligament cells in mice, and PDLCs in the periodon-
titis group exhibited more brown positive staining (Fig.
1e). As expected, Cthrc1 mRNA expression was signifi-
cantly up-regulated in the periodontitis group (Fig. 1f). To
summarize, evidences from clinical samples and animal
models demonstrated that CTHRC1 had a higher expres-
sion level in periodontitis.

CTHRC1 Was Increased in PDLCs when Stimulated
by TNF-α In Vitro

Cellular immunofluorescence of CTHRC1 signals
revealed that CTHRC1 was located in the cytoplasm of
PDLCs (Fig. 2a). Increased mRNA levels of proinflamma-
tory cytokines IL-6, IL-8, and IL-1β were observed in
PDLCs when stimulated with TNF-α for 3, 6, and 12 h
(Fig. 2b–d). Meanwhile, mRNA and protein levels of
CTHRC1 were also obviously increased 3 h after stimula-
tion. Results of in vitro experiments were also in favor of
the notion that PDLCs expressed more CTHRC1 in an
inflammatory environment.

CTHRC1 Knockdown Promoted PDLC Inflammation

To further identify the function of CTHRC1 in the
inflammatory environment, we used siRNA to silence
CTHRC1 and Si-NC as the negative nontarget control.
CTHRC1 can be effectively curb checked by qRT-PCR
and western blot analysis (Fig. 3a, b). After PDLCs were
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incubated with or without TNF-α for 3 h, qRT-PCR was
executed to measure proinflammatory cytokine gene tran-
scription. The Si-C1 (Si-CTHRC1) group expressed more
IL-6, IL-8, and IL-1β than the Si-NC group, although they
were in the same inflammatory environment (Fig. 3c–e).
Moreover, we used the ELISA kit to assess proinflamma-
tory cytokine secretion in culture supernates. The data
revealed that TNF-α significantly promoted the production
of IL-6 and IL-8 in PDLCs. The blocking of the synthesis
of CTHRC1 also promoted the stimulatory effects of TNF-
α on cytokine expression (Fig. 3f, g). Based on the results,
we concluded that CTHRC1 knockdown promoted PDLC
inflammation.

CTHRC1 Knockdown Promoted PDLC Inflammation
Through the p38 Mitogen-Activated Protein Kinase
(MAPK) Signaling Pathway

To further elucidate the molecular mechanisms of
CTHRC1 in inflammation modulation, we conducted
Western blot analysis to analyze signaling pathway chang-
es. Western blot analysis indicated that p-p38 was signifi-
cantly enhanced after TNF-α treatment. The Si-C1 group
had more p-p38 expression compared with the Si-NC
group (Fig. 4a). We further validated the inhibitory effect
of SB203580 on PDLCs. Western blot analysis showed p-
p38 was dramatically decreased after treatment with
10 μM of SB203580 in dimethyl sulfoxide for 2 h (Fig.
4c). Meanwhile, SB203580 employment could suppress
the mRNA levels of IL-6 and IL-8 in the Si-C1 plus TNF-α
group and Si-NC plus TNF-α group although IL-1β
seemed to show no difference with or without the inhibitor
(Fig. 4c–e). Moreover, the results were further supported

by ELISA. p38 MAPK inhibitor treatment reduced the
secretion of proinflammatory cytokines IL-6 and IL-8 in
the TNF-α groups (Fig. 4f, g). Collectively, inhibiting the
p38 MAPK signaling pathway could partially restrain pro-
inflammatory cytokine expression in the CTHRC1 knock-
down plus TNF-α group.

DISCUSSION

In our study, we observed that as a suppressor of
inflammation, CTHRC1 was highly expressed in periodon-
titis in vivo and in vitro, and it might play an important role
in the process of periodontal inflammation. Knockdown
CTHRC1 led to significant upregulation of IL-6, IL-8, and
IL-1β at the TNF-α-stimulating level. The P38 MAPK
inhibitor could partially rescue the activation of IL-6, IL-8,
and IL-1β expression, suggesting that CTHRC1 suppressed
the production of proinflammatory cytokines in human
PDLCs partially by the p38 MAPK pathway (Fig. 5).

Upregulation of CTHRC1 has been reported in many
inflammatory diseases like RA and primary biliary
cholangitis [16–19]. CTHRC1 is also increased in the
healing gingiva [12]. Meanwhile, TNF deficiency also
has been reported to decrease the expression of CTHRC1
in brain tissues of mice [25]. These results indicate that
CTHRC1 is indispensable in inflammatory reactions.

Previous studies have reported that CTHRC1 expres-
sion is closely related to IL-6, IL-8, and IL-1β production
[26, 27]. To further explore the function of CTHRC1 in
inflammatory response, we used siRNA to silence
CTHRC1. The results showed that the PDLCs produced
more proinflammatory cytokines (IL-6, IL-8, and IL-1β) in

Table 1. Primer Sequence Used for qRT-PCR

Species Genes Primer sequences forward/reverse (5′-3′)

Human GAPDH CTTTGGTATCGTGGAAGGACTC
CAGTAGAGGCAGGGATGATGTT

Human CTHRC1 TCATCGCACTTCTTCTGTGGA
GCCAACCCAGATAGCAACATC

Human IL-6 CATCACCATCTTCCAGGAG
AGGCTGTTGTCATACTTCTC

Human IL-8 CCAAGGAAAACTGGGTGCAGAG
GGCACAGTGGAACAAGGACTTG

Human IL-1β GCACGATGCACCTGTACGAT
TGGAGAACACCACTTGTTGC

Mouse Gapdh GGAGATTGTTGCCATCAACGA
GAAGACACCAGTAGACTCCACGACA

Mouse Cthrc1 CCAGGTCGGGATGGATTC
AGCGTCTCCTTTGGGGTAAT
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the inflammatory environment. IL-6, IL-8, and IL-1β are
widely known as proinflammatory cytokines in periodon-
titis [28, 29]. They regulate the progression of periodontitis
in different ways. IL-6 has an inhibitory effect on PDLC
cementogenic differentiation, and it also contributes to
alveolar bone resorption in periodontitis [30, 31]. IL-8 is
a chemoattractant of polymorphonuclear leukocytes that
can induce neutrophil recruitment to lesions, resulting in
neutrophil-related periodontal tissue destruction [32]. IL-
1β modulates the response of the host to infection and
performs dual effects on the osteogenesis of PDLSCs; a
low dose of IL-1β promotes while a high dose inhibits the
osteogenesis of PDLSCs [33, 34].

Next, we investigated the underlying mechanism of
how CTHRC1 modulated TNF-α-induced inflammatory
responses. We found that increased production of IL-6, IL-
8, and IL-1β involved the p38 MAPK signaling pathway.
Previous studies have shown CTHRC1 regulates kinds of
signaling pathway such as TGF-β, Wnt, and integrin β/
FAK signaling pathway but not p38 MAPK signaling
pathway [35]. P38 MAPK is essential in accelerating pro-
inflammatory cytokine production via promoting gene
transcription and mRNA translation [36]. The P38 MAPK
pathway participates in IL-6, IL-8, and IL-1β production in
human PDLCs [37–39]. Interestingly, in our study, when
PDLCs were in a normal situation, knockdown of

Healthy Periodontitis

Healthy Periodontitis

Healthy Periodontitis

Healthy Periodontitis

a b c

d fe

Fig. 1. CTHRC1 had a higher expression level in periodontitis animal models and patients. a Images of H&E staining showed human gingivae. Large
amounts of inflammatory cells were distributed in the connective tissue. b IHC staining for CTHRC1 in gingival tissues of human samples. Increased C-
THRC1 protein can be found in inflammatory gingiva. cMeasurement of CTHRC1 in the GCF with an ELISA kit. 30 healthy people and 34 patients with
diagnosed chronic periodontitis were contained. d Images of H&E staining showed periodontal tissues of mice. Destroyed epithelium with obvious infla-
mmatory cell infiltration could be observed in the ligature-induced periodontitis group. e IHC staining for CTHRC1 in periodontal tissues of mice. Increased
CTHRC1 protein could be found in PDLCs. f The CTHRC1 mRNA level in mouse gingiva showed more CTHRC1 mRNA in the periodontitis group. *P <
0.05, ***P < 0.001 versus the healthy group.
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CTHRC1 increased phosphorylation of p38, but produc-
tions of inflammatory cytokines had no change. This could
be due to the fact that besides MAPK signaling pathways,
periodontal ligament cell cytokines can be mediated by
many other intracellular signaling pathways [40, 41].

In the healthy condition, modulators may work togeth-
er to keep the cytokine balance. SB203580, an inhib-
itor of p38 MAPK, could suppress the increased pro-
duction of IL-6 and IL-8 in PDLCs due to CTHRC1
knockdown, whereas IL-1β had no change. This could

Fig. 2. CTHRC1 expression increased in PDLCs when stimulated by TNF-α in vitro. a Images of immunofluorescence assay. The blank group was
incubated with PBS instead of primary antibody. Pictures illustrated that CTHRC1was located in the cytoplasm of PDLCs. b–d PDLCs were stimulated with
or without TNF-α for different hours. Proinflammatory cytokines IL-6, IL-8, and IL-1βwere examined by qRT-PCR. e and f The mRNA level of CTHRC1
was examined by qRT-PCR, and the protein level was examined bywestern blotting assay after incubation with TNF-α for 0, 3, 6, and 12 h. *P < 0.05; **P <
0.01; ***P < 0.001 versus the 0-h group.
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be because CTHRC1 regulated IL-1β production
through other ways or TNF-α facilitated IL-1β expres-
sion via p38-independent manner [35, 42]. These re-
sults supported the hypothesis that CTHRC1 knock-
down promoted inflammatory responses partially by
p38 MAPK activation in human PDLCs.

Surprisingly, the expression of CTHRC1 in PDLCs
increased dramatically in the inflammatory environment.
CTHRC1 acted as a suppressor of periodontal inflamma-
tion. This negative feedback might help to keep the host in
balance. The result was consistent with the previous study,
in which joints of Cthrc1 knockout mice suffered more

Fig. 3. CTHRC1 silencing promoted inflammation in PDLCs. a CTHRC1 was silenced by using siRNA for 48 h. The mRNA expression level was do-
wnregulated to approximately 20% according to qRT-PCR. b Western blot analysis showed hardly any bands in the siRNA treatment groups. c–e Proinf-
lammatory cytokines IL-6, IL-8, and IL-1βwere examined by qRT-PCR. CTHRC1 knockdown plus TNF-α group had higher levels of IL-6, IL-8, and IL-1β
mRNA compared with the TNF-α alone group. f and g Culture supernates were collected to determine proinflammatory cytokine secretion with an ELISA
kit. Si-C1 means siRNA of CTHRC1. ***P < 0.001 versus the Si-NC alone group. #P < 0.05, ###P < 0.001 versus the Si-NC with TNF-α group.
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Fig. 4. CTHRC1 knockdown promoted PDLC inflammation through the p38 MAPK signaling pathway. a The protein level of p-p38 was measured by
western blot analysis. P-p38 was dramatically enhanced in the CTHRC1 knockdown plus TNF-α group. b Histograms represented the quantification of p-
p38/total p38. c Protein level of p-p38 after different treatments, and p-p38 could be suppressed by SB203580 (10 μM). d–fmRNA expression of IL-6, IL-8,
and IL-1β was examined by qRT-PCR after different treatments. g and h The levels of secreted extracellular IL-6 and IL-8 were measured by ELISA.
SB203580 could partially restrain proinflammatory cytokine expression in the CTHRC1 knockdown plus TNF-α group. Si-C1 means siRNA of CTHRC1.
***P < 0.001 versus the Si-NC alone group. ###P < 0.001 versus the Si-NC plus TNF-α group. †††P < 0.001 versus the Si-C1 plus TNF-α group.
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severe inflammation than those of the wildtype after in-
ducing arthritis with a collagen antibody [11]. Originally
discovered in injured arteries, CTHRC1 can contribute to
vascular remodeling and cell migratory ability [9].
CTHRC1 improves the mineralization ability of PDLSCs
through upregulation of a transcriptional coactivator with
PDZ-binding motif (TAZ) [15]. Additionally, it helps to
inhibit osteoclast differentiation, which leads to reduced
bone formation in Cthrc1 null mice [11]. These features
can help periodontal regeneration. Along with our study,
CTHRC1 could be an attractive therapeutic target in pa-
tients with periodontitis, which could not only suppress
proinflammatory cytokine production but also promote
periodontal regeneration. However, further research is re-
quired to investigate the functions of CTHRC1 in peri-
odontitis progression and treatments.

In conclusion, this study illustrated the expression
pattern of CTHRC1 in the periodontal tissue of periodon-
titis patients and animal models. CTHRC1 was highly
expressed in periodontitis in vivo and in vitro. Knockdown
of CTHRC1 promoted inflammation of PDLCs partially
by activating the p38 MAPK signaling pathway. CTHRC1
might play an important role in the process of periodontal
inflammation and implied that CTHRC1 could be a

potential therapeutic regimen to relieve the inflammatory
state in periodontitis.
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