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ARTICLE INFO ABSTRACT
Keywords: Background: Clg/tumour necrosis factor-related protein 3 (CTRP3) plays important roles in metabolism and
Clg/tumour necrosis factor-related protein-3 inflammatory responses in various cells and tissues. However, the expression and function of CTRP3 in salivary
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glands have not been explored.

Methods: The expression and distribution of CTRP3 were detected by western blot, polymerase chain reaction,
immunohistochemical and immunofluorescence staining. The effects of CTRP3 on tumour necrosis factor (TNF)-
o-induced apoptosis and barrier dysfunction were detected by flow cytometry, western blot, co-
immunoprecipitation, and measurement of transepithelial resistance and paracellular tracer flux.

Results: CTRP3 was distributed in both acinar and ductal cells of human submandibular gland (SMG) and was
primarily located in the ducts of rat and mouse SMGs. TNF-a increased the apoptotic rate, elevated expression of
cleaved caspase 3 and cytochrome C, and reduced B cell lymphoma-2 (Bcl-2) levels in cultured human SMG
tissue and SMG-C6 cells, and CTRP3 further enhanced TNF-a-induced apoptosis response. Additionally, CTRP3
aggravated TNF-a-increased paracellular permeability. Mechanistically, CTRP3 promoted TNF-a-enhanced TNF
type I receptor (TNFR1) expression, inhibited the expression of cellular Fas-associated death domain (FADD)-like
interleukin-1p converting enzyme inhibitory protein (c-FLIP), and increased the recruitment of FADD with
receptor-interacting protein kinase 1 and caspase 8. Moreover, CTRP3 was significantly increased in the labial
gland of Sjogren’s syndrome patients and in the serum and SMG of nonobese diabetic mice.

Conclusions: These findings suggest that the salivary glands are a novel source of CTRP3 synthesis and secretion.
CTRP3 might promote TNF-a-induced cell apoptosis through the TNFR1-mediated complex II pathway.

1. Introduction superfamily adipokines [1]. CTRP3 is widely expressed in cartilage,
adipose tissue, muscle, testis, heart, kidney and liver and is involved in

Clg/tumour necrosis factor-related protein (CTRP) 3 was initially the modulation of metabolism, host defence and inflammation [2]. As an
described in 2001 as a secretory protein expressed in the cartilage and adiponectin paralogue, CTRP3 regulates triglyceride metabolism in he-
kidney of adult mice and has been identified as a member of the CTRP patic cells [3], promotes proliferation in endothelial and vascular
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smooth muscle cells, and elevates adipokine secretion in adipocytes
[4-6]. However, CTRP3 may exert distinct functions in different path-
ological processes. CTRP3 suppresses cardiomyocyte apoptosis and
promotes angiogenesis after cardiac infarction [7], whereas it aggra-
vates f-glycerophosphate-induced vascular calcification [8]. Recent
studies have identified several adipokines, such as adiponectin and
leptin, that are expressed in salivary glands [9,10], and they function in
the regulation of saliva secretion, inflammation and apoptosis [11,12].
Changes in leptin and adiponectin levels are associated with the pro-
gression of salivary gland tumours [13,14]. However, whether CTRP3 is
synthesized and secreted by salivary glands has not been determined.

The major types of cell death include necrosis, apoptosis, autophagy,
pyroptosis and oncosis. Apoptosis is characterized by distinctive
morphological changes in the cellular structure and a series of
biochemical enzyme-dependent processes that help to remove cells from
the body with minimal damage to neighbouring tissues [15]. Inappro-
priate apoptosis is involved in many pathological conditions, including
ischemic damage, neurological disorders, cancer and autoimmune dis-
eases, such as Crohn’s disease, rheumatoid arthritis, and Sjogren’s
syndrome [16-19]. As a chronic inflammatory autoimmune disease,
Sjogren’s syndrome induces hyposecretion in exocrine glands [20],
especially in salivary glands, and it is primarily a kind of salivary epi-
thelitis [21]. Among the upregulated proinflammatory cytokines in
Sjogren’s syndrome, tumour necrosis factor (TNF)-a is a classically
important inducer of apoptosis, and it is also involved in regulating
differentiation, growth, and barrier function [22]. In the salivary glands
of Sjogren’s syndrome patients, upregulated TNF-a induces cell
apoptosis and barrier dysfunction [23], which is a vital mechanism for
hyposalivation and glandular atrophy [16,24]. TNF-a disrupts barrier
function [25], which is mainly controlled by tight junction proteins,
such as the claudin superfamily, and accumulated TNF-a causes cell
apoptosis in salivary epithelial cells, directly reducing the saliva-
secreting resource [26]. TNF-a-induced apoptosis occurs through the
binding of TNF type I receptor (TNFR1), which contains a death domain
that transmits apoptotic signals through caspase activation. Reactive
oxygen species (ROS) have been implicated in the induction of inflam-
mation and tissue damage in Sjogren’s syndrome [27]. Hydrogen
peroxide (H03), as the main ROS inducer, mediates apoptotic pro-
gression in Sjogren’s syndrome [28].

Therefore, this study was designed to investigate the expression of
CTRP3 in the salivary glands and to explore its role and underlying
mechanism in the regulation of TNF-a-induced salivary epithelial
apoptosis.

2. Materials and methods
2.1. Ethics

The research protocols for human salivary gland tissues were
approved by the Ethics Committee for Human Experiments of Peking
University School and Hospital of Stomatology and performed in keep-
ing with the guidelines of the Declaration of Helsinki 2000. All partici-
pants provided informed consent. The animal experimental procedures
were approved by the Ethics Committee of Animal Research, Peking
University Health Science Center, and complied with the Guide for the
Care and Use of Laboratory Animals (NIH Publication No. 85-23,
revised 1996).

2.2. Human and animal samples

Human submandibular glands (SMGs) were obtained from 15 pa-
tients (45-67 years old, 12 male) who underwent functional neck
dissection for their primary squamous cell carcinoma in the oral and
maxillofacial regions. Human parotid glands (PGs) were obtained from 6
patients (35-57 years old, 4 male) who underwent extended resection
for their pleomorphic adenoma in PG. The patients with a history of

Cellular Signalling 85 (2021) 110042

radiotherapy or chemotherapy were excluded. All SMG and PG tissues
used were confirmed to be histologically normal. Human labial glands
(LGs) were obtained from the patients with Sjogren’s syndrome, and LGs
obtained from mucocele patients served as controls. Human serum and
saliva samples were collected from 134 healthy controls (18 to 26 years
old, 58 male) during routine health screening. The exclusion criteria
were as follows: (1) having hypertension, diabetes, heart disease, hep-
atopathy, nephropathy, or other serious diseases, such as fractures and
tumours; (2) having unfilled dental caries, periodontitis, and oral
mucosal diseases; (3) having an infection; and (4) taking medications.

Rat SMGs and PGs were obtained from Sprague-Dawley rats (male,
weight: 180-220 g), and mouse SMGs, PGs and serum were obtained
from 8- and 12-week-old female BALB/c and nonobese diabetic (NOD)
mice.

2.3. Cell culture

An immortalized rat SMG acinar cell line, SMG-C6 cell line was
grown at 37 °C in a humidified 5% CO, atmosphere in DMEM/F12 (1:1
mixture) medium containing 2.5% fetal bovine serum, 5 mg/L trans-
ferrin, 1.1 pmol/L hydrocortisone, 0.1 pmol/L retinoic acid, 2 nmol/L
thyronine T3, 5 mg/L insulin, 80 pg/L epidermal growth factor, 50 mg/L
gentamicin sulfate, 5 mmol/L glutamine, 100 U/ml penicillin, and 100
mg/L streptomycin as described previously [29]. All constituents uti-
lized in culturing SMG-C6 cells were obtained from Sigma-Aldrich Co.

2.4. Human SMG tissue culture

Human SMG tissues were isolated, placed into 4 °C Krebs-Ringer
Hepes solution (120 mmol/L NaCl, 11.1 mmol/L glucose, 5.4 mmol/L
KCl, 1 mmol/L CaCl,, 0.8 mmol/L MgCly, 20 mmol/L HEPES, pH 7.4)
and transported to the laboratory within 30 min after collection. The
samples were cut into cubes (side length: 0.2 cm), immersed in DMEM/
F12 (1:1 mixture) with 10% fetal bovine serum, and subsequently
incubated with 5% CO, in a humidified incubator at 37 °C for the
indicated time as described previously [30].

Human and rat SMG tissues and SMG-C6 cells were incubated with
TNF-a (#400-14, Peprotech, Rocky Hill, NJ, USA) in the present or
absent human recombinant globular CTRP3 (#00082-04-100, Aviscera
Bioscience, Santa Clara, CA, USA) for the indicated doses and times. In
the preliminary study, 200 ng/mL and 300 ng/mL TNF-a significantly
increased the apoptosis rate and the level of cleaved caspase 3, but 100
ng/mL TNF-a did not induce obvious change (seen in supplementary fig.
1), then we used 200 ng/mL TNF-« in apoptosis experiment. HoO2 (100
pmol/L for 24 h) was used to induce apoptosis in SMG tissue and SMG-
C6 cell line, which concentration was reported previously in rat parotid
gland [31].

2.5. Engyme-linked immunosorbent assay (ELISA)

Human serum and saliva CTRP3 levels were measured by a human
CTRP3 ELISA kit (SKO0082, Aviscera Bioscience, Santa Clara, CA, USA).
The linear ranges of the assays were 5 to 320 ng/mL for CTRP3.

Mouse serum CTRP3 levels were measured by a mouse CTRP3 ELISA
kit (JL46153-96 T, Jianglai Bio, Shanghai, China). The linear ranges of
the assays were 0.625 to 20 pg/L for CTRP3.

2.6. Semiquantitative polymerase chain reaction (PCR) and quantitative
PCR

Total RNA was isolated from cells and tissues using TRIzol (Invi-
trogen, CA, USA) according to the manufacturer’s instructions. cDNA
was synthesized from reverse-transcribed RNA (1 pg) using the First-
Strand cDNA Synthesis kit (Fermentas, Burlington, ON, Canada). The
primer sequences were as follows: p-actin, forward TCGTGCGTGA-
CATTAAAGAG, reverse ATTGCCGATAGTGATGACCT; CTRP3, forward
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CGTGGAGGAAGTGTATGTG, reverse CTCAGATCCTAACAACCCT as
described previously [8,32]. Semiquantitative PCR was performed by
electrophoresis on a 1.5% agarose gel, and DNA bands were visualized
by staining with ethidium bromide. For quantitative PCR, amplifications
were performed for 40 cycles using an Opticon continuous fluorescence
detection system and the DyNAmo™ ColorFlash Probe gqPCR Kit
(Thermo Fisher Scientific, MA, USA). The qPCR experiment was con-
ducted independently for 5 times with triplicates. The average quanti-
fication cycle was calculated.

2.7. Western blot analysis

The samples were homogenized with lysis buffer (RIPA buffer,
#89900, Thermo Fisher Scientific) and centrifuged. The supernatant
was collected and the protein concentration was determined by the
Bradford method (M&C Gene Technology Ltd). Equal amounts of pro-
teins (20 pg) were separated by 12% SDS-PAGE, transferred to a poly-
vinylidene difluoride membrane, and subsequently incubated with
primary and secondary antibodies. Immunoreactive bands were visual-
ized with enhanced chemiluminescence (Thermo Scientific Pierce). The
target protein band densities were quantified by positive surface area
and grey scale value using Image J software (National Institutes of
Health). p-actin was used as an internal control for protein loading.
Antibodies against CTRP3 (#ab36870), Fas-associated death domain
(FADD, #ab24533) and caspase 10 (#ab2012) were obtained from
Abcam (Cambridge, MA, USA). Antibodies against p-actin (#sc-58,673)
and caspase 12 (#sc-12,396) were purchased from Santa Cruz Biotech-
nology (Santa Cruz, CA, USA). Antibodies against claudin-1 (Cln-1,
#BS1063), claudin-3 (Cln-3, #BS1067), claudin-4 (Cln-4, #BS1068),
cytochrome C (#BS1689) and TNFR1 (#BS1478) were purchased from
Bioworld Technology (Minneapolis, MN, USA). Antibodies against
cleaved caspase 3 (#9446), B cell lymphoma-2 (Bcl-2, #3498), Bax
(#2772), caspase 8 (#4790), receptor-interacting protein kinase 1
(RIPK1, #3493), cellular FADD-like interleukin-1p converting enzyme
inhibitory protein (c-FLIP, #8510), phospho-nuclear factor-kB (NF-kB)
P65 (p-p65, #3033), and total-NF-kB p65 (t-p65, #8242) were obtained
from Cell Signalling Technology (Beverly, MA, USA).

2.8. Histological, immunohistochemical and immunofluorescence staining

The salivary gland sections of humans, rats, and mice (5 pm thick)
were fixed in 4% paraformaldehyde and stained with haematoxylin and
eosin. For immunohistochemical staining, the sections were incubated
with primary antibody against CTRP3 (#ab36870) followed by incu-
bation with horseradish peroxidase-conjugated secondary antibody
(Zhongshan Laboratories, Beijing, China). The reaction was developed
with 3,3-diaminobenzidine. A semi-quantitative immunoreactivity
score was analysed from five randomly chosen fields from each section
by ImageJ software (NIH, Bethesda, MD, USA) [33]. For immunofluo-
rescence, SMG-C6 cells were incubated with CTRP3 antibody and then
with Alexa Fluor® 488-conjugated secondary antibody (Molecular
Probes, OR, USA). The images were acquired on a confocal microscope
(Leica TCS SP8, Wetzlar, Germany).

2.9. Flow cytometry

Apoptotic rates were detected with the Annexin V-FITC apoptosis
detection kit (#AD10, Dojindo, Kumamoto, Japan) according to the
manufacturer’s instructions. Cells were washed in phosphate buffer sa-
line (PBS), resuspended in 300 pL of binding buffer, incubated with 5 pL
of Annexin V-FITC solution for 30 min, and followed with 2.5 pL of
propidium iodide for 5 min. Cell apoptosis was assessed by flow
cytometry (FACSCalibur; Becton Dickinson, NJ, USA).

To detect TNFR1 expressed at the cell surface, SMG-C6 cells were
harvested and resuspended in PBS. FITC-labelled TNFR1 antibody (#sc-
12,746 FITC, Santa Cruz Biotechnology, CA, USA) was added to the cells
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for 30 min on ice. After removal of unbound antibodies (3x wash with
PBS), the cells were analysed by flow cytometry (FACSCalibur; Becton
Dickinson, NJ, USA).

2.10. Measurement of transepithelial resistance and paracellular tracer

Sflux

Transepithelial resistance (TER) was detected by using epithelial volt
ohm meter (WPI, FL, USA). SMG-C6 cells were cultured on Corning
Transwell™ filters (6.5-mm diameter, 0.4-um pore size). The final TER
values were subtracted from the blank value and expressed as Qecm?. A
4-kDa or 40-kDa FITC-dextran flux assay was performed to detect par-
acellular permeability as described previously [30,34].

2.11. Immunoprecipitation

The immunoprecipitation assay was performed using the Pierce Co-
Immunoprecipitation Kit (#26149, Thermo Fisher Scientific Inc., MA,
USA) according to the manufacturer’s protocol. For statistical analysis,
the amounts of the same proteins in the input fraction with the immu-
noprecipitated antibodies were measured as controls.

2.12. Statistical analysis

GraphPad Prism 5.0 software was used to analyse the data. All data
are presented as the mean + SEM. Statistical analysis was conducted
with unpaired Student’s t-test for two groups and one-way analysis of
variance followed by Bonferroni’s test for multiple groups. P-value
<0.05 was considered to be significant.

3. Results
3.1. Expression pattern of CTRP3 in salivary glands

RT-PCR and western blot analysis showed that CTRP3 mRNA and
protein were expressed in human, rat and mouse SMG and PG tissues, as
well as in SMG-C6 cells (Fig. 1a and b). Rat testicular tissues were used
as positive controls. Inmunohistochemical staining showed that CTRP3
was widely distributed in the cytoplasm of serous acinar and ductal cells
from human SMG but stained only faintly in mucous acinar cells. In rat
and mouse SMGs, CTRP3 was primarily located in granular convoluted
tubules, which are unique secretory structures differentiated from stri-
ated ducts in rodent SMG, and was faintly stained in both serous and
mucous acinar cells. In human and rat PGs, CTRP3 was predominantly
distributed in the cytoplasm of serous acinar cells and only slightly
stained in ductal cells. In mouse PG, CTRP3 was primarily located in
granular convoluted tubules and was faintly expressed in acinar cells
(Fig. 1c). Additionally, the immunofluorescence image showed that
CTRP3 was distributed in the cytoplasm of SMG-C6 cells (Fig. 1d).

ELISA results showed that the level of CTRP3 was 128.24 + 8.15 ng/
mL in serum and 49.90 + 8.06 ng/mL in saliva in 134 healthy volun-
teers, suggesting that CTRP3 synthesized in salivary gland cells was
secreted into the saliva (Fig. 1e). There were no differences in serum and
saliva CTRP3 concentrations between males and females (Fig. 1f).

3.2. CTRP3 promotes TNF-a-induced apoptosis in rat SMG cells and
human SMGs

To explore the role of CTRP3 in salivary glands, annexin V-FITC/
propidium iodide double staining was performed. Incubation of SMG-C6
cells with TNF-a (200 ng/mL) for 36 h significantly increased the
apoptotic rate. Notably, preincubation with CTRP3 (2 pg/mL) for 30 min
significantly promoted the TNF-a-induced cell apoptotic rate compared
with that of TNF-a alone group (Fig. 2a and b). To confirm the role of
CTPR3 in cell apoptosis, we detected changes in apoptosis-related pro-
teins. Cytochrome C released from mitochondria into the cytoplasm
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Fig. 1. Expression and distribution of CTRP3 in the salivary glands. (a) The mRNA expression of CTRP3 in the submandibular gland (SMG) and parotid gland (PG) of
humans, rats and mice. (b) The protein expression of CTRP3 in the SMG and PG. (¢) Inmunohistochemical staining of CTRP3 in the SMG and PG, s: serous acinus, m:
mucous acinus, d: duct. (d) Immunofluorescence staining of CTRP3 in SMG-C6 cells. (e) The concentrations of CTRP3 in serum and saliva. Values are the mean + SEM
from 134 healthy volunteers. (f) The concentrations of CTRP3 in the serum and saliva of males (N = 58) and females (N = 76).

triggers the apoptosis process, and cleaved caspase-3 is essential for the
execution of apoptosis [35]. TNF-a increased, and CTRP3 further
enhanced, the expression levels of cleaved caspase 3 (Fig. 2¢) and cy-
tochrome C (Fig. 2d). The Bcl-2 family regulates cytochrome C release

from mitochondria to the cytoplasm, and Bcl-2 is known as an anti-
apoptotic protein [35]. TNF-o decreased Bcl-2 expression, and CTRP3
promoted TNF-a-induced Bcl-2 reduction (Fig. 2e). Neither TNF-a nor
CTRP3 induced notable changes in Bax expression (Fig. 2f). Caspase 12
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Fig. 2. Effect of CTRP3 on TNF-a-induced apoptosis in SMG-C6 cells. SMG-C6 cells were incubated with TNF-a (200 ng/mL) for 36 h in the absence or presence of
CTRP3 (2 pg/mL) preincubation for 30 min, and then, cell apoptosis was evaluated by Annexin V-FITC/propidium iodide double staining using flow cytometry assay
(a). Statistical analysis is shown in (b). The protein expression levels of cleaved caspase 3 (C. Caspase 3) (c), cytochrome C (d), Bcl-2 (e), Bax (f), and caspase 12 (g)

were detected by western blot analysis in SMG-C6 cells. *P < 0.05.

is known to regulate mitochondria-mediated apoptosis [35], while TNF-
a and CTRP3 did not alter caspase 12 expression (Fig. 2g). CTRP3 alone
did not affect the cell apoptosis rate and the expression of apoptosis-
related proteins in SMG-C6 cells. These results suggested that CTRP3
enhanced TNF-a-induced cell apoptosis in SMG-C6 cells.

Since previous studies have reported that CTRP3 plays an anti-
apoptotic role in various tissues and cells [7,36,37], we further evalu-
ated the facilitating apoptotic effect of CTRP3 on SMG cells treated with
low doses of TNF-a. As shown in Fig. 3a and b, treatment cells with 100
ng/mL TNF-a for 36 h alone did not affect the expression of cleaved
caspase 3, Bcl-2 and Bax, suggesting that this relatively low dose of TNF-
a did not induce salivary epithelial apoptosis. However, when SMG-C6
cells were preincubated with 2 pg/mL CTRP3 for 30 min prior to 100
ng/mL TNF-a treatment, the expression of cleaved caspase 3 was
significantly increased, and Bcl-2 was considerably decreased (Fig. 3a
and b). These findings further indicated that CTRP3 enhanced TNF-
a-mediated cell apoptosis in SMG-C6 cells.

To clarify the effect of CTRP3 on TNF-a-induced apoptosis in

different species, we performed the experiments in cultured human SMG
tissue. Consistent with the results obtained in SMG-C6 cells, TNF-a (200
ng/mL) significantly increased the expression of cleaved caspase 3, cy-
tochrome C, and caspase 10, whereas decreased Bcl-2 expression (Fig. 3¢
and d). Furthermore, CTRP3 preincubation further promoted TNF-
a-induced changes of apoptosis-related proteins compared with TNF-a
treatment alone. These data confirmed that CTRP3 promoted TNF-
a-induced cell apoptosis in human SMGs.

3.3. CTRP3 does not affect Hy02-induced apoptosis in rat SMG cells and
human SMGs

H50,, which is a free radical that belongs to ROS, conventionally
induces oxidative stress and apoptosis responses [38]. We detected the
effect of CTRP3 on Hy0,-induced apoptosis in SMG-C6 cells. As shown in
Fig. 4a and b, treatment with Hy0 (100 pmol/L for 24 h) significantly
increased the expression of cleaved caspase 3 and cytochrome C and
decreased the expression of Bcl-2 in SMG-C6 cells. Notably, CTRP3 did
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Fig. 3. Effect of CTRP3 on TNF-a-treated SMG-C6 cells and human SMG tissues. SMG-C6 cells were incubated with TNF-a (100 ng/mL) for 36 h in the absence or
presence of CTRP3 (2 pg/mL) pre-treatment. Expression of cleaved caspase 3 (C. Caspase 3), Bcl-2 and Bax was detected by western blot analysis (a), and statistical
analysis is shown in (b). Human SMG tissues were incubated with TNF-a (200 ng/mL) for 36 h in the absence or presence of CTRP3 (2 pg/mL) pre-treatment for 30
min, and the protein expression of C. caspase 3, cytochrome C, caspase 10, Bcl-2 and Bax was detected in incubated human SMGs (c), and statistical analysis is shown
in (d). Values are the mean + SEM from 4 to 6 independent experiments. *P < 0.05 and **P < 0.01.

not affect the HyOs-induced changes in apoptosis-related proteins.
Consistent with the results obtained in SMG-C6 cells, CTRP3 did not
affect the HyO,-induced alterations, including cleaved caspase 3, cyto-
chrome C, caspase 10, Bcl-2, and Bax in human SMG tissues (Fig. 4c and
d). These results suggested that CTRP3 was involved in TNF-a-induced,
but not HyO»-induced, salivary acinar apoptosis.

3.4. CTRP3 accelerates TNF-a-induced barrier dysfunction in SMG-C6
cells

To determine the effect of CTRP3 on epithelial paracellular perme-
ability, TER and the paracellular flux of FITC-dextran with different
molecular weights were detected. SMG-C6 cells were cultured for 6 days
on Transwell inserts to form a polarized monolayer. TNF-a (10 ng/mL)
significantly reduced the TER value (Fig. 5a) and increased the para-
cellular permeability of 4 kDa and 40 kDa FITC-dextran flux (Fig. 5b and
¢) in SMG-C6 cells at 24 h. These responses induced by TNF-a were
enhanced by CTRP3 (2 pg/mL) preincubation. Claudins are important
transmembrane proteins of tight junctions. TNF-a (10 ng/mL) alone
decreased Cln-3 expression but did not affect Cln-1 and Cln-4 levels at
24 h (Fig. 5d-5f). However, CTRP3 preincubation with 10 ng/mL TNF-q

further decreased the levels of Cln-1, CIn-3 and Cln-4. These results
indicated that CTRP3 accelerated TNF-a-induced epithelial barrier
dysfunction in salivary gland cells.

3.5. CTRP3 further increases TNF type I receptor expression and complex
II formation induced by TNF-a

TNF-a induces epithelial dysfunction via activation of its receptor
TNFR1. The intracellular death domain of TNFR1 recruits the TNFR1-
associated death domain protein and RIPK1 to form complex I and
then to recruit FADD and caspase 8 precursor to form complex II, which
mediates classical apoptotic signal transduction [39]. Treatment with
TNF-a (200 ng/mL for 6 h) significantly increased TNFR1 expression in
SMG-C6 cells, and CTRP3 preincubation with TNF-a further upregulated
TNFR1 expression compared with the control and TNF-a groups, and
CTRP3 alone slightly increased the expression of TNFR1 (Fig. 6a). Flow
cytometry results showed that the expression of TNFR1 at the cell sur-
face was increased in both CTRP3 and TNF-a groups and was further
elevated in CTRP3 + TNF-a group at 6 h (Fig. 6b). Using an immuno-
precipitation method, we measured the recruitment of FADD with RIPK1
and caspase 8 in SMG-C6 cells, which are the primary protein



M. Mei et al.

Cellular Signalling 85 (2021) 110042

a . b
4
&S
,éo\ C‘} 0 4 * & 25 15
N 2 5 3 i c
® ‘2‘9 Q‘? » % g’ gE?o ERT)
© w2 o v 15 T g
C.Caspase 3 — — — 19kDa G §2 £ $1o S
© b S b Y os |—T—|
(S o = -
. - 0.5 [*3
Cytochrome C p— 15kDa © r‘|| i || oy ooll | | (7} oo | |
A > ’b >
o Orv Q Q > Q Q Of» < Q
Bel-2| e s di | 26 kDa € O & &€ WO & & & &
°o° R x& 6& (,00 ‘?‘ ro &S (,°° & &
Bax | e e < w | 21 kDa a0 " w
B-actin| s e e s |42kDa 20
c15
SMG-C6 cells 810 ‘ \ |l‘
S,
3
R0.5 | | | |
©
@0
€ Q0" Qg{b &
v A A
® ox(; 4
v
Qv
c d
3]
X4
&
'é\ xé Qgﬁ 20 2.0
ov O 4 *% 1
o & - = &
o =3 o _ 15 e c 1.5
C.Caspase 3| . e 19 kDa §‘32 5‘310 94
o % £°9 3%
Cytochrome C © s s e |15kDa O =1 I'_'l [-—I geos 0 205
© 3 oo O ol T
Caspase 10 - - w | 59 kDa > On L & o\ 0*» L O ‘o O“v L L
S & & & & & R PP
Bcl-2| " wwe | 26 kDa 0: O'b O'l'
R DY
Bax | s s o | 21 kDa 1.5 o 2.0
£ c 15
Bractin | ces w— c— — 42 kDa '51-0 =
2 § 10
Human SMG tissue §°-5 |‘| |_'r_| %' 0.5 | | | |
[3]
Mool . Y
> > ) > \ "‘:
o O R R S Q
& &
& & & & Qv» &q. &q.
< o"o < < x
v
R Qw

Fig. 4. Effect of CTRP3 on hydrogen peroxide (H20,)-induced apoptosis. SMG-C6 cells were incubated with H,O, (100 pmol/L) for 24 h in the absence or presence of
CTRP3 (2 pg/mL) pre-treatment for 30 min. Expression of apoptosis-related proteins was detected by western blot analysis (a), and statistical analysis is shown in (b).
Fresh human SMG tissue was incubated with H,O, (100 pmol/L) for 24 h in the absence or presence of CTRP3 (2 pg/mL) pre-treatment. The expression of apoptosis-
related proteins was detected by western blot analysis (c), and statistical analysis is shown in (d). C. Caspase 3: cleaved caspase 3. Values are the mean + SEM from 4

independent experiments. *P < 0.05 and **P < 0.01.

components of complex II [39]. TNF-a significantly increased the
recruitment of FADD with RIPK1 and caspase 8, and CTRP3 pre-
incubation further enhanced the TNF-a-induced combination of these
proteins (Fig. 6¢), suggesting that CTRP3 promoted TNF-a-induced pro-
apoptotic complex II formation. The anti-apoptotic protein c-FLIP plays
a key role in inhibiting TNFR1-related apoptotic complex II formation
[40]. The time-course of c-FLIP expression showed that TNF-o signifi-
cantly increased c-FLIP expression at 3-6 h, whereas the response
declined at 24 h and 36 h in SMG-C6 cells (Fig. 6d). We then explored the
effect of CTRP3 on TNF-a-induced c-FLIP expression. TNF-a enhanced
the expression of c-FLIP at 6 h, whereas CTRP3 inhibited TNF-a-induced
c-FLIP upregulation (Fig. 6e). Moreover, TNF-a slightly decreased the
expression of c-FLIP at 36 h, and CTRP3 further facilitated TNF-
a-induced c-FLIP reduction (Fig. 6f). Activation of NF-xB is a key
downstream event in TNF-a-induced survival signalling, which mediates
the transcriptional regulation of c-FLIP. TNF-a significantly increased

the level of p-p65 at 30 min, whereas CTRP3 preincubation reduced p-
p65 expression in SMG-C6 cells (Fig. 6g).

3.6. Expression of CTRP3 is elevated in the salivary glands of NOD mice
and Sjogren’s syndrome patients

To explore the possible role played by CTRP3 in Sjogren’s syndrome,
we detected the levels of CTRP3 in both serum and SMG of NOD mice,
which can develop autoimmune sialoadenitis and exhibit Sjogren’s
syndrome-like exocrinopathy [41]. ELISA results showed that circu-
lating CTRP3 was significantly higher in 12-week-old NOD mice than in
age-matched BALB/c mice, whereas serum CTRP3 levels were almost
the same in 8-week-old NOD mice and age-matched BALB/c mice
(Fig. 7a). The levels of CTRP3 mRNA and protein in SMGs were
increased in 12-week-old NOD mice compared with age-matched BALB/
c mice (Fig. 7b and c), whereas there was no difference in CTRP3 mRNA
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Fig. 5. Effect of CTRP3 on TNF-a-induced barrier dysfunction in submandibular cells. SMG-C6 cells were incubated with TNF-a (10 ng/mL) for 24 h in the absence or
presence of CTRP3 (2 pg/mL) pre-treatment for 30 min. Transepithelial resistance (TER) was measured by using an Epithelial Volt Ohm Meter (a). The paracellular
tracer flux assay was performed by using 4 kDa (b) or 40 kDa FITC-dextran (c). Expression of claudin-1 (Cln-1) (d), CIn-3 (e) and Cln-4 (f) was detected by western
blot analysis. Values are the mean + SEM from 3 to 6 independent experiments. *P < 0.05 and **P < 0.01.

expression between 8-week-old NOD and BALB/c mice (Fig. 7b). The
results of immunohistochemistry showed that the staining intensity of
CTRP3 was significantly enhanced in ducts of 12-week-old NOD mouse
SMGs compared with those of age-matched BALB/c mice, both in the
proximal and distal areas of lymphocytic infiltration (Fig. 7d). More-
over, we detected the distribution of CTRP3 in the LGs of the patients
with Sjogren’s syndrome and control individuals. CTRP3 was primarily
expressed in the ducts and was only faintly expressed in mucous acinar
cells in the LG of the control. The staining intensities in the areas both
proximal and distal to the lymphocytic infiltration in LGs of the patients
were markedly increased (Fig. 7e). The semi-quantitative results further
suggested that CTRP3 was significantly elevated in the SMGs of NOD
mice (Fig. 7f) and in the LGs of the patients (Fig. 7g).

4. Discussion

In this study, we determined the expression and distribution char-
acteristics of CTRP3 in salivary glands from different species, including
human, rat and mouse. We revealed that CTRP3 enhanced TNF-
a-induced apoptosis and barrier dysfunction in the SMG epithelium. The
mechanism by which CTRP3 promotes TNF-a-induced apoptosis might
involve the enhanced expression and activity of TNFR1. Moreover, the
expression of CTRP3 was significantly elevated in the LGs of patients
with Sjogren’s syndrome, as well as in the SMGs and serum of NOD mice.
These results help to elucidate the important role of CTRP3 in the sali-
vary epithelium.

Adipokines have recently attracted increased attention because of
their expression and function in salivary glands. Adipokines, such as
leptin, ghrelin and adiponectin, are expressed in acinar or/and ductal
cells of salivary glands and are involved in the regulation of saliva
secretion, energy metabolism and inflammatory responses [11,42-45].
In this study, we provided the first evidence that CTRP3 was expressed
in the salivary glands of multiple species. The PG is primarily composed
of serous acinus, while the SMG is a combined gland with seromucous
acinus [46]. CTRP3 was widespread in the cytoplasm of serous acinus of
PG and SMG in humans and rats, whereas it was primarily located in
mouse granular convoluted tubules, suggesting that PG and SMG were
new sources of CTRP3 synthesis and secretion.

Apoptosis of the epithelial cells in salivary glands has been proposed
to be involved in the impairment of secretory function in inflammatory
salivary gland diseases, such as Sjogren’s syndrome. The accumulated
proinflammatory cytokines, such as TNF-a and interferon-y, eventually
trigger apoptosis in Sjogren’s syndrome. CTRP3 protects mesenchymal
stem cells against hypoxia/serum deprivation-triggered apoptosis [36],
inhibits spontaneous apoptosis in prostate cells [37], and suppresses
myocardial infarction-induced apoptosis in ischaemic mouse hearts [7].
CTRP3 attenuates high glucose-induced apoptosis and oxidative stress in
retinal pigment epithelial cells [47] and inhibits inflammation and
apoptosis in lipopolysaccharide-exposed microglial cells by targeting
the p38 MAPK and JNK signalling pathways [48]. Our previous studies
showed that CTRP3 alleviates cardiac fibrosis by inhibiting AMPK-
induced Smad3 activation and myofibroblast differentiation [32],
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Fig. 6. Effect of CTRP3 on the TNF-a-induced TNFR1 signalling pathway. SMG-C6 cells were incubated with TNF-a (200 ng/mL) for 6 h in the absence or presence of
CTRP3 (2 pg/mL) pre-treatment for 30 min, and then TNFR1 expression was detected by western blot analysis (a). (b) TNFR1 expression at the cell surface after 6 h
TNF-o/CTRP3 treatment was detected by flow cytometry. (c) The combinations of FADD with RIPK1 and caspase 8 were measured by using an immunoprecipitation
assay. (d) The time-course of c-FLIP expression induced by TNF-« was detected by western blot analysis. C-FLIP expressions after TNF-o/CTRP3 treatment for 6 h (e)
and 36 h (f) were detected by western blot analysis. (g) SMG-C6 cells were incubated with TNF-a (200 ng/mL) for 30 min in the absence or presence of CTRP3 (2 pg/
mL), and phospho-NF-kB p65 expression/total-NF-kB p65 expression were detected. Values are the mean + SEM from 4 to 6 independent experiments. RIPK1-Ub:

ubiquitinated RIPK1. *P < 0.05 and **P < 0.01.

however, CTRP3 promotes [-glycerophosphate-triggered vascular
smooth muscle cell calcification via ROS-ERK1/2-Runx2 activation [8].
In the present study, CTRP3 enhanced TNF-a-induced apoptosis char-
acterized by an increased apoptotic rate and changed apoptosis-related
protein expression in human and rat SMGs, but CTRP3 alone did not
induce apoptosis. Moreover, H>02 induced apoptosis in both SMG-C6
cell line and SMG tissues, consistently with previous studies which re-
ported that HyO5 mediated apoptosis in human SMG cells and SV-40
transformed human salivary gland acinar cells [49,50]. However, our
results showed that CTRP3 did not accelerate HyO»-induced apoptosis,
suggesting that the biological effect of CTRP3 may vary depending on
the cell type, the physiological and pathological stimuli.

Disruption of the epithelial barrier is linked to the development of a
wide variety of chronic inflammatory epithelial diseases, such as cystic
fibrosis, Crohn’s disease and Sjogren’s syndrome. Previous studies
indicated that in the salivary glands of Sjogren’s syndrome, the accu-
mulated proinflammatory cytokines, such as TNF-a and IFN-y, disrupted
the epithelial barrier. Leptin alone induces barrier dysfunction in in-
testinal Caco-2 cells by increasing paracellular permeability and
decreasing the expression of ZO-3 and Cln-5 [51], and resistin increases
paracellular permeability and reduces ZO-1 and occludin expression in
human coronary artery endothelial cells. Our previous study showed
that TNF-a increased paracellular permeability and decreased the
expression of Cln-3, but not Cln-1 and Cln-4, in SMG-C6 cells [30]. In
this study, we found that CTRP3 further enhanced TNF-a-increased
paracellular permeability and changed tight junction protein expression,
suggesting that CTRP3 may mediate in TNF-a-induced salivary barrier
dysfunction.

TNF-a activates its receptor TNFR1 to induce two distinct signalling
pathways. One is cascade activation downstream of apoptotic complex
11, which leads to apoptosis, and the other pathway is NF-kB activation
induced by complex I, which leads to inflammation, survival, and anti-
apoptotic transcriptional activation [52]. To reveal the mechanism by
which CTRP3 promotes TNF-a-induced apoptosis, we detected TNFR1
expression and the combination of FADD with RIPK1 and caspase 8 to
evaluate the formation of complex II. We found that CTRP3 further
enhanced TNF-a-induced TNFR1 expression, especially at the cell sur-
face, and promoted complex II formation by facilitating the combination
of FADD with RIPK1 and caspase 8, suggesting that CTRP3 sensitized the
TNF-a-mediated apoptotic complex II signalling pathway.

Previous studies have reported that CTRP3 inhibits the
lipopolysaccharide-induced inflammatory response by suppressing NF-
kB activation in the myocardium of mouse [53]. Our results indicated
that CTRP3 significantly inhibited TNF-a-induced NF-kB activation,
suggesting that CTRP3 is a potent inhibitor of NF-xB activation and
inflammation. c¢-FLIP, a major anti-apoptotic protein that could be
regulated by NF-kB activation triggered by complex I, plays a crucial
role in inhibiting the TNFR1-induced apoptotic event. High levels of c-
FLIP result in a predominance of FLIP/procaspase-8 heterodimers,
thereby inhibiting the TNFR1-related apoptotic pathway by suppressing
complex II formation, whereas low levels of c-FLIP result in the pre-
dominance of procaspase-8 homodimers, thereby promoting apoptosis
induction by enhancing complex II formation [40]. TNF-a increases c-
FLIP expression in Huh-7.5 cells [54] and TK-10 cells [55], however, it
decreases the level of c-FLIP in podocytes of kidney [56]. We found that
TNF-a could modulate the expression of c-FLIP in a time-dependent
manner, increased c-FLIP expression at 3-6 h and slightly decreased c-
FLIP expression from 24 h incubation. Notably, CTRP3 inhibited TNF-
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a-mediated c-FLIP expression both at 6 h and 36 h. These results suggest
that CTRP3 may enhance TNF-a-induced apoptotic complex II pathway
at least in part by inhibiting c-FLIP expression. TNF-a-induced patho-
logical conditions depend on the imbalance between NF-kB-regulated
inflammation and survival and caspase-mediated apoptosis signals [57].
CTRP3 enhanced TNF-a-induced apoptosis by promoting complex II
formation and inhibiting c-FLIP expression. The exact roles and mech-
anisms of complex I and complex II balance, as modulated by TNF-a and
CTRP3, in salivary cells need to be further investigated.

Notably, CTRP3 promoted TNF-a-induced apoptosis but not HyO5-
induced apoptosis. Moreover, CTRP3 alone was not able to induce
apoptosis in SMGs. One possible explanation was that the combination
of TNF-a with TNFR1 at the cell surface is an essential component of the
activation of the apoptotic complex II pathway. Although CTRP3 alone
increased TNFR1 expression at the cell surface, CTRP3 could not acti-
vate TNFR1 and further affect complex II formation in the absence of
TNF-a. These results indicated that the enhancing role of CTRP3 in
apoptosis was dependent on TNF-a coexistence.

Sjogren’s syndrome is a systemic disease with chronic inflammation
in exocrine glands, primarily in lacrimary and salivary glands. The
destruction of salivary glands of Sjogren’s syndrome is routine along
with the development of adipose tissue, which is the main secreting
source of adipokines, and the normal gland tissues are replaced [58].
Resistin is upregulated in serum and salivary gland tissues of patients
with Sjogren’s syndrome, and its levels correspond to the intensity of
lymphocytic inflammation in Sjogren’s syndrome [59]. The levels of
adiponectin in serum and minor salivary gland epithelial cells are higher
in patients with Sjogren’s syndrome than in controls [10,60], suggesting
that adipokines might play important roles in Sjogren’s syndrome. In
this study, CTRP3 levels were significantly increased in serum and in the
SMGs of NOD mice, as well as the LGs of Sjogren’s syndrome patients.
Our in vitro experiments indicated that CTRP3 enhanced TNF-a-induced
apoptosis and barrier dysfunction in SMG-C6 cells and incubated tissue,
suggesting that increased CTRP3 expression might be involved in the
TNF-a-related pathological processes of Sjogren’s syndrome. Apoptosis
and fibrosis are involved in the pathogenesis of salivary gland damages
and dysfunction, such as radiation-induced salivary gland injury
[61,62]. Previous study has shown that another adipokine, adiponectin,
protected fibroblast of mouse prostate from radiation-induced cell death
and myofibroblast formation [63]. The effect of CTRP3 on radiation-
induced salivary gland apoptosis and fibrosis is worthy of further study.

5. Conclusion

In conclusion, we demonstrated that salivary glands represent novel
sources of CTRP3 synthesis and secretion. CTRP3 is a multifunctional
adipokine whose role may vary depending on tissue and stimuli speci-
ficity. CTRP3 promotes TNF-a-induced apoptosis in the salivary glands.
The possible mechanism of CTRP3 promoting TNF-a-induced acinar
apoptosis included increasing TNFR1 expression, then enhancing com-
plex II formation and altering expression of downstream apoptotic
proteins such as caspase 8, caspase 10, Bcl-2, cytochrome C and cleaved
caspase 3 (Fig. 8). Moreover, CTRP3 might enhance TNF-a-induced
complex II formation by inhibiting NF-kB-mediated antiapoptotic c-FLIP
expression (Fig. 8). Our findings may help to elucidate the physiological
and pathological roles of CTRP3 in salivary glands.

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.cellsig.2021.110042.
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Fig. 7. Expression of CTRP3 in NOD mice and Sjogren’s syndrome patients. (a) Serum CTRP3 levels in BALB/c and NOD mice. (b) The mRNA expression of CTRP3 in
BALB/c and NOD mice. (c) The protein expression of CTRP3 in BALB/c and NOD mice. (d) Immunohistochemical staining of CTRP3 was detected in the areas
proximal and distal to lymphocytic infiltration in the SMG of NOD mice. (e) Immunohistochemical staining of CTRP3 in the labial glands of Sjogren’s syndrome
patients and controls. Quantitative analysis of CTRP3 staining intensities in mice (f) and in Sjogren’s syndrome patients (g). IC, infiltrating cells. a: acinus, d: duct,
MC: mucous cyst, SS: Sjogren’s syndrome. Values are the mean + SEM from 6 to 12 mice or people in each group. *P < 0.05 and **P < 0.01.
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Declaration of Competing Interest

The authors declare that they have no conflicts of interest.

Acknowledgements

The authors are grateful to Dr. David O. Quissell from the School of
Dentistry, University of Colorado Health Sciences Center, Denver, CO,
USA, for the generous gift of the rat SMG-C6 cell line. This work was
supported by the National Natural Science Foundation of China (grant
numbers 81500873 and 81700993).

References

[1] T. Maeda, M. Abe, K. Kurisu, A. Jikko, S. Furukawa, Molecular cloning and
characterization of a novel gene, CORS26, encoding a putative secretory protein
and its possible involvement in skeletal development, J. Biol. Chem. 276 (5) (2001)
3628-3634.

Y. Li, G.L. Wright, J.M. Peterson, C1q/TNF-related protein 3 (CTRP3) function and
regulation, Compr. Physiol. 7 (3) (2017) 863-878.

J.M. Peterson, M.M. Seldin, Z. Wei, S. Aja, G.W. Wong, CTRP3 attenuates diet-
induced hepatic steatosis by regulating triglyceride metabolism, Am. J. Physiol.
Gastrointest. Liver Physiol. 305 (3) (2013) G214-G224.

T. Maeda, S. Wakisaka, CTRP3/cartducin is induced by transforming growth
factor-betal and promotes vascular smooth muscle cell proliferation, Cell Biol. Int.
34 (3) (2010) 261-266.

H. Akiyama, S. Furukawa, S. Wakisaka, T. Maeda, CTRP3/cartducin promotes
proliferation and migration of endothelial cells, Mol. Cell. Biochem. 304 (1-2)
(2007) 243-248.

B. Wolfing, C. Buechler, J. Weigert, M. Neumeier, C. Aslanidis, J. Schoelmerich,
A. Schaffler, Effects of the new C1q/TNF-related protein (CTRP-3) “cartonectin” on
the adipocytic secretion of adipokines, Obesity (Silver Spring) 16 (7) (2008)
1481-1486.

W.Yi, Y. Sun, Y. Yuan, W.B. Lau, Q. Zheng, X. Wang, Y. Wang, X. Shang, E. Gao, W.
J. Koch, X. Ma, Clq/tumor necrosis factor-related protein-3, a newly identified
adipokine, is a novel antiapoptotic, proangiogenic, and cardioprotective molecule
in the ischemic mouse heart, Circulation. 125 (25) (2012) 3159-3169.

Y. Zhou, J.Y. Wang, H. Feng, C. Wang, L. Li, D. Wu, H. Lei, H. Li, L. Wu,
Overexpression of cl1q/tumor necrosis factor-related protein-3 promotes
phosphate-induced vascular smooth muscle cell calcification both in vivo and in
vitro, Arterioscler. Thromb. Vasc. Biol. 34 (5) (2014) 1002-1010.

F. Erbasan, A.S. Alikanoglu, V. Yazisiz, U. Karasu, A. Balkarli, C. Sezer, M.

E. Terzioglu, Leptin and leptin receptors in salivary glands of primary Sjogren’s
syndrome, Pathol. Res. Pract. 212 (11) (2016) 1010-1014.

S. Katsiougiannis, E.K. Kapsogeorgou, M.N. Manoussakis, F.N. Skopouli, Salivary
gland epithelial cells: a new source of the immunoregulatory hormone adiponectin,
Arthritis Rheum. 54 (7) (2006) 2295-2299.

S. Katsiougiannis, R. Tenta, F.N. Skopouli, Activation of AMP-activated protein
kinase by adiponectin rescues salivary gland epithelial cells from spontaneous and
interferon-gamma-induced apoptosis, Arthritis Rheum. 62 (2) (2010) 414-419.
B.L. Slomiany, A. Slomiany, Leptin protection of salivary gland acinar cells against
ethanol cytotoxicity involves Src kinase-mediated parallel activation of
prostaglandin and constitutive nitric oxide synthase pathways,
Inflammopharmacology. 16 (2) (2008) 76-82.

M. Schapher, O. Wendler, M. Groschl, R. Schafer, H. Iro, J. Zenk, Salivary leptin as
a candidate diagnostic marker in salivary gland tumors, Clin. Chem. 55 (5) (2009)
914-922.

X.H. Guo, J.Y. Wang, Y. Gao, M. Gao, G.Y. Yu, R.L. Xiang, L. Li, N.Y. Yang, X. Cong,
X.Y. Xu, S.L. Li, X. Peng, L.L. Wu, Decreased adiponectin level is associated with

[2]
[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

12

[15]
[16]
[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

aggressive phenotype of tongue squamous cell carcinoma, Cancer Sci. 104 (2)
(2013) 206-213.

M.S. D’Arcy, Cell death: a review of the major forms of apoptosis, necrosis and
autophagy, Cell Biol. Int. 43 (6) (2019) 582-592.

P. Manganelli, P. Fietta, Apoptosis and Sjogren syndrome, Semin. Arthritis Rheum.
33 (1) (2003) 49-65.

A.D. Levin, M.E. Wildenberg, G.R. van den Brink, Mechanism of action of anti-TNF
therapy in inflammatory bowel disease, J. Crohns Colitis. 10 (8) (2016) 989-997.
E. Radi, P. Formichi, C. Battisti, A. Federico, Apoptosis and oxidative stress in
neurodegenerative diseases, J. Alzheimers Dis. 42 (Suppl. 3) (2014) S125-S152.
G. Liu, F. Pei, F. Yang, L. Li, A.D. Amin, S. Liu, J.B. Buchan, W.C. Cho, Role of
autophagy and apoptosis in non-small-cell lung cancer, Int. J. Mol. Sci. 18 (2)
(2017) 367.

P. Sandhya, B.T. Kurien, D. Danda, R.H. Scofield, Update on pathogenesis of
Sjogren’s syndrome, Curr. Rheumatol. Rev. 13 (1) (2017) 5-22.

0.D. Argyropoulou, E. Valentini, F. Ferro, M.C. Leone, G. Cafaro, E. Bartoloni,

C. Baldini, One year in review 2018: Sjogren’s syndrome, Clin. Exp. Rheumatol.
112 (3) (2018) 14-26.

T. Hehlgans, K. Pfeffer, The intriguing biology of the tumor necrosis factor/tumor
necrosis factor receptor superfamily: players, rules and the games, Immunology
115 (1) (2005) 1-20.

E.H. Kang, Y.J. Lee, J.Y. Hyon, P.Y. Yun, Y.W. Song, Salivary cytokine profiles in
primary Sjogren’s syndrome differ from those in non-Sjogren sicca in terms of TNF-
alpha levels and Th-1/Th-2 ratios, Clin. Exp. Rheumatol. 29 (6) (2011) 970-976.
M.J. Barrera, V. Bahamondes, D. Septlveda, A.F. Quest, I. Castro, J. Cortés,

S. Aguilera, U. Urztia, C. Molina, P. Pérez, P. Ewert, C. Alliende, M.A. Hermoso,
S. Gonzalez, C. Leyton, M.J. Gonzadlez, Sjogren’s syndrome and the epithelial
target: a comprehensive review, J. Autoimmun. 42 (2013) 7-18.

P. Ewert, S. Aguilera, C. Alliende, Y.J. Kwon, A. Albornoz, C. Molina, U. Urzta, A.F.
G. Quest, N. Olea, P. Pérez, 1. Castro, M.J. Barrera, R. Romo, M. Hermoso,

C. Leyton, M.J. Gonzadlez, Disruption of tight junction structure in salivary glands
from Sjogren’s syndrome patients is linked to proinflammatory cytokine exposure,
Arthritis Rheum. 62 (5) (2010) 1280-1289.

M. Sisto, M. D’Amore, S. Caprio, V. Mitolo, P. Scagliusi, S. Lisi, Tumor necrosis
factor inhibitors block apoptosis of human epithelial cells of the salivary glands,
Ann. N. Y. Acad. Sci. 1171 (2009) 407-414.

A. Charras, P. Arvaniti, C. Le Dantec, G.N. Dalekos, K. Zachou, A. Bordron,

Y. Renaudineau, JAK inhibitors and oxidative stress control, Front. Immunol. 10
(2019) 2814.

K. Ryo, H. Yamada, Y. Nakagawa, Y. Tai, K. Obara, H. Inoue, K. Mishima, I. Saito,
Possible involvement of oxidative stress in salivary gland of patients with Sjogren’s
syndrome, Pathobiology 73 (5) (2006) 252-260.

D.O. Quissell, K.A. Barzen, D.C. Gruenert, R.S. Redman, J.M. Camden, J.T. Turner,
Development and characterization of SV40 immortalized rat submandibular acinar
cell lines, In Vitro Cell Dev. Biol. Anim. 33 (3) (1997) 164-173.

M. Mei, R.L. Xiang, X. Cong, Y. Zhang, J. Li, X. Yi, K. Park, J.Y. Han, L.L. Wu, G.
Y. Yu, Claudin-3 is required for modulation of paracellular permeability by TNF-
alpha through ERK1/2/slug signaling axis in submandibular gland, Cell. Signal. 27
(10) (2015) 1915-1927.

A. Mata, D. Marques, M.A. Martinez-Burgos, J. Silveira, J. Marques, M.F. Mesquita,
J.A. Pariente, G.M. Salido, J. Singh, Effect of hydrogen peroxide on secretory
response, calcium mobilisation and caspase-3 activity in the isolated rat parotid
gland, Mol. Cell. Biochem. 319 (1-2) (2008) 23-31.

D. Wu, H. Lei, J.Y. Wang, C.L. Zhang, H. Feng, F.Y. Fu, L. Li, L.L. Wu, CTRP3
attenuates post-infarct cardiac fibrosis by targeting Smad3 activation and
inhibiting myofibroblast differentiation, J. Mol. Med (Berl). 93 (12) (2015)
1311-1325.

D.R. Camisasca, J. Honorato, V. Bernardo, L.E. da Silva, E.C. da Fonseca, P.A.S. de
Faria, F.L. Dias, S. de Queiroz Chaves Lourenco, Expression of Bcl-2 family proteins
and associated clinicopathologic factors predict survival outcome in patients with
oral squamous cell carcinoma, Oral Oncol. 45 (3) (2009) 225-233.

X. Cong, Y. Zhang, J. Li, M. Mei, C. Ding, R.L. Xiang, L.W. Zhang, Y. Wang, L.L. Wu,
G.Y. Yu, Claudin-4 is required for modulation of paracellular permeability by


http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0005
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0005
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0005
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0005
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0010
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0010
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0015
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0015
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0015
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0020
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0020
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0020
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0025
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0025
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0025
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0030
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0030
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0030
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0030
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0035
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0035
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0035
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0035
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0040
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0040
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0040
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0040
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0045
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0045
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0045
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0050
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0050
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0050
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0055
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0055
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0055
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0060
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0060
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0060
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0060
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0065
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0065
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0065
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0070
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0070
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0070
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0070
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0075
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0075
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0080
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0080
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0085
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0085
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0090
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0090
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0095
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0095
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0095
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0100
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0100
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0105
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0105
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0105
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0110
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0110
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0110
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0115
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0115
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0115
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0120
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0120
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0120
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0120
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0125
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0125
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0125
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0125
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0125
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0130
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0130
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0130
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0135
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0135
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0135
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0140
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0140
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0140
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0145
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0145
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0145
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0150
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0150
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0150
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0150
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0155
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0155
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0155
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0155
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0160
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0160
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0160
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0160
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0165
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0165
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0165
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0165
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0170
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0170

M. Mei et al.

[35]

[36]

[371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

muscarinic acetylcholine receptor in epithelial cells, J. Cell Sci. 128 (12) (2015)
2271-2286.

S. Elmore, Apoptosis: a review of programmed cell death, Toxicol. Pathol. 35 (4)
(2007) 495-516.

M. Hou, J. Liu, F. Liu, K. Liu, B. Yu, C1q tumor necrosis factor-related protein-3
protects mesenchymal stem cells against hypoxia- and serum deprivation-induced
apoptosis through the phosphoinositide 3-kinase/Akt pathway, Int. J. Mol. Med. 33
(1) (2014) 97-104.

Q. Hou, J. Lin, W. Huang, M. Li, J. Feng, X. Mao, CTRP3 stimulates proliferation
and anti-apoptosis of prostate cells through PKC signaling pathways, PLoS One 10
(7) (2015), e0134006.

S. Coso, 1. Harrison, C.B. Harrison, A. Vinh, C.G. Sobey, G.R. Drummond, E.

D. Williams, S. Selemidis, NADPH oxidases as regulators of tumor angiogenesis:
current and emerging concepts, Antioxid. Redox Signal. 16 (11) (2012)
1229-1247.

J. Chhibber-Goel, C. Coleman-Vaughan, V. Agrawal, N. Sawhney, E. Hickey, J.

C. Powell, J.V. McCarthy, gamma-secretase activity is required for regulated
intramembrane proteolysis of tumor necrosis factor (TNF) receptor 1 and TNF-
mediated pro-apoptotic signaling, J. Biol. Chem. 291 (11) (2016) 5971-5985.

P. Smyth, T. Sessler, C.J. Scott, D.B. Longley, FLIP(L): the pseudo-caspase, FEBS J.
287 (19) (2020) 4246-4260.

J. Zhou, T. Kawai, Q. Yu, Pathogenic role of endogenous TNF-alpha in the
development of Sjogren’s-like sialadenitis and secretory dysfunction in non-obese
diabetic mice, Lab. Investig. 97 (4) (2017) 458-467.

B.B. Li, Z.B. Chen, B.C. Li, Q. Lin, X.X. Li, S.L. Li, C. Ding, L.L. Wu, G.Y. Yu,
Expression of ghrelin in human salivary glands and its levels in saliva and serum in
Chinese obese children and adolescents, Arch. Oral Biol. 56 (4) (2011) 389-394.
M. Groschl, M. Rauh, R. Wagner, W. Neuhuber, M. Metzler, G. Tamguney, J. Zenk,
E. Schoof, H.G. Dorr, W.F. Blum, W. Rascher, J. Détsch, Identification of leptin in
human saliva, J. Clin. Endocrinol. Metab. 86 (11) (2001) 5234-5239.

B.L. Slomiany, A. Slomiany, Leptin suppresses porphyromonas gingivalis
lipopolysaccharide interference with salivary mucin synthesis, Biochem. Biophys.
Res. Commun. 312 (4) (2003) 1099-1103.

H. Lin, K. Maeda, A. Fukuhara, I. Shimomura, T. Ito, Molecular expression of
adiponectin in human saliva, Biochem. Biophys. Res. Commun. 445 (2) (2014)
294-298.

G.B. Proctor, The physiology of salivary secretion, Periodontol. 70 (1) (2016)
11-25.

J. Zhang, J. He, CTRP3 inhibits high glucose-induced oxidative stress and apoptosis
in retinal pigment epithelial cells, Artif. Cells Nanomed. Biotechnol. 47 (1) (2019)
3758-3764.

13

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]
[58]

[59]

[60]

[61]

[62]

[63]

Cellular Signalling 85 (2021) 110042

J. Meng, D.M. Wang, L.L. Luo, CTRP3 acts as a novel regulator in depressive-like
behavior associated inflammation and apoptosis by meditating p38 and JNK MAPK
signaling, Biomed. Pharmacother. 120 (2019) 109489.

A. Jaiboonma, P. Kaokaen, N. Chaicharoenaudomrung, P. Kunhorm, K. Janebodin,
P. Noisa, P. Jitprasertwong, Cordycepin attenuates salivary hypofunction through
the prevention of oxidative stress in human submandibular gland cells, Int. J. Med.
Sci. 17 (12) (2020) 1733-1743.

W. Ben-juan, Z. Zeng-tong, Hydrogen peroxide induced apoptosis in SV-40
transformed human salivary gland acinar cells, Oral Oncol. 43 (3) (2007) 248-251.
C.Y. Kim, K.H. Kim, Curcumin prevents leptin-induced tight junction dysfunction
in intestinal Caco-2 BBe cells, J. Nutr. Biochem. 25 (1) (2014) 26-35.

B.C. Barnhart, M.E. Peter, The TNF receptor 1, Cell. 114 (2) (2003) 148-150.
W.Y. Wei, Z.G. Ma, N. Zhang, S.C. Xu, Y.P. Yuan, X.F. Zeng, Q.Z. Tang,
Overexpression of CTRP3 protects against sepsis-induced myocardial dysfunction
in mice, Mol. Cell. Endocrinol. 476 (2018) 27-36.

J. Park, W. Kang, S.W. Ryu, W.I. Kim, D.Y. Chang, D.H. Lee, D.Y. Park, Y.H. Choi,
K. Choi, E.C. Shin, C. Choi, Hepatitis C virus infection enhances TNFalpha-induced
cell death via suppression of NF-kappaB, Hepatology 56 (3) (2012) 831-840.
I.H. Hwang, S.Y. Oh, H.J. Jang, E. Jo, J.C. Joo, K.B. Lee, H.S. Yoo, M.Y. Lee, S.
J. Park, L.S. Jang, Cordycepin promotes apoptosis in renal carcinoma cells by
activating the MKK7-JNK signaling pathway through inhibition of c-FLIPL
expression, PLoS One 12 (10) (2017), e0186489.

S. Zhao, J.X. Feng, Q. Wang, L. Tian, Y.F. Zhang, H.Y. Li, hnRNP K plays a
protective role in TNF-alpha-induced apoptosis in podocytes, Biosci. Rep. 38 (3)
(2018). BSR20180288.

0. Micheau, J. Tschopp, Induction of TNF receptor I-mediated apoptosis via two
sequential signaling complexes, Cell 114 (2) (2003) 181-190.

J. Campos, M.R. Hillen, F. Barone, Salivary gland pathology in Sjogren’s syndrome,
Rheum. Dis. Clin. N. Am. 42 (3) (2016) 473-483.

E.A. Bostrom, H.F. d’Elia, U. Dahlgren, C. Simark-Mattsson, B. Hasséus,

H. Carlsten, A. Tarkowski, M. Bokarewa, Salivary resistin reflects local
inflammation in Sjogren’s syndrome, J. Rheumatol. 35 (2008) 2005-2011.

K.L. Augusto, E. Bonfa, R.M. Pereira, C. Bueno, E.P. Leon, V.S. Viana, S.G. Pasoto,
Metabolic syndrome in Sjogren’s syndrome patients: a relevant concern for clinical
monitoring, Clin. Rheumatol. 35 (10) (2016) 639-647.

J.L. Avila, O. Grundmann, R. Burd, K.H. Limesand, Radiation-induced salivary
gland dysfunction results from p53-dependent apoptosis, Int. J. Radiat. Oncol. Biol.
Phys. 73 (2) (2009) 523-529.

K.J. Jasmer, K.E. Gilman, K.M. Forti, G.A. Weisman, K.H. Limesand, Radiation-
induced salivary gland dysfunction: mechanisms, therapeutics and future
directions, J. Clin. Med. 9 (12) (2020) 4095.

E.A. Kosmacek, R.E. Oberley-Deegan, Adipocytes protect fibroblasts from
radiation-induced damage by adiponectin secretion, Sci. Rep. 10 (1) (2020) 12616.


http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0170
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0170
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0175
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0175
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0180
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0180
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0180
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0180
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0185
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0185
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0185
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0190
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0190
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0190
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0190
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0195
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0195
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0195
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0195
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0200
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0200
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0205
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0205
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0205
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0210
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0210
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0210
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0215
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0215
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0215
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0220
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0220
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0220
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0225
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0225
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0225
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0230
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0230
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0235
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0235
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0235
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0240
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0240
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0240
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0245
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0245
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0245
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0245
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0250
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0250
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0255
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0255
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0260
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0265
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0265
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0265
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0270
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0270
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0270
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0275
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0275
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0275
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0275
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0280
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0280
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0280
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0285
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0285
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0290
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0290
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0295
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0295
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0295
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0300
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0300
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0300
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0305
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0305
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0305
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0310
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0310
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0310
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0315
http://refhub.elsevier.com/S0898-6568(21)00131-5/rf0315

	CTRP3 promotes TNF-α-induced apoptosis and barrier dysfunction in salivary epithelial cells
	1 Introduction
	2 Materials and methods
	2.1 Ethics
	2.2 Human and animal samples
	2.3 Cell culture
	2.4 Human SMG tissue culture
	2.5 Enzyme-linked immunosorbent assay (ELISA)
	2.6 Semiquantitative polymerase chain reaction (PCR) and quantitative PCR
	2.7 Western blot analysis
	2.8 Histological, immunohistochemical and immunofluorescence staining
	2.9 Flow cytometry
	2.10 Measurement of transepithelial resistance and paracellular tracer flux
	2.11 Immunoprecipitation
	2.12 Statistical analysis

	3 Results
	3.1 Expression pattern of CTRP3 in salivary glands
	3.2 CTRP3 promotes TNF-α-induced apoptosis in rat SMG cells and human SMGs
	3.3 CTRP3 does not affect H2O2-induced apoptosis in rat SMG cells and human SMGs
	3.4 CTRP3 accelerates TNF-α-induced barrier dysfunction in SMG-C6 cells
	3.5 CTRP3 further increases TNF type I receptor expression and complex II formation induced by TNF-α
	3.6 Expression of CTRP3 is elevated in the salivary glands of NOD mice and Sjögren’s syndrome patients

	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References


