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Abstract

Background: Tryptophan 2,3-dioxygenase (TDO2) is the primary enzyme that catabolizes tryptophan to kynure-
nine. Numerous studies have suggested that TDO?2 is involved in inflammation-related diseases. However, its role in
osteoarthritis (OA) has not yet been investigated. The aim of the present study was to explore the levels of TDO2 in
the synovium and synovial fluid (SF) of patients with OA and its correlation with clinical manifestations and levels of
pro-inflammatory cytokines.

Methods : Synovium and SF samples were collected from patients with OA and patients with joint trauma (controls)
during surgery. An enzyme-linked immunosorbent assay (ELISA) was used to measure TDO2, interleukin-1f3 (IL.-1(3),
and tumor necrosis factor-a (TNF-a) levels in the synovium and SF. Diagnostic performance of TDO2 in the synovium
to discriminate between controls and OA patients was assessed using receiver operating characteristic (ROC) curve
analysis. Correlations between TDO2 levels, OA clinical features, and pro-inflammatory cytokines were evaluated using
Pearson correlation analysis. Effects of IL-13 or TNF-a stimulation on TDO2 expression in OA-fibroblast-like synovio-
cytes (OA-FLS) were also examined.

Results: The levels of TDO2, IL-13, and TNF-a in the synovium of patients with OA were found to be significantly
higher than those in controls. ROC curve analysis revealed an area under the curve (AUC) of 0.800 with 64.3% sensi-
tivity and 85.0% specificity of TOD2 in the synovium, which enabled discriminating patients with OA from controls.
Moreover, protein expression of TDO2 was upregulated to a greater extent in OA-FLS than in normal synovial fibro-
blasts (NSF). Furthermore, the levels of TDO2 showed significantly positive correlation with IL-13 and TNF-a levels in
the synovium and SF. TDO2 levels in the synovium were also positively correlated with the Kellgren-Lawrence score.
Additionally, TDO2 protein expression was significantly increased in IL-13- or TNF-a—stimulated OA-FLS than in con-
trol FLS.

Conclusion: These data indicate that highTDO?2 levels in the synovium can be correlated with pro-inflammatory
cytokines and severity of OA.
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Introduction

Osteoarthritis (OA), one of the most common joint
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inflammation [1]. Epidemiological studies have found
that the cumulative incidence of symptomatic knee OA
over four years among Chinese adults aged >45 years
was 8.5% in a National Population Survey with a 4-year
follow-up [2]. As a common cause of permanent disabil-
ity, OA leads to a huge and continuously growing burden
on individuals and society, as well as a reduction in the
quality of life of patients [3]. Although recent in vitro
and in vivo evidence suggests that age, gender, obesity,
genetic susceptibility, and mechanical factors are well-
established risk factors for OA [4], the fundamental
mechanisms responsible for development and progres-
sion of OA have not yet been fully elucidated.

Tryptophan 2,3-dioxygenase (TDO2), encoded by the
gene TDO?2, is one of the primary enzymes that catabo-
lizes tryptophan to kynurenine [5]. Extensive evidence
suggests that inflammation is associated with induc-
tion of the kynurenine pathway [6, 7]. TDO2 in rodents
has been reported to be increased following treatment
with pro-inflammatory mediators such as polyinosine-
polycytidylic acid and stress hormones [8, 9], suggesting
that TDO2 may be involved in inflammation-related dis-
eases. Considering that synovial inflammation is not only
present in a majority of OA patients but is also actively
involved in progression of the disease [10], the levels of
TDO?2 in the synovium and synovial fluid (SF) of OA
patients, their correlation with clinical manifestations,
and the levels of pro-inflammatory cytokines were inves-
tigated in the present study.

It has been well demonstrated that there is a complex
interplay among cells [T cells, B cells, plasma cells, mast
cells, stromal cells, fibroblast-like synoviocytes (FLS), and
macrophages], and soluble immune mediators are the
major players in joint inflammation [11]. FLS, the main
constituent cells in the synovium, maintain homeosta-
sis in synovial tissue extracellular matrix and SE. In OA
synovitis, FLS proliferate rapidly and secrete inflamma-
tory mediators, resulting in accelerated progression of
OA. Activation of FLS by pro-inflammatory cytokines
induces increased expression of inflammatory cytokines,
chemokines, and matrix-degrading matrix metallopepti-
dases (MMPs), resulting in the destruction of articular
cartilage and bone [12]. The pro-inflammatory cytokines
interleukin-1pB (IL-1P) and tumor necrosis factor-a (TNE-
«) are well defined as critical mediators in the inflamma-
tory process of OA [13]. TNF-« is considered to be the
master element in inflammatory manifestations of syno-
vitis, whereas IL-1f is proposed to be a crucial mediator
that is responsible for destruction of joints and propaga-
tion of joint inflammation [14, 15]. Therefore, TNF-a—
or IL-1B-stimulated FLS model is considered a suitable
cell model to examine the pathogenesis of OA in vitro in
numerous studies. In the present study, TDO?2 expression
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in IL-1p-stimulated FLS was assessed to explore the
causal relationship between TDO2 and pro-inflamma-
tory factors.

Considering the potential relationship between TDO2
and inflammatory manifestations along with the key role
of inflammation in the pathogenesis of OA, we hypoth-
esized that the levels of TDO?2 in the synovium and SF of
patients with OA are likely to be altered and might also be
associated with the levels of pro-inflammatory cytokines.
To test this hypothesis, synovium samples were obtained
from patients with OA and patients with joint trauma
who underwent joint surgery. TDO2, IL-1p, and TNF-«
levels in the synovium and SF were measured. Diagnos-
tic performance of TDO2 in the synovium that helps
to discriminate between controls and OA patients was
assessed using receiver operating characteristic (ROC)
curve analysis. Correlation between TDO2 levels, OA
clinical features, and pro-inflammatory cytokines was
evaluated using Pearson correlation analysis. The effect
of IL-1p and TNF-a stimulation on TDO2 expression in
OA-FLS was also studied.

Materials and methods

Patients and samples

Synovium and SF samples were obtained from patients
with knee OA (n=41) who had undergone joint surgery
at the First Affiliated Hospital of Anhui Medical Univer-
sity. Patients with OA were diagnosed according to crite-
ria laid down by the American College of Rheumatology
[16]. Patients with knee joint trauma (meniscal injury)
who underwent surgery within one week were included
in the control group (n=20); the synovium was collected
during the joint surgery. Patients with autoimmune dis-
eases, malignancies, or infectious diseases were excluded
from the control group.

Isolation and culture of synovial fibroblasts

Synovial tissues were collected from three patients with
OA who underwent knee replacement surgery (OA-FLS),
and nonarthritic synovial tissues were obtained from
three healthy donors who underwent arthroscopy after
knee joint trauma (normal synovial fibroblasts, NSF).
Knee synovial tissues were minced into small pieces
of approximately 1 mm?® under sterile conditions, as
described previously [17, 18]. The tissue was adsorbed
using a pipette and evenly attached to the walls of a cell
culture flask. The cell culture flask was placed vertically
in a cell incubator at 37 °C and 5% CO,, and then placed
horizontally after 6 h. The culture medium was composed
of 80% DMEM/F12 (Hyclone, USA) and 20% fetal bovine
serum (FBS, Gibco, USA), supplemented with 100 IU/mL
penicillin and 100 pg/mL streptomycin. The FLS were
passaged 3 to 5 times before use. Recombinant human
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cytokines IL-1B and TNF-a were obtained from eBio-
science Inc (San Diego, CA, USA). OA-FLS were stimu-
lated with IL-1f (10 ng/ml) or TNF-a (10 ng/ml) for 24 h.
Next, the cells were collected for western blot analysis.

Demographic data and sample collection

Demographic information of participants was collected
using a self-designed demographic questionnaire that
was designed for the present study, including age, BMI,
sex, Kellgren-Lawrence score, time of pain, and time of
worsening of pain. After surgery, the synovium and SF
samples were immediately frozen in liquid nitrogen and
transferred to a -80 °C freezer for storage until use.

ELISA analysis

For tissue ELISA, synovium samples (100 mg) were
homogenized in 1 ml of complete Mini protease-inhibi-
tor cocktail homogenization buffer (Roche, Indianapolis,
IN) on ice, followed by sonication for 30 s. The homogen-
ates were centrifuged and filtered through a 0.45 pm pore
size filter, and the levels of TDO2, IL-1p, and TNF-a were
quantified by ELISA. The final protein concentrations of
TDO?2, IL-1p, and TNF-« in the synovium were normal-
ized to the protein concentration in each tissue using the
DC protein assay (Bio-Rad Laboratories, Hercules, CA),
according to the manufacturer’s protocol. Furthermore,
the TDO2, IL-1p, and TNF-a levels in the synovium and
SF were measured using commercially available ELISA
kits (Jianglai Bio, Shanghai, China), following the manu-
facturers’ instructions. The catalog numbers of the cor-
responding kits are as follows: TDO2 (JL13234), IL-1f
(JL13662), and TNF-a (JL10208). For TDO2 ELISA kit,
the sensitivity was <0.1 ng/ml and range of detection was
0.25-8 ng/ml; for both the IL-1p and TNF-a ELISA kits,
the sensitivity was <0.1 pg/ml and range of detection was
2.5-80 pg/ml.

Immunofluorescence staining

Synovium samples from five patients with OA and five
patients with knee joint trauma were harvested and
immediately fixed in 4% paraformaldehyde for 48 h,
embedded in paraffin, and cut into 4 pum-thick serial sec-
tions. Next, the sections underwent dewaxing, rehydra-
tion, antigen retrieval, and blocking. Subsequently, the
sections were stained using TDO2 antibody (1: 400; Pro-
teintech, USA) overnight at 4 °C. After washing with PBS
(three times for 5 min), the sections were incubated with
the corresponding fluorescent-labeled secondary anti-
body (Bioss, Beijing, China) for 1 h at 4 °C in the dark
and then counterstained with 4;6-diamidino-2-phenylin-
dole (DAPIL; Beyotime Biotechnology, Nanjing, China)
for 5 min. Images were captured using a fluorescence
inversion microscope (Olympus, Japan). Isotype control
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immunofluorescence with isotype-matched IgG did not
show any staining (Supplementary Fig. 1A).

Immunohistochemical staining

Synovium samples from five patients with OA and five
patients with knee joint trauma were harvested and
immediately fixed in 4% paraformaldehyde for 48 h,
embedded in paraffin, and cut into 4 pm-thick serial sec-
tions. Immunohistochemical staining was performed
using SP-9000 Histostain-Plus kits (Zsgb Bio, China)
according to the manufacturers’ protocol. Briefly, the
sections were deparaffinized in xylene, rehydrated in
a graded series of alcohol, and washed twice in PBS for
5 min. Endogenous peroxidase activity was quenched
using 3% H,O, for 10 min followed by antigen retrieval
using 0.1% trypsin for 15 min. The sections were then
blocked with normal goat serum for 30 min and incu-
bated with TDO2 antibody (1: 400; Proteintech, USA)
overnight at 4 °C. On the second day, the sections were
rinsed with PBS and incubated with horseradish peroxi-
dase-conjugated secondary antibodies (Zsgb Bio, China)
for 30 min at 37 °C. Finally, the sections were stained
using a diaminobenzidine (DBA) kit (Zsgb Bio, China).
A digital pathology slide scanner (3DHISTECH, Digi-
tal Pathology Company, Budapest, Hungary) was used
to scan the stained sections. The immunohistochemi-
cal staining results were quantitatively analyzed using
Image-Pro Plus software (Media Cybernetics, Silver
Spring, MD, USA) to calculate the integral optical density
(IOD). Isotype control immunohistochemistry with iso-
type-matched IgG showed no staining (Supplementary
Fig. 1B).

Western blot analysis

Western blot analysis was carried out to evaluate pro-
tein levels. Briefly, cells were washed twice with ice-cold
PBS and lysed in RIPA buffer containing protease inhibi-
tors and protein phosphatase inhibitors. Protein con-
centration was measured using a BCA Protein Assay Kit
(Beyotime Biotechnology, Nanjing, China), and equal
amounts of protein samples from each group were sepa-
rated by 10% SDS—polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto PVDF membranes
(Millipore Corp). Next, the membranes were blocked
with 5% non-fat milk in Tris-buffered saline contain-
ing 0.1% tween-20 (TBST) at room temperature for 2 h,
and incubated with specific primary antibodies against
TDO2 (1: 1000; Proteintech, USA) and p-actin (1: 1000;
Bioworld Technology Co. Ltd., Nanjing, China) overnight
at 4 °C. The membranes were then washed three times
with TBST and incubated with HRP-conjugated second-
ary antibodies (1: 10,000) for 1 h. The blots were cut prior
to hybridisation with antibodies during blotting. Protein
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bands were detected using the ECL chemiluminescent
kit (Thermo Fisher Scientific) and analyzed using Image]J
software.

Source of microarray data

The gene expression profile dataset (GSE55235) was
downloaded from the Gene Expression Omnibus (GEO)
database  (https://www.ncbi.nlm.nih.gov/geo).  The
GSE55235 dataset included 10 healthy synovium (post-
mortem joint samples) and 10 OA synovium samples.
Platform and series matrix file (s) were downloaded from
the GEO database and saved as TXT files. The probes
were transformed into the corresponding gene symbols
according to the relevant annotation information pro-
vided on the platform. For gene symbols with multiple
probes, the average value was used as the final expres-
sion value. The average expression of TDO2 mRNA in
synovial membrane samples from patients with OA and
healthy controls was compared.

Statistical analysis

All data were expressed as mean =+ standard error of the
mean (SEM) and analyzed using SPSS software (ver-
sion 17.0; IBM Corp, Armonk, NY, USA), with a value of
P<0.05 considered to be statistically significant. Distri-
bution of continuous variables was tested for normality
using the one-sample Kolmogorov—Smirnov test. Stu-
dent’s t-test was used to test for differences in continuous
variables, including those related to age and body mass
index (BMI), between groups. To analyze sex differ-
ence between groups, the x> test was used. Analysis of
covariance (ANCOVA) was performed to compare dif-
ferences in TDO2, IL-1B, and TNF-a levels in the syn-
ovium between two groups, controlling for age and BMI

Table 1 Intergroup comparison of demographic data (mean 4= SEM)
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by using these variables as covariates. To test correlation
between variables, the Pearson correlation test was used.

Results

Comparison of demographic data, TDO2, IL-18, and TNF-a
levels in synovium and SF of OA and control groups

Table 1 shows that no significant differences in sex were
found between the OA and control groups (y*=3.43,
P=0.064). However, the age (¢=-11.22, P<0.001) and
BMI (¢=-2.04, P=0.046) of OA patients were signifi-
cantly higher than those of controls.

The Kellgren-Lawrence score of OA patients was an
average of 3.15+0.14, with a reported time of pain rang-
ing from 0.17 to 30 years (mean 7.89 1.10 years). Serum
C-reactive protein (CRP) levels and erythrocyte sedimen-
tation rate (ESR) of OA patients were 4.96+1.53 mg/L
and 16.83+2.11 mm/h, respectively.

TDO2 levels in synovium of OA and control groups

As shown in Table 2, results of the ANCOVA showed
that TDO?2 levels in the synovium of OA patients (n=41)
were significantly higher than those of controls (n=20),
taking into consideration age, sex, and BMI as covariates
(F=4.487, P=0.039). The results of immunofluorescence
(Fig. 1A), immunohistochemistry (Fig. 1B), and western
blotting (t=-4.78, P=0.009; Fig. 1C; uncropped images
are provided in Supplementary Fig. 1C-D) showed
that protein expression of TDO2 in the synovium was
upregulated to a greater extent in the OA group than in
control group. Moreover, TDO2 levels in the synovium
were significantly higher in patients with OA than in
healthy subjects, according to the NCBI GEO database
(accession number: GSE55235; t=-4.773, P<0.001;
Fig. 1D). Furthermore, the protein expression of TDO2

Variables Control group (n=20) OA group (n=41) Statistics (t/xz) P

Age 42.30£2.29 66.71+£1.12 -11.22 <0.001
BMI (kg/mz) 24.80£0.58 26.46+£0.49 -2.04 0.046
Gender (female/male) 11/9 32/9 343 0.064
BMI body mass index, OA Osteoarthritis, SEM Standard error of mean

Table 2 Intergroup comparison of TDO2, IL-13, and TNF-a levels in synovium (mean £ SEM)

Variables Control group (n=20) OA group (n=41) Statistics (F) P

TDO2 in synovium (ng/qg) 39.20+£1.90 5202+197 4487 0.039
IL-1B in synovium (pg/q) 419.16 £20.95 58644 +23.15 9.17 0.004
TNF-a in synovium (pg/qg) 449.17 £28.64 701.02+£1862 21.59 <0.001

IL-1B interleukin-13, SEM Standard error of mean, TDO2 Tryptophan 2,3-dioxygenase, TNF-a Tumor necrosis factor-a, OA Osteoarthritis

Sex and BMI were used as covariates
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Fig. 1 TDO?2 levels in synovium of OA and control groups. (A) Typical immunofluorescence images of TDO2 protein expression in synovium of the
OA group (n=5) and control group (n=5) (magnification, 20 x); (B) typical immunohistochemical images of TDO2 protein expression in synovium
of OA (n=5) and control (n=5) groups (magnification, 40 x); (C) typical western blot images and quantitative analysis of TDO2 protein expression
in synovium of the OA (n=3) and control (n = 3) groups; (D) expression level of TDO2 mRNA in synovium of OA patients (n=10) and healthy

subjects (n=10) (Database source: GSE 55,235); (E) typical western blot images and quantitative analysis of TDO2 protein expression in NSF (n=3)

control group, healthy subjects, or NSF group

and OA-FLS (n=3); (F) ROC curve of TDO2 in synovium was used to identify patients with OA. Data are presented as mean £ SEM. **P < 0.01 vs.

was upregulated in OA-FLS of NSF (¢=-4.88, P=0.008;
Fig. 1E; uncropped images are provided in Supplemen-
tary Fig. 1E-F). Additionally, ROC curve analysis showed
that TDO2 levels in the synovium had a good potential
diagnostic value in OA (Fig. 1F); the AUC for TDO?2 lev-
els was 0.800 (95% CI: 0.689-0.911). At a cutoff point of
47.12 ng/g for TDO2, which was applied to differentiate
patients with OA from controls, the sensitivity and speci-
ficity were 63.4% and 85.0%, respectively.

Pro-inflammatory cytokines (IL-1 and TNF-a) levels

in synovium of OA and control groups

Regarding pro-inflammatory cytokines, IL-1f (F=9.17,
P=0.004) and TNF-a (F=21.59, P<0.001) levels in the syn-
ovium were significantly higher in the OA group than in con-
trol group, using age, sex, and BMI as covariates (Table 2).

Relationship between TDO2 levels in synovium and SF

and clinical features in the OA group

As shown in Fig. 2A, TDO?2 levels in the synovium
were positively correlated with the Kellgren-Lawrence

score in patients with OA (r=0.521, P<0.001). More-
over, a positive relationship was found between TDO2
levels in the synovium and time of pain measured in
years in OA patients (r=0.307, P=0.05; Fig. 2B).
Furthermore, TDO2 levels in the synovium were
positively correlated with BMI (r=0.344, P=0.028;
Fig. 2C), but not with age (r=0.092, P=0.568;
Fig. 2D) in OA patients. However, no correlation
between TDO2 levels in the SF and BMI (r=0.101,
P=0.530; Fig. 2E) or age (r=0.008, P=0.961; Fig. 2F)
was observed in patients with OA.

Relationship between TDO2 levels in synovium and SF

and pro-inflammatory cytokines in the OA group

Figures 3A-B show that TDO2 levels were posi-
tively correlated with IL-1f (r=0.367, P=0.018)
and TNF-«a (r=0.519, P<0.001) levels in the syn-
ovium of patients with OA. Similarly, the levels of
TDO2 showed a significantly positive correlation
with IL-1p (r=0.459, P=0.003) and TNF-« levels
(r=0.638, P<0.001) in the SF of patients with OA
(Figs. 3C-D).
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TDO2 protein expression in IL-1 or TNF-a-stimulated OA-FLS
Figure 4 shows that the TDO2 protein expression was
significantly increased in IL-1p- (¢=-21.557, P<0.001;
Fig. 4A; uncropped images are provided in Supple-
mentary Fig. 2A-B) or TNF-a-stimulated (¢=-3.127,
P=0.035; Fig. 4B; uncropped images are provided in
Supplementary Fig. 2C-D) OA-FLS than in controls.

Discussion

In the present study, we demonstrated that the aver-
age levels of TDO2, IL-1f, and TNF-a in the synovium
were significantly higher in patients with OA than in
controls. Results of the ROC curve analysis revealed an
AUC of 0.800 with 64.3% sensitivity and 85.0% specificity
of TDO?2 in the synovium, which was used to discrimi-
nate patients with OA from controls. Moreover, protein
expression of TDO2 was upregulated in OA-FLS than

in NSFE. Furthermore, the levels of TDO2 showed a sig-
nificantly positive correlation of IL-1p and TNF-a levels
between the synovium and SF. TDO2 levels in the syn-
ovium were also positively correlated with the Kellgren-
Lawrence score and time of pain. Additionally, TDO2
protein expression was significantly increased in IL-1p-
or TNF-a-stimulated OA-FLS than in controls. Collec-
tively, these results suggest that increased TDO2 levels in
the synovium may be associated with pro-inflammatory
cytokines and severity of OA.

A close link between obesity and OA has been widely
demonstrated [19]. Epidemiological data show that
subjects with BMI>30 kg/m? have 6.8 times higher
chances of developing knee OA than those display-
ing normal weight [20]. A high BMI is associated with
faster disease progression [21], suggesting that obe-
sity is associated with an increased risk of functional
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impairment in patients with knee OA. Moreover, older
age has been reported to be another major risk factor
for OA [22]. The prevalence of radiographic knee OA
increased from 26.2% among participants in the range
of 55-64 years to nearly 50% of those who were older
than 75 years [23]. In the present study, both the age
and BMI of patients with OA were significantly higher
than those of controls. Moreover, TDO2 levels in the
synovium were positively correlated with BMI in
patients with OA. To eliminate the possible influences
of age, sex, and BMI on TDO2 and pro-inflammatory
cytokine levels in the synovium and SF, ANCOVA
was performed to compare TDO2 and pro-inflamma-
tory cytokine levels in the synovium between the two
groups, using variables such as age, sex, and BMI as
covariates.

It has been demonstrated that TDO2 expression in the
brain increases with age; TDO2 is shown to be highly
expressed in the brains of patients with Alzheimer’s

disease, an age-related neurodegenerative disorder char-
acterized by neuronal loss and dementia [24]. This find-
ing suggests a close relationship between age and TDO2.
However, in the present study, results of the correlation
analysis showed that there was no relationship between
age and TDO?2 levels in the SF and synovium of patients
with OA. A relatively small sample size was used in our
study; therefore, multicentric and longitudinal studies are
required to validate the potential role of age on TDO2
levels in SF and synovial tissue of OA patients.

TDO?2 is a heme-containing dioxygenase enzyme that
catalyzes the first and rate-limiting step of the kynure-
nine pathway, namely, the conversion of tryptophan to
formyl-kynurenine [25]. Recent studies have demon-
strated that TDO2 is expressed in diverse tumor types,
including hepatocellular carcinoma, non-small cell lung
cancer, ovarian carcinoma, and renal cell carcinoma [26,
27]. Functionally, TDO2 promotes tumor cell motility and
suppresses T cell proliferation and function [28]. More
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recently, TDO2 expression was reported to be strongly
increased in the synovial tissue and FLS of rheumatoid
arthritis patients and adjuvant-induced arthritic rats [29].
Nevertheless, till date, TDO2 levels in patients with OA
have not been investigated. The present study is the first
to show that the average TDO2 levels were significantly
increased in the synovium of patients with OA and that
the protein expression of TDO2 was upregulated in OA-
FLS. Correlation analysis demonstrated that TDO2 levels
in the synovium were also positively correlated with Kell-
gren-Lawrence score and duration in years of knee pain.
These results suggest that TDO2is associated with disease
severity and plays a crucial role in the pathogenesis of OA.
Although the results of ROC curve analysis revealed an
AUC of 0.800 for TDO?2 in the synovium, which helped in
discriminating patients with OA from controls, the diag-
nostic value of synovial TDO?2 levels due to an increase
in the levels of TDO?2 in different joint diseases in OA
patients needs to be further confirmed [29].
Accumulated data support an undeniable link
between TDO2 and inflammatory response. Recent
research has revealed that chronic inflammation causes
an increase in inflammatory cytokine levels and results
in activation of the kynurenine pathway [30, 31]. In the
present study, Pearson correlation analysis consistently
showed that TDO2 levels were positively correlated
with IL-1p and TNF-a levels in the synovium and SF of
patients with OA, thereby indicating that the increased

TDO2 levels in OA patients might be associated with
an increase in pro-inflammatory cytokines. Recently,
IL-1P has been implicated to induce the production of
proinflammatory cytokines, including IL-6 and IL-8,
by increasing TDO2 expression in endometriosis [32].
Taking into account the results of the present study that
IL-1B or TNF-a stimulation could increase the TDO2
protein expressions in OA-FLS, it is rational to pre-
sume that TDO2 may be involved in the occurrence
and development of OA caused by inflammation.

Immunohistochemistry and  immunofluorescence
assays revealed that TDO2 was mainly expressed in lin-
ing layers of the synovium, where synovial fibroblasts are
located [33]. However, inflammatory cells (mostly lym-
phocytes and plasma cells) present in the sublining lay-
ers exhibited little or no expression of TDO2. Thus, in the
present study, we compared the differences in the expres-
sion of TDO2 levels in OA-FLS and NSE. The results
showed that protein expression of TDO2 was upregulated
to a greater extent in OA-FLS than in NSF. Nevertheless,
further studies are needed to assess the expression of
TDO?2 in various types of cells of the synovial tissue.

It has been demonstrated that macrophages are the
main component of SF cells, followed by T cells, in OA
[34, 35]. More recently, immune cells, including mac-
rophages, were found to express high amounts of TDO2
proteins at the peak stage of adjuvant-induced arthritis
in a rat model of rheumatoid arthritis [29]. Therefore,
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we speculate that TDO2 in SF may partly originate from
immune cells present in SF; nonetheless, this finding
needs to be confirmed by further research.

There are some limitations to this study. First, it is a
single-center study with a small sample size. Additional
studies with larger sample sizes are needed to investi-
gate the differences in TDO2 levels among different OA
subtypes. Second, specific correlation between biomark-
ers of inflammation and knee OA remains controversial;
in addition, this study only explored the relationship
between TDO2 and IL-1f or TNF-a. Hence, the effect of
TDO2 on OA-FLS needs to be further explored. Third,
since a positive relationship between TDO?2 levels in the
synovium and Kellgren-Lawrence score was observed, a
causal relationship between the two should be validated.
Fourth, the two groups were not BMI- or age-matched.
Fifth, due to the limited number of SF samples, we only
measured TDO2, IL-1f, and TNF-a levels in this study.
Other parameters, such as measurement of kynurenine
levels, an indicator of TDO?2 activity, should be evaluated.

Conclusion

We conclude that increased TDO2 levels in the synovium
may be associated with pro-inflammatory cytokines and
severity of OA. However, multicentric and longitudi-
nal studies are required to validate the potential role of
TDO?2 in the pathogenesis of OA and the possibility of
using TDO?2 as a potential target for OA treatment.
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