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Nrf2 Regulates CHI3L1 to Suppress Inflammation
and Improve Post-Traumatic Osteoarthritis
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Introduction: Post-traumatic osteoarthritis (PTOA) is an inflammatory condition that
occurs following mechanical joint trauma and that results in joint degeneration. This study
sought to evaluate the regulatory function of nuclear factor erythroid 2-related factor 2 (Nrf2)
in a murine model of anterior cruciate ligament transection (ACLT)-induced PTOA and in an
in vitro model of synoviocyte inflammation induced by LPS treatment with the goal of
exploring the role of chitinase 3-like-1 (CHI3L1) in this pathogenic context.

Methods: PTOA model mice were intra-articularly injected with Nrf2 overexpression
lentiviral vector, and safranin O-fast green staining as well as the Osteoarthritis Research
Society International (OARSI) Scoring System were used to evaluate the severity of cartilage
damage. Protein expression in the synovial tissue was evaluated by Western blotting,
immunohistochemical staining, and ELISA. Additionally, murine synoviocytes were infected
with Nrf2 overexpression lentivirus and stimulated with LPS. The levels of inflammatory
cytokines were detected by ELISA. ROS levels were measured using dihydroethidium
(DHE) dye.

Results: We determined that the overexpression of Nrf2 was sufficient to reduce cartilage
degradation in the context of PTOA in vivo, and we observed a significant decrease in the
expression of matrix metalloproteinase 13 (MMP13) in the articular cartilage of samples
from mice overexpressing Nrf2 relative to control mice. Synovial CHI3L1 expression and
serum TNF-q, IL-1B, and IL-6 levels were reduced in animals overexpressing this transcrip-
tion factor relative to PTOA model controls. Consistent with these findings, murine syno-
viocytes treated with LPS exhibited dose-dependent increases in ROS, TNF-a, IL-1p, IL-6,
Nrf2, and CHI3L1 levels, whereas Nrf2 overexpression was sufficient to suppress these
increases.

Conclusion: Our data indicated that Nrf2 negatively regulates CHI3L1, suggesting that this
signaling axis may regulate PTOA progression and may thus be a viable therapeutic target in
individuals affected by this condition.
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Introduction

Post-traumatic osteoarthritis (PTOA) is a condition that arises as a consequence of
trauma, resulting in pathological changes including articular cartilage ossification
and degenerative chondrogenic hyperplasia, resulting in joint pain and
dysfunction." While PTOA can affect individuals of any age, it is most common
in young adults following traumatic injury or in the context of unbalanced or
excessive load-bearing.”> As the ability of the articular cartilage to undergo self-

renewal is very limited, treatment options for PTOA remain unsatisfactory.’
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When reactive oxygen species (ROS) are produced at
a rate faster than the rate at which the articular cartilage is
able to clear them, this tissue is affected by oxidative
stress. Oxidative stress levels are high in the cartilage in
the context of PTOA, resulting in chronic inﬂammation,4
which can, in turn, drive synovial inflammation, intraarti-
cular lesion formation, chondrocyte anabolic processed,
and cartilage degeneration.” Nuclear factor E2-related fac-
tor 2 (Nrf2) is a transcription factor that serves as
a primary regulator of cellular antioxidant responses.
Under normal conditions in the absence of ongoing oxida-
tive stress, Nrf2 is sequestered in the cytoplasm in an
inactive state by Kelch-like ECH-associated protein 1
(Keapl). When oxidative stress occurs, however, Nrf2
dissociates from Keapl, becomes activated, and translo-
cates to the nucleus wherein it is able to regulate antiox-
idant-related gene expression to protect cells against this
deleterious form of stress.® Osteoarthritis patients exhibit
high levels of Nrf2 expression in the synovial tissues and
cartilage,””® and the Nrf2/HO-1 signaling pathway has
been shown to protect chondrocytes against hydrogen per-
oxide-induced oxidative damage and consequent apoptotic
cell death.” ROS generation and inflammation are closely
linked processes that regulate one another, and which
represent promising targets for PTOA treatment.'” Yan
et al'! found that Nrf2 activation was sufficient to alleviate
osteoarthritis via the inhibition of inflammasome
activation.

Chitinase 3-like 1 (CHI3L1, also known as YKL-40) is
a proinflammatory glycoprotein biomarker that has been
linked to tissue remodeling and bone resorption.'? CHI3L1

is secreted by macrophages, and

13—-16

synoviocytes,
chondrocytes, and can be detected at increased levels
in the synovial fluid and serum of patients with inflamma-
tory conditions, in addition to correlating with the extent
(RA)

patients.'” Inhibiting CHI3L1 has previously been shown

of joint degradation in rheumatoid arthritis
to suppress inflammation and cortical bone degeneration in
a murine osteomyelitis model system,'® while Kim et al'’
similarly determined that knocking down this glycoprotein
protected against hyperoxia-induced apoptotic death in
human airway epithelial cells, whereas CHI3L1 overex-
pression increased the susceptibility of these cells to such
apoptosis. As such, these prior data highlight CHI3L1 as
an important regulator of inflammatory and oxidative
stress responses. Its association with Nrf2, however, has

yet to be defined.

Herein, we explored the relationship between Nrf2 and
CHI3L1 by comparing the expression of these genes in
synovial samples from PTOA model mice. We then
explored the mechanistic basis for this relationship by
conducting Nrf2 knockdown experiments both in vitro
and in vivo.

Materials and Methods

Animals

C57BL/6  male (8-weeks-old)
Experimental Animal Co., Ltd (Shanghai, China) were
housed in a climate-controlled facility (23£1°C; 50-60%
relative humidity; 12 h light/dark cycles). The Ethics
Committee of Shunde Hospital approved these studies. This

mice from Jiesijie

animal experiments was performed according to the guide-
line of Animal Care and Use Committee of Shunde Hospital
and following internationally approved laboratory animal
care principles published by the National Institute of Health.

Nrf2 Overexpression

The Nrf2 coding sequence (GI: 927028865) was synthe-
sized, and both control and Nrf2 overexpression lentiviral
vectors were prepared by Hanbio Biotechnology Co., LTD
(Shanghai, China) at 3x10® transducing units (TU)/mL.

PTOA Model Animal Treatment

Mice were randomized into the following four groups
(n=5/group): a sham group, an ACLT group, an ACLT
+Lenti-NC group, and an ACLT+Lenti-Nrf2 group. All
ACLT model animals were anesthetized with 3% sodium
pentobarbital (i.p.; Sigma-Aldrich, MO, USA). ACLT of
the right knee was then conducted to cause joint instability,
thereby inducing PTOA. In sham control mice, a skin and
capsule incision was instead conducted. Animals in the
lentiviral treatment groups were intra-articularly injected
with 10 pL of the appropriate negative control (Lenti-NC)
or Nrf2 overexpression (Lenti-Nrf2) vectors on days 0, 15,
30, and 45 after ACTL surgery, as reported previously.?’
At eight weeks post-surgery, all mice were euthanized, and
knee joints were collected for histological assessment.

Histochemical and Immunohistochemical
Staining

Samples of paraffin-embedded tissue were cut to yield
4-um thick sagittal sections which were then subjected to
Hematoxylin and Eosin (HE), Masson’s trichrome and
Safranin O-Fast Green staining. Immunohistochemical
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staining for matrix metalloproteinase (MMP)-13 and
alpha-smooth muscle actin (a-SMA) were conducted by
deparaffinizing tissue sections, rehydrating them with an
ethanol gradient, and conducting antigen retrieval by pro-
cessing samples for 30 min with citrate buffer. Samples
were then washed with PBS, treated with 3% H,O, to
quench endogenous peroxidase activity, blocked for 1
h in 10% sheep serum at 37°C, and treated overnight
with anti-MMP13 (1/500, Abcam, USA) or anti-a-SMA
(1/200, Abcam) at 4°C. Sections were then probed with an
appropriate HRP-linked secondary antibody (Abcam) for
45 min, washed with PBS, stained with the DAB substrate
solution, and counterstained for 30 s with hematoxylin.
A light microscope (Olympus Optical, Tokyo, Japan) was
then used to image sections, which were evaluated using
Imagel. Two investigators blinded to experimental condi-
tions calculated the percentage of staining positive area in
six randomly selected fields of view for each articular
cartilage section at a magnification of x400.

Mouse OARSI Scoring

In order to quantify the degree of cartilage degeneration,
mouse cartilage degeneration was graded for Safranin O/
Fast Green-stained knee sections using the Osteoarthritis
Research Society International (OARSI) scoring system.
A subjective score of 0—-6 was applied as previously
described.”! Grading was performed by three blinded
observers. The three grades for each section were then
averaged, and the data for mice in each group were col-
lated. Higher scores were indicative of more serious carti-
lage damage.

Immunofluorescent Staining

Tissue sections were blocked for 1 h using 5% goat serum at
room temperature, and were then incubated overnight with
anti-Nrf2 (1/500, Abcam) or anti-CHI3L1 (1/50, Santa Cruz,
USA). Sections were then washed thrice with PBS and
stained for 1 h with secondary goat anti-mouse AF488 (1/
200, Invitrogen, USA) and rhodamine-conjugated goat anti-
rabbit IgG (1/100, Abcam). Nuclei were then stained with
DAPI, and cells were imaged via laser-scanning confocal
microscopy (Olympus, Tokyo, Japan).

Synovial Fibroblast Culture

Minced synovial tissue from C57BL/6 mice was used to
prepare primary murine synovial fibroblasts as in prior
reports.”> Briefly, these issues were digested for 3 h in
serum-free DMEM containing 1 mg/mL of collagenase

(Roche, Meylan, France) at 37°C. Cells were then washed
twice with PBS prior to being cultured in DMEM contain-
ing 10% fetal calf serum (Life Technologies), 50 mg/mL
L-glutamine, and penicillin/streptomycin in a humidified
5% CO, incubator. Synoviocytes used in the present study
were obtained between passages 3 and 9, were positive for
Vimentin immunofluorescent staining (anti-vimentin,
1:100, Abcam), and exhibited typical synovial fibroblast
morphology. Lentiviral transduction was conducted by
combining these cells (1x10°) with Lenti-Nrf2 or Lenti-
NC at a multiplicity of infection (MOI) of 100 for 48 h in
DMEM. Changes in Nrf2 protein expression were then
evaluated via Western blotting.

Intracellular ROS Assessment

Murine synovial fibroblasts were treated for 24 h with
a range of LPS concentrations, after which the dihy-
droethidium (DHE, Santa Cruz) dye was used to evaluate
ROS production. Briefly, cells grown on glass coverslips
were incubated in HBSS (Gibco) containing CaCl,,
MgCl,, and DHE (10 pmol/L) for 30 min at 37 °C in the
dark. Flow cytometry was then used to evaluate ROS
production based on median fluorescence intensity values
for 10,000 cells.

ELISAs

On day 7 post-surgery, samples of blood were obtained
from experimental animals. Blood was spun for 15 min at
3000 rpm at 4°C to yield serum. Levels of TNF-a
(#MTAO00B), IL-1B (#MLBO00C), and IL-6 (#¥M6000B) in
serum and in samples of supernatants from cultured syno-
vial fibroblasts were measured with commercial ELISA
kits (R&D Systems, MN, USA) based on provided direc-
tions. The absorbance of each standard and sample was
measured at 450 nm. A standard concentration gradient
was used as a standard curve.

Western Blotting

RIPA buffer supplemented with protease inhibitor cocktail
(Pierce, IL, USA) was used to lyse cells, after which nuclear
and cytoplasmic proteins were isolated with a commercially
available nuclear and cytoplasmic extraction kit (Thermo
Fisher Inc., IL, USA) based on provided instructions. A BCA
assay (Beyotime Biotechnology, China) was then used to
measure protein levels, and equal amounts of protein (40ug)
per sample were separated via 10% SDS-PAGE and trans-
ferred onto PVDF membranes (Millipore, Germany) that
were then blocked using 5% non-fat milk in TBST for 1
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Figure | Overexpressing Nrf2 inhibits articular cartilage degeneration in a murine model of ACLT-induced PTOA. On day 3 post-ACLT, the affected knee joints of mice
were injected with a lentivirus encoding a control or Nrf2 overexpression vector (Lenti-NC and Lenti-Nrf2, respectively). At 8 weeks post-ACLT, all animals were
euthanized. Sham-operated animals served as negative controls. (A) Nrf2 protein levels in knee joints of mice were assessed by Western blotting with GAPDH as
a normalization control. (B) Sagittal tibial articular cartilage sections were subjected to safranin O-fast green staining. Scale bar = 200 pm or 50 ym. (C) the OARSI scoring
system was used to grade mouse cartilage degeneration. (D) Cartilage expression of MMP|3 was evaluated via immunohistochemistry. Scale bar = 50 ym. (E) The MMP13-
positive cartilage area was quantified as a fraction of overall cartilage area. Data are means + SD. n = 5/group. *p<0.05, **p<0.01 vs Sham. #p<0.05 vs ACLT model group.

h. Next, blots were probed overnight with anti-Nrf2 (1:1000,
Abcam), anti-CHI3L1 (1:200, Santa Cruz), anti-LaminB
(1:1000, Sigma), anti-o-tubulin (1:1000, Santa Cruz), or anti-
GAPDH (1:1000, Santa Cruz) at 4°C. Blots were then washed
using TBST and probed with an appropriate secondary anti-
body for 2 h at room temperature, after with the ECL Plus
reagent (Amersham Biosciences, Little Chalfont, UK) and
autoradiographic film were used to detect protein bands.
A gel image analysis system (BioRad, CA, USA) was used
for densitometric analyses of developed blots.

Statistical Analysis

Data are means = SD, and were compared through
Student’s t-tests or one-way ANOVAs with Tukey’s post
hoc test, as appropriate. P < 0.05 was the significance
threshold for this study.

Results
Overexpressing Nrf2 Prevents Articular

Cartilage Degeneration in a Murine
Model of PTOA

Western blotting was performed to determine the expression of
Nrf2 in knee joints of mice. Compared with that in the sham
group, the expression of Nrf2 in ACLT group was increased.
Notably, the expression of Nrf2 in the Nrf2 overexpression
(ACLT+Lenti-Nrf2) group was

increased  significantly

compared with that in the ACLT group (Figure 1A). Safranin
Offast green staining was used to evaluate articular cartilage
structures in our experimental mice. In sham control animals,
the articular cartilage was intact with a smooth surface and
uniform organization (Figure 1B). In contrast, animals in the
ACLT and ACLT+Lenti-NC groups exhibited a reduction in
safranin O staining consistent with a loss of articular cartilage.
However, ACLT+Lenti-Nrf2 treatment significantly decreased
the severity of articular cartilage degeneration in these PTOA
model animals. The ACLT+Lenti-Nrf2 group also exhibited
significantly lower cartilage OARSI grade scores relative to the
ACLT and ACLT+Lenti-NC groups (Figure 1C). We then
conducted immunohistochemical staining for MMP13 in syno-
vial tissue samples from these mice (Figure 1D), revealing
significant increases in MMP13-positive cartilage area in
ACLT and ACLT+Lenti-NC group animals relative to sham
controls, whereas this area was significantly decreased in ani-
mals in the ACLT+Lenti-Nrf2 group relative to those in the
ACLT model group (Figure 1E).

Overexpressing Nrf2 Prevents Synovial
Fibrosis and Inflammation in PTOA Model
Mice

Masson’s trichrome staining was next conducted to assess

synovial fibrosis in these mice at 8 weeks post-surgery.
This analysis revealed that Nrf2 overexpression markedly
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Figure 2 Overexpressing Nrf2 suppresses synovial fibrosis in a murine model of PTOA. (A) Masson’s staining of synovial samples from mice in the indicated treatment
groups was conducted. Scale bar=100 pm. (B) a-SMA expression in synovial samples was evaluated via immunohistochemistry. Scale bar = 100 pm. (C) The a-SMA-positive
synovial area was quantified as a fraction of overall synovial area. Data are means + SD. n = 5/group. *p<0.05, **p<0.01 vs Sham. #p<0.05 vs ACLT model group.

suppressed ACLT-induced increases in the fibrotic area
(Figure 2A). Immunohistochemical staining also con-
firmed that the expression of the fibrosis marker a-SMA
was significantly increased in the ACLT group in compar-
ison with the Sham group, while overexpression of Nrf2 in
the ACLT+Lenti-Nrf2 group appeared to reduce their
expression against the ACLT group (Figure 2B and C).
HE staining displayed pathological changes among
groups, and immunofluorescent staining of synovial tis-
that ACLT surgery induced Nrf2

sues revealed

Nrf2/CHI3L 1/DAPI

translocation to the nucleus, and this localization was
increased in mice injected with Lenti-Nrf2. We also
observed significantly higher CHI3L1 levels in PTOA
model mice, and found that this protein colocalized with
Nrf2 in synovial tissue samples (Figure 3). We additionally
collected serum samples from experimental mice on day 7
post-surgery and measured TNF-a, IL-1p, and IL-6 levels
therein. This analysis revealed that ACLT surgery
increased the circulating levels of all three of these cyto-
whereas Lenti-Nrf2

kines, administration markedly

AC_LT + Lenti-ﬁl\{‘C_

ACLT + Lenti-Nrf2

. ;U

200 x

400 x

Figure 3 HE and immunofluorescence staining of the synovium in PTOA model mice. Synovial samples were stained for HE and immunofluorescence of Nrf2 (red) and
CHI3LI (green), with DAPI (blue) being used for nuclear counterstaining. The magnification is 200% or 400x.
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Figure 4 Overexpressing Nrf2 suppresses synovial inflammation in a murine model of PTOA. Samples of blood were conducted on day-7 post-ACLT or sham surgery, and
ELISAs were conducted to measure TNF-a (A), IL-1B (B), and IL-6 (C) levels in isolated serum. Data are means+SD. n = 5/group. *p<0.05, **p<0.01 vs Sham. #p<0.05 vs

ACLT model group.

suppressed their expression relative to ACLT model con-
trol mice (Figure 4A—C), suggesting that Nrf2 can inhibit
inflammatory mediator expression.

LPS Treatment of Murine Synoviocytes
Induces Inflammation and ROS

Production

Figure 5A displays the immunofluorescence-based identifi-
cation of synoviocytes. We treated murine synoviocytes with
LPS (0, 50, 100, or 200 ng/mL) for 24 h. DHE staining of
these cells then revealed that ROS levels were significantly
increased in a dose-dependent fashion upon LPS treatment
(Figure 5B and C), as were TNF-a, IL-1f, and IL-6 levels
(Figure SD-F). We then evaluated Nrf2 and CHI3L1 protein
levels in these synoviocytes via Western blotting, revealing
both to be upregulated by LPS in a dose-dependent fashion
(Figure 5G and H). In particular, extremely significant
increases in all the above indicators were observed in cells
treated with LPS concentrations >100 ng/mL, as compared
to cells not stimulated with LPS. As such, 100 ng/mL of LPS
was selected as the concentration used in subsequent
experiments.

Overexpressing Nrf2 Suppresses
LPS-Induced Synoviocyte CHI3LI Protein
Expression, Inflammation, and ROS

Production
Lastly, we explored the functional role of Nrf2 in murine
synoviocytes by transducing these cells for 48 h with Lenti-

NC or Lenti-Nrf2 and then treating them for an additional 24
h with LPS (100 ng/mL). Western blotting revealed that
nuclear Nrf2 levels were significantly higher in Nrf2 over-
expressing cells relative to those transduced with Lenti-NC,
whereas CHI3L1 levels were significantly reduced upon
Lenti-Nrf2 infection (Figure 6A and B). Following LPS
treatment, ROS levels in these cells were assessed via
DHE staining (Figure 6C), revealing significant reductions
in ROS levels in cells overexpressing Nrf2 (Figure 6D). We
additionally evaluated inflammatory cytokine levels in
supernatants collected from these cells following LPS treat-
ment, revealing that TNF-o (Figure 6E), IL-1B (Figure 6F),
and IL-6 (Figure 6G) levels were all significantly decreased
by Nrf2 overexpression compared to Lenti-NC transduction.

Discussion

PTOA is a form of osteoarthritis (OA), a chronic disease that
can cause synovial joint pain and even disability in severe
cases.” The knee is the most common site of traumatic
synovitis in the body.”* Herein, we utilized a murine
model of PTOA via conducting ACLT of the right knee
joint. At 8 weeks post-ACLT, articular cartilage degenera-
tion was clearly evident in the operated knee of these mice.
MMP13 is a major driver of cartilage degradation,*” and we
found that the ACLT procedure was associated with
a significant increase in MMP13 expression in the articular
cartilage of these mice relative to sham-operated controls.
We also found that serum TNF-a, IL-1B, and IL-6 levels
were higher in ACLT model mice. Together these data are
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Figure 5 LPS treatment of murine synoviocytes induces inflammation and ROS production. (A) Representative immunofluorescence images used to identify synoviocytes.
Images of vimentin staining (red). Nuclei were counterstained with DAPI (blue). Scale bar =50 um. (B) ROS levels in cells treated with a range of LPS concentrations for 24
h were evaluated via flow cytometry. (C) Median fluorescent intensity values were used to quantify ROS data. ELISAs were used to measure supernatant TNF-a (D), IL-1
(E), and IL-6 (F) concentrations. (G) Western blotting was used to assess Nrf2 and CHI3LI protein levels, (H) with GAPDH as a normalization control. Data are means +

SD from three technical replicates. ¥p<0.05, **p<0.01 vs untreated.

consistent with clinical signs of osteoarthritis such as syno-
vitis and cartilage degeneration.'***

The synovium plays a key role in maintaining joint
homeostasis, lubricating the joint and facilitating the flow
of synovial fluid therein.?® Herein, we observed clear signs
of synovial fibrosis in ACLT model mice, consistent with
the impairment of synovial function. Coleman et al*’
determined that intra-articular N-acetylcysteine (NAC)
injection can effectively prevent PTOA via suppressing
oxidative stress in model experimental systems. As a key
regulator of oxidative stress responses, Nrf2 is primarily
localized to the cytoplasm under normal physiological
conditions, but rapidly localizes to the nucleus in response
to oxidative stress whereupon it can promote the upregula-
tion of antioxidant stress response protein.>’ Su et al*®
showed that the activation of p62/Nrf2 signaling was suf-
ficient to inhibit ROS production, thus alleviating bone
1# co

signaling pathway activation

erosion in rheumatoid arthritis. Moreover, Lal et a
firmed that Nrf2/HO-1
improved arthritis in rats. Our data indicated that Nrf2

n-

activation occurs in the synovial tissue of ACLT model

mice, and this activity was enhanced by Nrf2 overexpres-
sion. In addition, Nrf2 overexpression inhibited fibrosis,
cartilage degeneration, and systemic inflammation in these
ACLT model mice, indicating that activation of Nrf2 is
beneficial to the development of PTAO. In our study,
CHI3L1 expression was also increased in the synovium
of mice following ACLT, whereas Nrf2 overexpression
suppressed this CHI3L1 upregulation. CHI3L1 has been
shown to be a proinflammatory biomarker that is reflective
of the extent of synovial inflammation and -cartilage
degradation.'’>° These data indicate that Nrf2 can down-
regulate CHI3L1 and thereby suppress inflammation in the
context of PTOA.

ROS have been identified as key regulators of inflam-
mation, controlling oxidative stress and antioxidant
enzyme activity and thereby promoting an increase in
inflammatory activity.>' We found that ROS and inflam-
matory cytokine levels were increased in a dose-dependent
manner in murine synoviocytes treated with LPS, and we
found Nrf2 and CHI3L1 expression to be similarly

increased. We then treated Nrf2-overexpressing synovial
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Figure 6 Overexpressing Nrf2 suppresses LPS-induced synoviocyte CHI3LI protein expression, inflammation, and ROS production. Murine synoviocytes were infected for
48 h with Lenti-NC or Lenti-Nrf2 vectors, after which they were either left untreated (Ctrl) or were treated for 24 h with LPS (100 ng/mL). (A) Levels of Nrf2 in cytosolic
and nuclear extracts were assessed via Western blotting, as were CHI3LI levels in total cell lysates from synoviocytes in the indicated treatment groups. (B) Levels of
nuclear Nrf2 were normalized against cytoplasmic Nrf2 levels, whereas GAPDH was used when normalizing CHI3LI expression. (C) ROS production in synoviocytes was
evaluated via flow cytometry, (D) with median fluorescence intensity values being used to quantify these results. ELISAs were used to measure supernatant TNF-a (E), IL- 1
(F), and IL-6 (G) levels. Data are means+SD from three technical replicates. *p<0.05, **p<0.01 vs Lenti-NC infected control cells (Ctrl-Lenti-NC). #p<0.05 vs Lenti-Nrf2

infected control cells (LPS-Lenti-NC).

fibroblasts with LPS in order to explore the association
between CHI3L1 and Nrf2 in this pathogenic context. We
found that CHI3L1 expression was significantly reduced in
cells overexpressing this transcription factor relative to
cells transduced with a control lentivirus. ROS can trigger
Nrf2 activation, which can suppress oxidative stress and
thereby inhibit inflammation.®? Our data indicate that Nrf2
overexpression may suppress CHI3L1 expression and
ROS production, thereby

responses.

inhibiting  inflammatory

Conclusion

Together, our data indicate that Nrf2 and CHI3L1 are
expressed at high levels in the murine PTOA model sys-
tem. Importantly, we determined that Nrf2 overexpression
downregulates CHI3L1 expression and suppresses inflam-
mation in vivo and in vitro. Nrf2 may therefore be a viable

target for therapeutic efforts aimed at treating or prevent-
ing PTOA through mechanisms linked to the regulation of
CHI3L1. However, one noteworthy limitation of this study
is that the mechanisms and pathways whereby Nrf2 affects
the cartilage and synoviocytes were not analyzed, and
future research will be required to validate and expand
upon the findings of this study in order to fully clarify
the mechanisms and pathways underlying this Nrf2-
mediated activity and the relationship between Nrf2 and
CHI3L! in the synovium and articular cartilage in the
context of PTOA.
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