Arch Rheumatol 2022;37(2):212-222
doi: 10.46497/ArchRheumatol.2022.9109
ORIGINAL ARTICLE

Antioxidant glutathione inhibits inflammation in synovial fibroblasts
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ABSTRACT

Objectives: In this study, we aimed to investigate whether glutathione (GSH) could decrease the secretion of reactive oxygen species (ROS), reduce
inflammation, and modulate the phosphatase and tensin homolog deleted on chromosome 10/phosphatidylinositol 3-kinase/AKT (PTEN/PI3K/AKT)
in synovial fibroblasts (SFs).
Materials and methods: A total of 30 DBA/1J female mice were used in this study. The release of ROS in MH7A cells was examined using a ROS assay
kit. The effects of GSH on the messenger ribonucleic acid (mRNA) expression and protein levels of inflammatory cytokines were determined via
reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and enzyme-linked immunosorbent assay (ELISA) in mouse SFs and MH7A
cells, respectively. The PTEN/PI3K/AKT pathway was investigated via Western blotting. The effects of buthionine-sulfoximine (BSO), as an inhibitor
of GSH, on these molecules were examined.
Results: The ROS were decreased after GSH treatment, and the mRNA levels of tumor necrosis factor-alpha (TNF-α), interleukin (IL)-1β, IL-6, matrix
metalloproteinase (MMP)-1, MMP-3, were also significantly inhibited after GSH stimulation. However, the IL-10 levels were enhanced, and GSH
increased the expression of PTEN. The GSH suppressed the activation of phosphorylated (p)-PI3K and p-AKT. The supplementation of the BSO
restored the activation of PI3K/AKT pathway with a high production of ROS. The levels of TNF-α, IL-1β and IL-6 were also elevated, when the BSO
was added.
Conclusion: These findings suggest that GSH can act as an inflammatory suppressor by downregulating the PTEN/PI3K/AKT pathway in MH7A cells.
These data indicated a novel function of GSH for improving the inflammation of RA SFs and may help to alleviate the pathological process of RA.
Keywords: Inflammation, PTEN/PI3K/AKT, reduced glutathione, rheumatoid arthritis, synovial fibroblasts.

Glutathione (GSH), a tripeptide, is an
important intracellular antioxidant buffer which
resist oxidative stress. It mainly exists in the
forms of reduced GSH and oxidized GSH
(GSSG). The metabolism of GSH is tightly
controlled to maintain redox balance. However,
it has been demonstrated to be constitutively
lacking in patients with rheumatoid arthritis
(RA),1,2 but reactive oxygen species (ROS)

exhibit a higher level than normal cells. Growing
numbers of studies have implicated that ROS
have a close association with the accelerated
inflammation of autoimmunity.3 Abundant ROS
increases the expression of pro-inflammatory
cytokine tumor necrosis factor-alpha (TNF-a), the
cytokines, in turn, aggravate over-expression of
ROS, contributing to a more severe inflammatory
response. In RA, ROS are thought to directly
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contribute to destructive and proliferative
synovitis and, thus, play an essential role in
pathophysiology of RA.3,4 Moreover, high levels
of ROS can contribute to osteoclast differentiation
via RANKL signaling, inducing bone and cartilage
destruction. Furthermore, ROS levels positively
correlate with disease activity.5,6
Previous
studies
have
shown
that
ROS-associated transduction of signaling
pathways participate in pathogenesis of RA.4
The ROS directly activate PI3K and increase
downstream signaling. Concurrently, ROS
inactivate tensin homolog (PTEN), which is
involved in negatively regulated PIP3 synthesis
and, thus, inhibits AKT activation.4,7 The PTEN
is regarded as a key regulator for inhibiting the
PI3K/AKT pathway. In recent years, it has been
reported that the PI3K/AKT pathway may be a
target for RA treatment.8
Therefore, ROS require antioxidants to remove
them. Oxidation scavengers include vitamin C
and E, coenzyme Q10 and, particularly, GSH.9
In GSH metabolic processes, different antioxidant
enzymes, such as superoxide dismutase, GSH
peroxidase and catalase, are found to be
useful for protecting against ROS. However,
as aforementioned, most of the studies have
pointed out that GSH depletion is a mainstream
in the pathogenesis of several inflammatory
diseases. Accumulated data have shown that
antioxidant supplementation may be beneficial in
the treatment of autoimmune diseases.1,10
During recent years, there have been some
reports to investigate how ROS-mediated cellular
signaling involve in pathogenesis of RA. However,
the role of antioxidant buffer GSH on ROS
signals in RA synovial fibroblasts (RA SFs) still
remains to be understood. In the present study,
therefore, we aimed to elucidate the impact of
GSH on the secretion of ROS, the expression
of PTEN/PI3K/AKT signals and inflammatory
factors in RA SFs.

MATERIALS AND METHODS
A total of 30 DBA/1J female mice were
used in this study (from Shanghai Laboratory
Animal Center, Shanghai, China). At the time
of the experiments, the mice were six to eight
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weeks old with a mean±standard error of the
mean (SEM) body weight of 20±2 g. All mice
were housed in an air-conditioned room at 24°C
with a 12 h dark/light cycle and permitted free
access to standard laboratory food and water ad
libitum. Animals were randomly divided into three
groups for isolating mouse SFs under the same
conditions.
Mouse SFs were separated from DBA/1J
mouse knees, ankle joints and feet by cutting the
synovium and bone tissue into germfree pieces.
Then, these tissues were enzymatically dispersed
using collagenase IV (Worthington Biochemical
Corp., NJ, USA). Cells at passages 3 to 4 and
80 to 90% confluence were used for subsequent
experiments. The cells were cultured at 37°C in
a humidified atmosphere containing 5% CO2 and
with high glucose-containing DMEM (HyClone;
Logan, UT, USA) supplemented with 10% FBS
(Gibco; Thermo Fisher Scientific Inc., MA, USA)
and 1% penicillin-streptomycin (Gibco; Thermo
Fisher Scientific Inc., MA, USA).
The MH7A cell line was purchased from
Shanghai Guandao Biological Engineering Co.
Ltd., and the cells were incubated in conditions
similar to mouse SFs.
The MH7A cells and mouse SFs were treated
with indicated concentrations of GSH (Beijing
Solarbio Science & Technology Co., Ltd,
China; 100 μg/mL) with or without Escherichia
coli lipopolysaccharide (LPS) (100 ng/mL), the
control group was treated with equal amount
of phosphate buffered saline (PBS) for 24 h at
37°C. The supernatants were used to detect
the protein levels of cytokines via enzymelinked immunosorbent assay (ELISA). The cells
were used to detect the messenger ribonucleic
acid (mRNA) expression levels of cytokines via
reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) and were used
to measure the protein expression levels of
PTEN, phosphorylated (p)-PI3K, and p-AKT
via Western blotting.
The levels of ROS were determined using
a ROS assay kit (Cat. No. S0033; Beyotime
Institute of Biotechnology, Shanghai, China)
according to the manufacturer’s instructions.
Cellular ROS production was measured using a
2´,7´-dichlorofluorescein diacetate (DCFDA) assay
kit according to the manufacturer’s instructions.

214

Arch Rheumatol

The DCFDA is a cell permeable fluorogenic dye
that measures hydroxyl, peroxyl, and activity of
ROS within the cell. Briefly, dilute DCFH-DA with
serum-free culture medium at a ratio of 1:1000
to a final concentration of 10 μmoL/L. Remove
the cell culture medium and add 500 µL diluted
DCFH-DA in 24-well plate. Incubate for 20 min at
37°C in a humidified atmosphere (5% CO2). Wash
the cells three times with serum-free cell culture
medium to fully remove the redundant DCFH-DA.
Finally, capture the figures with laser confocal
microscope.
The RNA was isolated from MH7A cells and
mouse SFs using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific Inc., MA, USA), and RT
was conducted using PrimeScript™ RT Master mix
(Takara Bio Inc., Kusatsu, Shiga, Japan). Then,
complementary deoxyribonucleic acid (cDNA)
was amplified using SYBR® Premix Ex Taq™
(Takara Bio Inc., Kusatsu, Shiga, Japan) with
gene-specific primers. The RT-qPCR analyses
were performed in a LightCycler® 480 II detection
system (Roche Diagnostics GmbH, Roche Applied

Science, Mannheim, Germany) under the following
thermal cycler conditions: initial denaturation for
5 min at 95°C, followed by 45 cycles for 15 sec
at 95°C, 15 sec at 60°C and 15 sec at 72°C,
using the primers listed in Tables 1 and 2. All
experiments were performed in triplicate and the
comparative cycling threshold values (Ct values)
were normalized to endogenous reference
(GAPDH). The levels of mRNA expression were
calculated using the 2-ΔΔCq method.
The levels of interleukin (IL)-6, TNF-a, IL-10,
and matrix metalloproteinase-1 (MMP-1) in
cultured cell supernatants of MH7A cells were
determined using the ELISA kits (IL-6, cat.
no. EK106/2-96; MMP-1, cat. no. EK1M01-96;
eBioscience; Thermo Fisher Scientific Inc., MA,
USA; IL-10, Cat. No. 70-EK110/2-48; TNF-a,
Cat. No. 70-EK182-48; Hangzhou Multi Sciences
(Lianke) Biotech Co. Ltd., Hangzhou, China)
according to manufacturer’s instructions.
For Western blotting, all proteins were isolated
using the RIPA buffer (Beyotime Institute of

Table 1. Sequences for human MH7A primers (forward, F; reverse, R) used
in real-time RT-qPCR
Gene

Sequences for primers(5’-3’)

Temperature (°C)

IL-6

F: ACATCCTCGACGGCATCTC
R:TCAGGACTTTTGTACTCATCTGCAC

60

TNF-a

F: TTGAAGAGGACCTGGGAGTAG
R:CGAGTGACAAGCCTGTAGCC

60

IL-1b

F: AACAGGCTGCTCTGGGATTC
R: TTGGTTGTAGAGGGCAAGGACCT

60

MMP1

F:TCTTTAAAGACAGATTCTACATGCGC
R: GATGTCCTTGGGGTATCCGTG

60

MMP3

F: GTTTTGGCCCATGCCTATGC
R: GGTCCATAGAGGGACTGAATGC

60

Visfatin

F: CGACTCCTACAAGGTTACTCACTATAAAC
R: CTTCTCAAGAATGTAGTTCCATCCC

60

Leptin

F: TGGTTTCATTTCTACTGTGACTGATG
R: TCCTAAGCAATTGCAGAAGATAAG

60

Adiponectin

F: CTTACGTTACTATCCCCAACATGC
R: TACACCTGGAGCCAGACTTGG

60

Resistin

F: GCAATAAGCAGCATTGGCC
R: CCAGGTTTATTTCCAGCTCCC

60

GAPDH

F: GGAGTCCACTGGCGTCTT
R: AGGCTGTTGTCATACTTCTCAT

60

RT-qPCR: Reverse transcription-quantitative polymerase chain reaction; IL-6: Interleukin-6; TNF-a:
Tumor necrosis factor-alpha; MMP: Matrix metalloproteinase.
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Table 2. Sequences for mouse SFs primers (forward, F; reverse, R) used in
real-time RT-qPCR
Gene

Sequences for primers(5’-3’)

Temperature (°C)

IL-6

F: CCACGGCCTTCCCTAC
R:AAGTGCATCATCGTTGT

TNF-a

F: CATCTTCTCAAAATTCGAGTGACAA
R: TGGGAGTAGACAAGGTACAACCC

IL-10

F:ACCTGGTAGAAGTGATGCCCCAGG CA
R: CTATGCAGTTGATGAAGATGTCAA A

GAPDH

F: CAACTTTGGCATTGTGGAAGG
R: ACACATTGGGGGTAGGAACAC

RT-qPCR: Reverse transcription-quantitative polymerase chain reaction; IL-6: Interleukin-6; TNF-a:
Tumor necrosis factor-alpha.

Biotechnology, Shanghai, China) and analyzed
with bicinchoninic acid protein concentration
assay kit (Beyotime Institute of Biotechnology,
Shanghai, China). Equal amounts of protein
(~60 μg) were subjected to SDS-PAGE (10%) and
were, then, transferred to PVDF membranes,
and membranes were blocked with 5% skim
milk powder and incubated in a shaker at room
temperature for 4 h and, then, membranes
were incubated with the primary antibodies
(rabbit PTEN, Cat. No. 9559; p-PI3K, Cat.
No. 4257; p-AKT, Cat. No. 4060; GAPDH,
Cat. No. 2118; Cell Signaling Technology, Inc.;
1:1,000. b-actin, cat. no. ab008; Hangzhou Multi
Sciences (Lianke) Biotech Co. Ltd., Hangzhou,
China 1:2,000.) at 4˚C for 12 h. The secondary
antibodies (Cat. No. GAR007 anti-rabbit IgG;
Hangzhou Multi Sciences (Lianke) Biotech Co.
Ltd., Hangzhou, China 1:2,000) were incubated
at room temperature for 2 h. The membranes
containing antibody protein complexes were
visualized with an enhanced chemiluminescence
detection system on radiograph film (Bio-Rad
Laboratories Inc., CA, USA). The bands were
scanned and analyzed using Quantity ONE
software (version 1.0; Bio-Rad Laboratories Inc.,
CA, USA). The expression levels of proteins
in each sample were normalized to b-actin or
GAPDH.
For buthionine-sulfoximine (BSO) stimulation,
BSO was purchased from the Selleck Chemicals
LLC, TX, USA. The MH7A cells were treated
with LPS (100 ng/mL), GSH (100 µg/mL),
LPS+GSH, LPS+BSO (4 µM), LPS+BSO+GSH
or PBS (control group) for 24 h at 37˚C. The

collected supernatants and cells were used to the
following experiments.
Statistical analysis
Statistical analysis was performed using the
SPSS version 16.0 software (SPSS Inc., Chicago,
IL, USA). Descriptive data were expressed in
means ± standard deviation (SD). One-way
analysis of variance (ANOVA) with LSD or S-N-K
post-hoc test was used to compare multiple
groups. Normality and homogeneity of variances
of data were established before using the oneway ANOVA analysis. A p value of <0.05 was
considered statistically significant.

RESULTS
Effects of GSH on the release of ROS in
MH7A
The GSH acts as an antioxidant and decreases
the release of ROS.11 In this study, the results
demonstrated that the mean fluorescence
intensity, representing ROS, in the LPS+GSH
group was significantly lower compared to that in
the LPS group (Figure 1).
Effects of GSH on the mRNA levels of
pro-infammatory cytokines in
LPS-induced MH7A cells and mouse SFs
The TNF-a, IL-6, and IL-10 are implicated
in the pathogenesis of RA.12 To investigate the
effects of GSH and determine its appropriate
dose on LPS-induced pro-inflammatory
cytokine production, mouse SFs were
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PBS

LPS

GSH

LPS + GSH

Figure 1. The effects of reduced glutathione (according to preliminary results, choose
100 μg/mL) on the secretion of reactive oxygen species in human rheumatoid arthritis cell
lines MH7A. The mean fluorescence intensity was detected by B¥51-positive fluorescence
microscope (n=3, ¥40).
PBS: Phosphate buffered saline; LPS: Escherichia coli lipopolysaccharide; GSH: Glutathione.

pretreated with different concentrations of
GSH ranging from 50 to 150 μg/mL with or
without LPS for 24 h. As presented in Figure
2A, the results of RT-qPCR showed that GSH,
only at 100 μg/mL, significantly decreased
the release of IL-6 in LPS-stimulated mouse
SFs (p<0.05). Meanwhile, the mRNA level of
TNF-a was significantly decreased, while IL-10
was enhanced (p<0.05).
Figure 2B depicts further validation of the antiinflammatory effect of the selected concentration
of GSH (100 μg/mL) in SFs. As presented, IL-6 and
TNF-a mRNA levels were significantly decreased
in the LPS+GSH group compared to the LPS
group (p<0.05), whereas IL-10 was significantly
elevated in the LPS+GSH group compared to the
LPS group (p<0.05) in mouse SFs. Furthermore,
GSH (100 μg/mL) exhibited a significantly
inhibitory effect on the mRNA levels of IL-6 and
TNF-a in MH7A cells (Figure 2c). The IL-1b has

been shown to stimulate matrix metalloproteinase
production in human RA SFs. Moreover, mature
IL-1b can bind to the IL-1 receptor (IL-1R) present
on RA SFs, thereby resulting in the activation of
the NF-kB and MAPK pathways, indicating an
important pathological relevance in modulating
RA inflammatory responses.13 This study showed
that IL-1b mRNA level was significantly decreased
in the LPS+GSH group compared to the LPS
group in MH7A cells (p<0.05).
Effects of GSH on the mRNA levels of
MMPs in LPS-induced MH7A cells
To measure the effects of GSH on MMPs
in SFs, RT-qPCR was used to examine the
expression of MMPs in MH7A. As presented in
Figure 3, the expression levels of MMP-1 and
MMP-3 were significantly downregulated in the
LPS+GSH group compared to the LPS group
(p<0.01).
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(a)

(b)

(c)

Figure 2. The effects of reduced glutathione on the release of inflammatory cytokines. (a) Reduced
glutathione ranging from 50 to 150 μg/mL with lipopolysaccharide group compared to the lipopolysaccharide
group in mouse synovial fibroblasts. (b) Reduced glutathione 100 μg/mL with lipopolysaccharide group
compared to the lipopolysaccharide group in mouse synovial fibroblasts. (c) Reduced glutathione 100 μg/mL
with lipopolysaccharide group compared to the lipopolysaccharide group in human rheumatoid arthritis cell
lines MH7A.

Data are given in mean ± standard deviation, unless otherwise stated. IL: Interleukin; TNF-a: Tumor necrosis factor-alpha; PBS: Phosphate
buffered saline; LPS: Escherichia coli lipopolysaccharide; GSH: Glutathione; ** p<0.01; *** p<0.001.

Effects of GSH on the protein levels of
cytokinesis LPS-induced MH7A cells
At 24 h after GSH treatment, the protein
levels of IL-6, TNF-a, IL-10, and MMP-1 secreted
from MH7A were evaluated via ELISA (Figure 4).
The IL-6, TNF-a, and MMP-1 levels were lower
in LPS+GSH group compared to the LPS group
(p<0.05), However, IL-10 was significantly

increased after GSH treatment. These results
indicated that GSH suppressed the secretion of
inflammatory cytokines and enzymes degrading
collagen in MH7A.
Effects of GSH on the protein levels of
PTEN/PI3K/AKT pathway in MH7A cells
To investigate the mechanism via which
GSH inhibits the production of pro-inflammatory
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(a)

(b)

Figure 3. The effects of reduced glutathione on the release of matrix
metalloproteinases. Reduced glutathione 100 μg/mL with lipopolysaccharide
group compared to the lipopolysaccharide group in human rheumatoid arthritis
cell lines MH7A.
Data are given in mean ± standard deviation, unless otherwise stated. MMP: Matrix
metalloproteinase; PBS: Phosphate buffered saline; LPS: Escherichia coli lipopolysaccharide;
GSH: Glutathione; ** p<0.01; *** p<0.001.

Figure 4. The effects of reduced glutathione on interleukin-6, tumor necrosis
factor-a, interleukin-10 and matrix metalloproteinases 1 in the supernatant of
human rheumatoid arthritis cell lines MH7A. Reduced glutathione 100 μg/mL
with lipopolysaccharide group compared to the lipopolysaccharide group in
human rheumatoid arthritis cell lines MH7A.
Data are given in mean ± standard deviation, unless otherwise stated. IL: Interleukin; MMP: Matrix
metalloproteinase; GSH: Glutathione; ** p<0.01.
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PBS

LPS

GSH

LPS + GSH

p-PI3K

p-AKT

GAPDH

PTEN

Figure 5. The effects of reduced glutathione on
phosphatase and tensin homolog deleted on chromosome
ten/phosphatidylinositol 3-kinase/AKT in the cell of
human rheumatoid arthritis cell lines MH7A. The protein
levels of phosphatase and tensin homolog deleted on
chromosome ten, phosphorylated-phosphatidylinositol
3-kinase, phosphorylated-AKT were determined using
Western blot (n=4), GSH 100 μg/mL with LPS group
compared to LPS group in human rheumatoid arthritis
cell lines MH7A.
PBS: Phosphate buffered saline; LPS: Escherichia coli lipopolysaccharide;
GSH: Glutathione.

cytokines, Western blot analysis was performed to
test whether GSH regulated the PTEN/PI3K/AKT
signaling pathway. Regulation of PI3K/AKT
pathway is usually reflected by phosphorylation of
PI3K. Thus, this study detected phosphorylation
of PI3K (p-PI3K) and p-AKT protein only via
Western blot. The results demonstrated that,
compared to the LPS group, the expression of
PTEN was enhanced, while the p-PI3K and p-AKT
was significantly downregulated in the LPS+GSH
group (Figure 5). These results indicated that, in
MH7A cells, GSH significantly suppressed the
PI3K/AKT pathway, as well as the increased
PTEN expression.
Effects of BSO on inflammation in
MH7A cells
After the administration BSO, the mean
fluorescence intensity was detected, and
it was found that ROS levels were higher in
the BSO+LPS+GSH group compared to the
LPS+GSH group (Figure 6A). Furthermore, the
mRNA expression levels of IL-6, TNF-a, and
IL-1b were higher in the BSO+LPS+GSH group
compared to the LPS+GSH group (Figure 6b).
Similarly, the mRNA expression of MMP-1 was
increased after BSO treatment. In addition,
Western blotting results indicated that the protein
expression levels of p-PI3K and p-AKT were

significantly upregulated, while the expression
of PTEN was decreased in the LPS+GSH+BSO
group compared to the LPS+GSH group
(Figure 6c).

DISCUSSION
The GSH has been regarded as the principal
component of the antioxidant defense system
in autoimmune diseases. Previous studies have
reported that the decreased levels of cellular
antioxidants and elevated free radicals in the
inflammatory articular cavity may lead to
intensified RA.14 The ROS accumulate in the
synovial fluid and peripheral blood of RA patients
and can cause degenerative changes to joins, if
their production and release are not balanced by
sufficient antioxidants.15 The results of our study
reveal that GSH in RA SFs MH7A significantly
decreased the secretion of ROS, whereas the
release of ROS was recovered in the presence of
GSH inhibitor. An accurate redox balance, as a
crucial safeguard, is necessary to sustain immunity
homeostasis, which both prevent the development
of autoimmunity.16 Thus, it is suggested that GSH
may regulate chronic inflammation in RA by
maintaining the homeostasis of ROS. However,
the role of GSH in inflammation modulation of
SFs is still largely unclear. In the present study,
we systematically explored the role and underlying
molecular mechanisms.
Several studies have shown that PTEN is
a sensitive biomarker in oxidative stress.17,18
The PTEN can suppress the activation of the
PI3K/AKT pathway and exert anti-inflammatory
and antioxidative stress. Downregulation of PTEN
results in high levels of ROS and prominently
activation of AKT. A recent study has shown
that PTEN significantly reduces the arthritis and
histology scores by decreasing the secretion of
pro-inflammatory cytokines in collagen-induced
arthritis (CIA).19 Interestingly, the present study
found that the protein expression level of PTEN
was significantly increased in GSH-stimulated
MH7A cells.
Furthermore, the abnormally activated
PI3K/AKT signaling pathway is responsible for
inflammation and excess proliferation of SFs in
RA. It has been previously reported that blockage
of the PI3K/AKT pathway by PTEN can be a

220

Arch Rheumatol

(a)
PBS

LPS

LPS + BSO

GSH

LPS + GSH

LPS + BSO + GSH

(b)

(c)
PBS

LPS

GSH

LPS+
BSO+
LPS+GSH LPS+BSO GSH

p-PI3K
p-AKT
PTEN
b-actin

Figure 6. The effects of reduced glutathione on the inflammation in human rheumatoid arthritis cell lines MH7A while
adding buthionine-sulfoximine. (a) The mean fluorescence intensity was detected by BX51-positive fluorescence microscope
(n=3, ¥100). (b) *reduced glutathione 100 μg/mL with lipopolysaccharide group compared to lipopolysaccharide group,
#reduced glutathione 100 μg/mL with lipopolysaccharide and buthionine-sulfoximine group compared to lipopolysaccharide
and buthionine-sulfoximine group, & reduced glutathione 100 μg/mL with lipopolysaccharide and buthionine-sulfoximine
group compared to reduced glutathione 100 μg/mL with lipopolysaccharide group in human rheumatoid arthritis cell lines
MH7A. * p<0.05, ** p<0.01, *** p<0.001. # p<0.05, ## p<0.01. && p<0.01. (c) The protein levels of phosphatase and
tensin homolog deleted on chromosome ten, phosphorylated-phosphatidylinositol 3-kinase, phosphorylated-AKT were
determined using Western blot in each group from human rheumatoid arthritis cell lines MH7A.
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therapeutic target for RA.20 The present study
results demonstrated the inhibitory effect of GSH
on p-PI3K and p-AKT protein expression levels,
as well as its promoting effect on the activation of
PTEN. On the other hand, administration of the
GSH inhibitor, BSO, depressed the expression
of PTEN and elevated the levels of p-PI3K and
p-AKT. These findings confirm the modulation
of GSH on the PTEN/PI3K/AKT pathway,
which serves an important role in the mechanism
of synovial inflammation. Pro-inflammatory
cytokines, such as TNF-a, IL-1b and IL-6, and
MMPs secreted from SFs result in the further
activation of immune cells, and the inflammatory
cycle created by them leads to the pathological
characters and systemic manifestations of
patients with RA.21 Thus, targeting these
cytokines as a therapeutic intervention has been
regarded as a rational and efficient choice, and
examples of such therapeutics include sarilumab,
tocilizumab, infliximab, and adalimumab.22 The
MMPs produced from SFs usually contribute to
the destruction of cartilage seen in RA.23 The
present RT-qPCR and ELISA results provided
evidence that the levels of TNF-a and IL-6 were
significantly decreased by GSH.
However, we observed a higher level of
IL-6 expression in LPS+GSH150 than that
in LPS+GSH100. Meanwhile, we detected a
higher IL-10 mRNA with LPS+GSH150 than
with LPS+GSH100. This may result from
the fact that GSH150 may pose a higher
pressure to the SFs which, in turn, promotes
both pro-inflammatory and anti-inflammatory
cytokine expression. However, GSH100 cannot
only downregulate TNF-a and IL-6 expression,
but also upregulate IL-10 expression, showing
a strong anti-inflammatory effect. Therefore, in
the present study, we used 100 µg/mL GSH to
study the anti-inflammatory effect and underlying
mechanism.
Additionally, MMPs were also decreased after
GSH administration in LPS-induced MH7A cells.
However, while inhibiting GSH with BSO, the
levels of these inflammatory cytokines were
significantly higher than before, which indicated
the inhibitory effects of GSH on inflammation
in SFs. Therefore, the results suggested that
GSH has a potential regulation on synovitis and
bone destruction of RA by depressing cytokines
and the production of ROS secreted from SFs.
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Therefore, the inhibitory effect of GSH on
inflammatory cytokines in MH7A cells may be
associated with the enhanced expression of
PTEN and the reduced expression levels of PI3K
and AKT.
In recent years, there is a growing number
of evidence showing that GSH system and
PTEN/PI3K/AKT regulate each other, and the
processes affect the proliferation and oxidative
stress of tumor cells.24,25 However, it is still not
well established on autoimmune inflammation
in the synovial fibroblasts of RA. The present
study showed that antioxidant GSH could
decrease the levels of IL-6, TNF-a, and IL-1b
and, thus, act as an inflammatory suppressor
by downregulating the ROS secretion and
PTEN/PI3K/AKT
pathway
in
synovial
fibroblasts. Therefore, our data suggest that
GSH may alleviate inflammation in synovial
fibroblasts via reprogramming PTEN associated
pathway, which provides a novel insight for
explaining the anti-inflammatory mechanism for
GSH as a drug against RA in the future.
In conclusion, to the best of our knowledge,
the present in vitro study is the first to
demonstrate the effect of GSH on the
amelioration of the inflammatory response in
MH7A and mouse SFs by targeting ROS. These
findings also demonstrate the suppressive
effect of GSH on the sensitive biomarker of
oxidative stress, PTEN/PI3K/AKT signaling
pathway, which may be regarded as a probable
mechanism of GSH in inhibiting inflammation.
Based on these findings, it can be considered
to help the unmet needs in RA therapeutics
in the future from the perspective of its
antioxidant mechanism.
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