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Summary: Huai Qi Huang (HQH) exerts great effects in clinic, such as anti-inflammation,
immune-regulation, anti-cancer, and so on. However, the mechanism by which HQH protects
juvenile idiopathic arthritis (JIA) is obscure. Thus, we explored deeply the protective mechanisms
in juvenile collagen-induced arthritis (CIA) rat model. Pyroptosis is Gasdermin D (GSDMD)-
dependent programmed cell death, involved in many diseases, such as sepsis. We investigated
whether GSDMD-induced pyroptosis take part in mechanisms of juvenile CIA arthritis. Juvenile
Wistar rats (3—4 weeks) were injected intradermally with fully emulsified bovine type II collagen
and complete Freund’s adjuvant to establish CIA rat models. Later, the CIA rats received oral
administration of HQH (4.16 g/kg) once a day from the day 21 of modeling, with the treatment
lasting for 28 days. Varieties of indicators were measured for evaluation of anti-inflammation effect
of HQH, including hind paw swelling, arthritis scores, micro CT, and histopathological changes and
the level of pro-inflammatory cytokines in the serum, including tumor necrosis factor alpha (TNF-a)
and interleukin-18 (IL-18). The expression of GSDMD and caspase-1 in the joint synovial tissues
was detected. The results demonstrated that the expression of the pyroptotic protein GSDMD and
its upstream caspase-1 was significantly increased in the synovial tissues of CIA rats. The treatment
of HQH ameliorated the symptoms in CIA rats, reduced levels of pro-inflammatory cytokines
and hind paw swelling, down-regulated the expression of GDSMD and caspase-1. GSDMD-
induced pyroptosis participated in the pathogenesis of CIA rats. The study supported that HQH can
effectively improve joints inflammation of juvenile collagen-induced arthritis rats by inhibiting

pyroptosis pathway in the joint synovial tissues.
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Juvenile idiopathic arthritis (JIA) is a chronic,
autoimmune inflammatory arthritis with multi-system
involvement and is the most common pediatric
rheumatic disease causing disability and blindness to
children!!. The pathogenesis of JIA is still unknown,
though infection, immunology and heredity are linked
to JIA pathogenesis. JIA is classified into systemic,
oligo articular, polyarticular, psoriatic, enthesitis-
related arthritis, and undifferentiated arthritis, and this
classification is based on clinical features of arthritis.
The prevalence of JIA range was between 3.8 to 400
cases/100 000 children, and an annual new incidence
case is between 1.6 and 23 cases/100 000 children,
systemic onset JIA (SoJIA) accounts for approximately
30%—40% of all JIA cases in Asia®. Currently, the
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incidence of JIA in the world is increasing, hence
threatening children’s life and health, bringing heavy
mental and financial burden to society and families.
SoJIA is considered as an auto-inflammatory disease
and differs from other JIA type, due to the absence
of specific autoantibodies or susceptibility to major
histocompatibility complex (MHC) alleles, also
because of its clinical presentation including fever and
extra-articular manifestations like erythematous rash,
serositis, hepatosplenomegaly® #l,

Autoinflammatory diseases are a group of
heterogeneous diseases caused by defects in a number
of molecules, such as inflammasomes, proteases,
cytokine receptors or antagonists, and various
enzymes, characterized by recurrent fever, local or
systemic inflammation, and an absence of infectious
agents, detectable autoantibody or antigen-specific
autoactive T cells*®. Canonical inflammasomes are
multi-protein complexes composed of a NOD-like
receptor (NLR)/an AIM-like receptor (ALR), the
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adapter molecule apoptosis-associated speck-like
protein that contains a CARD (ASC), and the effector
protein caspase-1, including NLRP3, NLRPIb,
NLRC4, AIM2"- 8. Caspase-1 is activated by various
activated canonical inflammasomes, which trigger
pyroptosis®!. Gasdermin D (GSDMD) is an executor of
pyroptosis, which is cleaved by activated inflammatory
caspases-1 into Gasdermin N-terminal and Gasdeimin
C-terminal. N-terminal can assemble membrane
pores to induce cytolysis, resulting in programmed
necrosis-cell death, while C-terminal inhibits
pyroptosis through intramolecular association with
the N-terminal domain!'®'¥, Subsequently activated
caspases-1 simultaneously promotes pro-inflammatory
cytokines IL-1p and IL-18 precursors into a mature
form, and a large number of them are released through
the pores formed by GSDMD N-term, resulting in
strong inflammatory reaction. Obvious pyroptosis has
significant difference from necrosis and apoptosist'®.
GSDMD as the crucial executor of pyroptosis plays a
key role in many kinds of diseases, such as infectious
disease, immune disorders, and cancer!'® '8, and is also
involved in neurodegenerative disease, liver disease and
cardiovascular diseases!'*?!\. Despite of the important
functions of GSDMD in immune and inflammatory
diseases, it still remains unknown whether GSDMD-
induced pyroptosis participates in the pathogenesis of
JIA or rheumatoid arthritis (RA).

Huai Qi Huang (HQH) granules with the brand
name Huan Er Jin are composed of ancient Chinese
medicines of Huaier, Chinese wolfberry and polygonatum
sibiricum. Pharmacology shows that Huaier has
functions of anti-inflammatory, regulating the immune
system, anti-allergy, improving microcirculation and
promoting tissue repair. Huaier is a kind of medicinal
fungus which has been used for more than 1600 years. Its
extracts polysaccharide protein have significant effects
on promoting apoptosis of cancer cells, enhancing
chemosensitivity, reversing drug resistance and
enhancing anti-tumor immunity?> 2%, Polysaccharide
protein (PS-T) is the main active ingredient of Huaier
fungi and Huaier extract. Previous studies have
confirmed that Huaier can significantly induce the
production of Thl cytokines such as IFN-a and IFN-y
in human and mouse. Huaier has a synergistic effect
on [FN-a to promote the activity of NK cells, which in
turn secretes cytokines such as IFN-y and IL-2. It also
can activate macrophages to produce IFN-a, IL-1 and
so on. Under the synergistic action of these cytokines,
the cellular immune response is obviously enhanced,
and the anti-tumor and anti-virus effects are exerted.
Different from exogenous cytokines, the Th1 cytokines
such as IFN-a, v, IL-2 induced by huaier are endogenous
and have the features of low dose, multi-stimulation
and combined action. Therefore, they have their own
features compared with other polysaccharide drugs and

are regarded as an ideal immune modulator®*l,

Current treatments of JIA and RA include non-
steroidal anti-inflammatory drugs, disease-modifying
anti-theumatic drugs, and biological agents which put
into use in recent years . Though these drugs can quickly
improve the condition and alleviate symptoms, there
are many adverse reactions of glucocorticoids when
used for a long time, rapid recurrence after stopping
the drug, and side effects of the expensive biological
agents are still unclear. Traditional Chinese medicine
has good tolerance and can reduce recurrence after
long-term maintenance in treatment of JIA or RA. The
anti-inflammatory and anti-arthritic activities of many
Chinese herbs have been validated in experimental
models of arthritis and tested in clinical trials in RA
patients®]. At present, there is no report of HQH
granule in the treatment of immune arthritis, and there
is no basis for direct treatment of arthritis with HQH
granule. Based on the above situation, according to the
features of Huaier and the pathogenesis of JIA, this
study explored the treatment effect of HQH granules on
juvenile collagen-induced arthritis and its underlying
mechanism.

1 MATERIALS AND METHODS

1.1 Chemicals and Reagents

HQH granules were obtained from Qidong
Gaitianli Medicine Co., Ltd. (China). Prednisone
acetate tablets were purchased from Tianjin Lisheng
Pharmaceutical Co., Ltd. (China). Bovine collagen type
II (CI) and Complete Freund’s adjuvant were purchased
from Chondrex, Inc. (USA). The electronic caliper was
purchased from Lujiang Tools Manufacturing Co., Ltd.
(China). The small animal living micro-cCT (SkyScan
1176) instrument was purchased from Bruker (Germany)
and provided by the Public Technology Platform of
Tongji Medical College, Huazhong University of
Science and Technology. The IL-18 enzyme-linked
immunosorbent assay kit (ab213909) was supplied
by Abcam (UK). TNF-o ELISA Kit (ERC102a) is
acquired from Neobioscience Biotechnology Co., Ltd.
(China). Gasdermin-D polyclonal antibody (abs143289)
was purchased from Absin Bioscience Biotechnology
Co., Ltd. (China). Caspase-1 (ab108362) monoclonal
antibody was acquired from Abcam (UK).
1.2 Animals

A total of 50 male Wistar rats (2-3 weeks,
45-60 g) were purchased from Hubei Experimental
Animal Research Center (animal certificate number:
scxk2015-0018), raised in the animal room of Tongji
Medical College. During the experiment, according to
the standard animal experiments protocol, rats were
housed four to five per cage, under specific pathogen-
free (SPF) conditions, at a constant temperature of
22-24°C, humidity 60%—-65%, fed freely with food
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and water at standard laboratory, and kept under a 12
h dark/light cycle. The experiment was started after a
week of adaptive feeding.

1.3 Induction of Juvenile Collagen-Induced Arthritis
(CIA)

Bovine CII (2 mg/mL, dissolved in 0.05 mol/L
glacial acetic acid) and an equal amount of Complete
Freund’s adjuvant (4 mg/mL, heat-killed mycobacterium
tuberculosis dissolved in Eph) mixed into emulsifier,
using ultrasound until the CII/CFA emulsion remained
unscattered on the water. The emulsion cooled at
ice until use. CIA model rats were intracutaneously
injected with 0.25 mL CII/CFA emulsion at 2 cm from
the base of the tail on day 1. On day 7 after the primary
immunization, the rats were boosted with 0.15 mL
CII-CFA emulsion at different sites from the initial
injection on the tail. The control group (C) rats were
injected with the same volume of physiological saline
at the same site of the tails®.

1.4 Drug and Group Intervention

After the initial immunization, the weight and
ankle joint thickness were measured every 3 days, and
the activity and general condition were observed. At
the same time, the arthritis index (Al) was measured on
the model of CIA twice a week. Briefly, the thickness
of two hind paws was measured twice using digital
vernier calipers at the same site of rats by the same
person always, and the average of two values for hind
paws was measured as the paw thickness. The severity
of arthritis in each hind paw was monitored and scored
on a scale of 0-5, where 0: no redness or swelling; 1:
slight swelling in the ankle or redness in the foot; 2:
progressive swelling, inflammation and redness from
the ankle to the midfoot; 3: swelling and inflammation
of the entire foot, not including the toes; 4: swelling
and inflammation of the entire foot, including the toes;
and 5: swelling and inflammation of the entire foot,
with loss of mobility?”l. The total score of the two hind
paws can be up to 10 points. More than 6 points of rats
at 21 days of initial immunization indicate successfully
modeling (modeling success rate: 75%). To explore
the effect of HQH granules and their synergy with
prednisone, we randomly divided rats with Al more
than 6 on the 21st day into 4 groups (n=6 in each
group): CIA model (M) group , prednisone (P) group,
HQH (H) group, prednisone and HQH (HP) group.
According to human and rat drug dose conversion
coefficient of 6.25, each rat in the experimental groups
was intragastrically administered with 4.16 mg/kg
prednisone solution and 4.16 g/kg HQH suspension
solution every day for four weeks, while the rats of
control group were intragastrically administered with
the same amount of normal saline.

1.5 Ankle Joint Micro-CT

After four weeks of intervention, 10% chloral

hydrate (0.4 mL/kg) was injected intraperitoneally.

Then, one of hind limbs was harvested and fixed with
4% paraformaldehyde. Two ankle joints were randomly
taken from each group, and erosion and destruction of
the bone were observed by Small live animal Micro-
CT (resolution: 18 pm).
1.6 Ankle Joint and Knee Join Synovial Tissue
Histological Examinations

One of hind paws of every rat was fixed for 48
h using 4% paraformaldehyde, then decalcified with
10% EDTA decalcifying solution, and decalcifying
liquid was replaced every 3 days for 2 to 3 months
until there was no resistance to acupuncture ankle joint.
Tissues were embedded by paraffin, sectioned (4 um),
stained by hematoxylin-eosin. For semi-quantitative
histological evaluation, the stained tissue sections
were examined by two independent observers blindly
and graded on a scale of 0—4, where 0: no detectable
abnormalities, 1: some inflammatory cell infiltration
in the synovial membrane with no significant fibrosis
or cartilage erosion, 2: joint sections with extensive
inflammatory cell infiltration and thickening of the
synovial membrane, 3: joint sections with severe
lesion, fibrosis and presence of inflammatory cells,
while the most severe lesion with significant fibrosis,
involvement of the articular cartilage, the influx of
inflammatory cells in the joint space and extensive
synovitis was graded as 4(%. Measurements were
carried out using ordinary upright microscope (n=6,
objective lens magnification x40). Three knee joint
synovial tissues randomly from each group were fixed
with 4% paraformaldehyde, and the remaining joints
were preserved at —80°C. After 48 h of fixation, they
were stained with hematoxylin-eosin and synovial
cell proliferation, hypertrophy, inflammatory cell
infiltration and vascular proliferation observed.
1.7 Enzyme-linked Immunosorbent Assay

Blood was collected from the abdominal aorta
and centrifuged at 4000 r/min for 5 min. The serum
was stored at —80°C for cytokine analysis. The
concentrations of IL-18 and TNF-a in the serum were
analyzed according to the procedure of the ELISA kit.
1.8 Immunohistochemistry

The expression of GSDMD in synovial tissue was
assessed by immunohistochemistry. Rat knee synovial
tissues were sectioned (4 pm), embedded by paraffin,
dewaxed, repaired, blocked, and the sections were
incubated with primary antibodies containing GSDMD
(1:500) at 4°C overnight. The secondary antibody
was incubated for 50 min at room temperature. Then,
DAB was used for color development, and the color of
positive cells was brownish yellow. The nuclei were
stained with hematoxylin at room temperature, and its
color was blue. Finally, the acquisition of images was
from an optical microscope. The area ratio of positive
stained areas was analyzed and calculated using
ImagelJ-win64 software. Three images (magnification,
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x40) were randomly selected from every tissue of each
group (n=3), and the results were the average of the
ratio of the positive areas.
1.9 Western Blotting

Synovial tissues frozen at —80°C were lysed
through the grinder and sonication in the ice bath
after adding cell lysis buffer RIPA and enzyme
inhibitor. After centrifugation for 15 min (12 000 1/
min, 4°C), the supernatant was protein solution. The
concentration was measured by BCA Protein Assay kit
(Thermo Fisher Scientific, USA). All protein samples
were adjusted to the same concentration of 2.5 pg/
uL. After adding loading buffer solution, the protein
was fully denatured at 100°C for 5 min. Western
blotting steps are as follows: loading, electrophoresis,
transmembrane, blocking (5% milk), incubating with
primary antibody (5% BSA dilution, antibody dilution
ratio 1:1000) overnight at 4°C, washing membrane
(0.1% TBST), incubating with secondary antibody at
room temperature for 1 h, washing membrane again.
Then color was developed with the ECL detection
system and an image of the immune response strip
acquired. The results were the ratio of gray value of the
target protein to the reference.
1.10 Statistical Analysis

All statistical analyses were performed by SPSS
24.0 software (IBM, USA). Results were expressed as
mean+standard deviation (x£s). One-way analysis of
variance (ANOVA) was used to analyze the difference
among five groups. And P value less than 0.05 was
considered as statistically significant. All the statistical
analysis graphs were performed using graph pad prism

360
300
240

180

Weight (g)

120

60

0 | IR I I I N E— —
0 7 14 21 28 35 42 49 56

Time (day)

Fig. 1 The weight growing of each group

7.0 software (Graph Pad Software, Inc., USA).
2 RESULTS

2.1 General Conditions and Changes

Ulcers and nodules appeared in the injection site
of'tail about 5 days after the initial immunization. Most
of the ulcers were tended to heal about 10 days after the
initial immunization and all the nodules disappeared
about 21 days after the initial immunization. In the
model group, part of the rats’ ulcers (n=2) in the tail root
unhealed and gradually extended (fig. 1C). Compared
with the control group, diet, fur gloss, activity and
resistance in the CIA model group were poor. Weight
was not increased as fast as the control group (P<0.05)
(fig. 1A). Subsequently, claudication and extension
disorder of ankle joints occurred in the CIA model
group about 28 days after the initial immunization.
After the treatment, the general conditions, joint
extension disorder and lameness were generally
relieved in the three treatment groups. The body weight
of the three treatment groups and the model group was
significantly different from that of the control group
(P<0.05). However, there was no significant difference
in the body weight between the three treatment groups
and the model group (P>0.05).

2.2 Swelling Degree and Al of the Hind Limb Joints
(fig. 2)

The ankle joint began to swell on the 12th day, and
gradually extended to the metatarsophalangeal joint,
reaching to a peak around the 18th day. The skin of hind
limbs and toes was swollen and skin temperature of the

A: the initial immunization on the 7th day and the second immunization on the 14th day. In HQH, P and HP groups, the
development and progression of CIA rats were inhibited. B: the typical ulcer of CIA rats on the 14th day and severe ulcer of CIA

rats on the 49th day

CIA: collagen-induced rheumatoid arthritis; C: control group; M: CIA model group; P: prednisone group; H: Huang Qi Huang

group, HP: Huang Qi Huang and prednisone group
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foot pads was elevated. After treatment for 1 week, the
swelling of the joints in the P and the HP groups began
to relieve. In the H group, the joint swelling began to
regress about 2 weeks after the administration. On the
first day of intervention (on the 21st day), there was
no significant difference in Al between the treatment
groups and the model group (P>0.05). After treatment
for 4 weeks, the hind limb swelling and Al in the P
group and the HP group were significantly lower than
those in the M group (P<0.001). The swelling degree of
H group was lower than that of the M group (P<0.05).
2.3 Inflammation Evaluation and Mechanisms
Exploration

2.3.1 Bone Destruction in Rats (fig. 3) Two of
the hind paws of each group were further examined
by small live animal Micro-CT. Images of normal rat
joints showed intact joint structure as well as normal
bone surfaces. In the CIA rat model group, the ankle
joint and metatarsophalangeal joint were obviously
eroded, and the joint space was narrowed and even
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fused. In the three intervention groups, significant
protection against bone destruction and preservation
of the architecture of the affected hind joints appeared.
2.3.2 Evaluation of Inflammation of Ankle Joints
and Synovial Tissue of Knee Joints (fig.4) Sections
of joints and synovial tissues were stained with
hematoxylin and eosin (H&E) for a general histological
evaluation. Representative synovial tissues (fig. 4A)
and ankle joints (fig. 4B) of CIA rats were assessed
by histological examination. The structure of ankle
joints and synovial tissues of normal group was clear
and smooth. However, we could observe intensive
infiltration of inflammatory cells, pannus formation,
a great number of synovial cells and fibrous tissue
proliferation, and severe cartilage and bone destruction
inthe CIA model group. Compared with H and P groups,
HP improved the above conditions more significantly.
In the H, P and HP groups, the histological score of
ankle joints was markedly decreased after four-week
treatment compared to CIA rats (P<0.05) (fig. 4C).
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Fig. 2 The changes of swelling degree of hing paws in each group (swelling degree)
Al of every group on the 21st day (21 d, the first day of intervention) and 49th day (49 d, treatment for four weeks). ***P<0.0001,

"P<0.001, "P<0.05 vs. CIA model group

C: control group; M: CIA model group; P: prednisone group; H: Huang Qi Huang group, HP: Huang Qi Huang and prednisone

group

Fig. 3 Small live animal Micro-CT radiographs of the hind paws from five groups
The radiological changes were observed 28 days after oral treatment. From the images, severe destruction and bone erosion in a
representative arthritic hind paw (M) were observed. Black arrow showed significant destruction of tarsometatarsal joint in CIA
model group. These radiological changes were significantly improved in the H, P and HP groups.
C: control group; M: CIA model group; P: prednisone group; H: Huang Qi Huang group; HP: Huang Qi Huang and prednisone

group
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2.3.3 Pro-inflammatory cytokines in serum (fig. 5)
Serum pro-inflammatory cytokines including IL-
18 and TNF-a in CIA rats were significantly increased
when compared with the normal control group.
Compared with the model group, IL-18 and TNF-a in
the three treatment groups were significantly decreased
(P<0.01).
2.3.4 Expression of GSDMD in Synovial Tissues of
CIA Rats (fig. 6) GSDMD is a crucial executor
of pyroptosis. We meant to explore whether pyroptosis
pathway was involved in the pathogenesis of CIA in
rats and whether HQH might improve the clinical

symptoms by regulating the pyroptosis pathway. Using
immunohistochemistry, we found the expression of
GSDMD markedly increased in inflamed synovial
tissues from CIA rats. Moreover, the expression of
GSDMD was distinctly inhibited by treatment with
HQH. The scores of the three groups were significantly
lower than those of the CIA model group (all P<0.0001).
2.3.5 Expression of Caspase-1 and GSDMD in
Synovial Tissues (fig. 7) To further investigate
whether GSDMD-induced cell death pyroptosis
participates in the pathogenesis of CIA in rats and
if HQH exerts its effects on arthritis through this
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Fig. 4 The representative histological pathology sections changes of synovial
tissues in knee joints (A, x40) and ankle joints (B, x20) and
histopathological scores of ankle joints
A: In CIA model group, the right arrow indicates the thickened synovial
cells, the left arrow indicates the proliferation of small vessels, the upward
arrow indicates the infiltration of inflammatory cells, and the downward
arrow indicates the proliferation of large amounts of fibrous tissue. B: The
oblique arrow shows structural disorders of ankle and foot joints, serious
destruction of articular cartilage and bone tissue, marked thickening of
synovial layer, narrowing or even fusion of articular cavity, and infiltration
of a large number of inflammatory cells. **P<0.001, *"P<0.01, "P<0.05.
C: control group; M: CIA model group; P: prednisone group; H: Huang Qi
Huang group; HP: Huang Qi Huang and prednisone group
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Fig. 5 Serum IL-18 and TNF-a levels in each group (mean+tstandard deviation, x+s, n=6, pg/mL)
The CIA model group was compared with the normal control group (*#P<0.001, #P<0.01). After treatment for four weeks, the
three treatment groups were compared with the CIA model group (*'P<0.01, **P<0.001).
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Fig. 6 Representative immunohistochemistry images (A) and scores of

the expression of Gasdermin-D in the synovial tissues (B)
Immunohistochemical analysis was performed by measuring
the average positive area ratio of Gastermin-D in each synovial
tissue image. Values were presented as mean+SD. The brownish
yellow cells indicated by downward arrow were positive cells
and upward arrow indicated blue stained nuclei. #*P<0.0001 vs.
control; **P<0.0001 vs. CIA. C: control group; M: CIA model
group; P: prednisone group; H: Huang Qi Huang group; HP:
Huang Qi Huang and prednisone group

* 3k *
* 3k 4
G
S
283
32,
z8
:°
0
M H P HP cC M H P HP
Groups Groups

Fig. 7 The expression of GSDMD and caspase-1 in synovial tissue by Western blotting and gray value ratio of GSDMD and caspase-1

to GAPDHexpression in synovial tissue of each group

#P<0.05, "P<0.01 vs. control; "P<0.05, "P<0.01 vs. CIA. C: control group; M: CIA model group; P: prednisone group; H:
Huang Qi Huang group, HP: Huang Qi Huang and prednisone group

mechanism, we examined the expression of GSDMD
and caspase-1 in synovial tissue by Western blotting.
The results showed that the expression levels of
GSDMD and caspase-1 in the CIA model group were
significantly higher than those in the control group.
Moreover, we found that the expression levels of
GSDMD and caspase-1 in the synovial tissues of three
treatment groups were decreased (P<0.05).

3 DISCUSSION

The studies about the role of the immune system
in the pathogenesis of JIA in the past 10 years has been
further developed. Current research on the pathogenesis
of JIA focuses on immune cells and cytokines. IL-18 is
produced primarily by macrophages, and its production
is regarded as the beginning of innate immune system
activation. As a member of the IL-1 superfamily, IL-18

is stored in inflammasomes and is the most effective
cytokine that regulates the activity of natural killer
cells (NK cells)®. The level of IL-18 in serum and
synovial fluid in children with SoJIA was positively
correlated with C-reactive protein, joint involvement,
and IL-6 levels. High levels of serum IL-18 indicate
SolJIA disease activity, and SoJIA is stable with a mild
to moderate increase in IL-18 levels®”. Although IL-18
was elevated in the serum of all children with JIA, the
elevation of IL-18 was more obvious in children with
SoJTIABY. Some studies have found that children with
SoJIA with elevated IL-6 levels may be associated with
more joint involvement, while macrophage activation
syndrome may develop in children with elevated
IL-18B2. TNF-a plays a key role in the immune
pathogenesis and inflammation of JIA and is a key
inflammatory factor in JIA. The increased TNF-a in
serum and synovial fluid promotes systemic and local
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inflammatory responses®*!. TNF-a not only participates
in the synovial inflammatory response, but also induces
joint destruction. Anti-TNF-a biological agents can
not only rapidly reduce inflammation, control the
symptoms of arthritis, effectively alleviate the disease,
but also prevent the destruction of joint structure by
specifically antagonizing TNF-a¥. The cytokines IL-
18 and TNF-a are abnormally elevated during disease
activity in JIA patients®®*. At this experiment, the pro-
inflammatory cytokines IL-18 and TNF-o were also
significantly elevated in the CIA rats.

Pyroptosis is a GSDMD-dependent programmed
cell death mediated by caspase-1, which is activated
by various inflammasome complexes (including
NLRP3, NLRC4, nlrpl, AIM2) in innate immunity,
and subsequently the pro-inflammatory cytokines
IL-1p and IL-18 are activated and released?®*I,
A20myel-KO (myeloid-cell-specific deletion of the
RA-susceptibility gene) mice can trigger a spontaneous
erosive polyarthritis that resembles RA in patients™.
At the first experimental model to study the role of
inflammasomes in RA pathology, the deletion of
NLRP3 and caspase-1 markedly protected against RA-
associated inflammation and cartilage destruction in
A20 myel-KO mice™. In a study of analyzing gene
expression of NLRP3 inflammasome components
in RA patients treated with infliximab (anti-TNF-o
monoclonal  antibody), NLRP3 inflammasome
components (including ASC, full-length NLRP3, short-
length NLRP3 and caspase-1) were significantly higher
in RA patients than in controls, and single nucleotide
polymorphisms (SNPs) at the NLRP3 were associated
with RA susceptibility and anti-TNF therapy™! *?. In
this experiment, arthritis was induced in juvenile Wistar
rats (3—4 weeks old) by immunogenic bovine type II
collagen and complete emulsifier of Freund’s adjuvant.
In the juvenile rats, autoimmune reaction to collagen
induced secondary hind limb arthritis with systemic
inflammatory response. Moreover, the expression
levels of GSDMD and caspase-1 were significantly
increased in synovial tissue of CIA rats.

The main active ingredients of the traditional
Chinese medicine HQH granules are polysaccharide
protein extracted by hot water from fungi of Huaier
and Chinese wolfberry. Huaier is a binding protein
composed of 6 monosaccharides and 18 amino acids
which have the functions of enhancing immunity, anti-
oxidation and anti-tumor??. At present, the Huaier
extract and its compound HQH granules have attracted
great attention and increased its use in the field of anti-
tumor and regulating immune function in Chinal?* #3461,
Inrecentyears, it has been found that HQH granules also
protect podocytes, reduce the level of protein in urine,
and contribute to the recovery of glomerular function
in kidney diseases™ . In this study, after four weeks
treatment with Chinese traditional medicine HQH and

prednisone, the arthritis scores, the average degree of
swelling of hind limbs, the micro-CT of hind limbs
and the synovial and ankle joint HE staining indicated
that they significantly relieved the joint swelling and
inflammatory reaction, markedly alleviated the bone
destruction and erosion of articular cartilage and bone
tissue, and reduced the inflammatory cell infiltration of
synovial tissue and inhibited proliferation of synovial
cells, and hyperplasia of fibrous tissue and blood vessel.
The results showed that HQH granules reduced joint
and synovial tissue inflammation action. What’s more,
the expression of GSDMD and caspase-1 in synovial
tissue and pro-inflammatory cytokine IL-18 and TNF-a
also markedly decreased through the treatment.

We conjectured that it can reduce the expression
of GSDMD and caspase-1 in the synovial tissues
and the levels of IL-18 and TNF-a in serum to exert
anti-inflammatory effects. Also combination of HQH
with prednisone had synergic effect by markedly
reducing inflammation. This ultimately may provide
an alternative intervention approach for some diseases
involving GSDMD-induced pyroptosis, such as
infectious diseases, and sepsist®”.

In conclusion, we found that GSDMD-induced
pyroptosis participates in collagen-induced arthritis in
rats and inferred that HQH can ameliorate collagen-
induced RA in rats, which might be partially attributed
to inhibiting the activation of the GSDMD-induced
pyroptosis pathway. The study is useful because it may
play a role in developing novel therapeutic strategies
for JIA and RA.
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