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Background: To investigate the effect and mechanism of Celastrol on the formation of neutrophil 
extracellular traps (NETs), and to provide a theoretical basis for the clinical application of Tripterygium 
wilfordii. 
Methods: First, we isolated neutrophils from the peripheral blood of healthy volunteers, and then observed 
the effect of Celastrol on Phorbol Myristate Acetate (PMA)-induced neutrophil release of NETs. The level 
of NETs was detected by using the membrane-impermeable nucleic acid dye, SytoxGreens. In addition, 
the levels of reactive oxygen species (ROS) were also examined to determine whether Celastrol affects ROS 
production during PMA-induced NETs. 
Results: Celastrol produced significant cytotoxicity at a concentration of 5 μM (213.2±75.07), and the 
effect of stimulant PMA (25 nM) treatment was not statistically different (197.3±25.15) (P=0.9167). Celastrol 
(1.25, 0.625, and 0.3125 μM) did not exhibit cytotoxicity when treating neutrophils. Compared with the 
PMA (25 nM) + Celastrol (1.25, 0.625, and 0.3125 μM) group and the PMA (25 nM) monotherapy group, 
SytoxGreen showed a statistically significant reduction in fluorescence at 528 μM under 485 μM light 
excitation. Also, under the co-localization marker of Hochest and SytoxGreen double staining, we observed 
that the release of NETs in the PMA-treated group was higher than that in the control group. The PMA-
induced neutrophil release of NETs was markedly reduced compared to the PMA-treated group. The NET 
release was substantially decreased under double staining with the Hochest and SytoxGreen co-localization 
markers. The fluorescence intensity of the Celastrol plus PMA group was significantly lower than that of 
the PMA treatment group alone, indicating a decrease in the level of intracellular ROS. Interestingly, the 
level of ROS in the treatment group who received Celastrol alone was lower than that in the control group, 
indicating that Tripterygium wilfordii could inhibit the spontaneous production of ROS by neutrophils in 
the absence of stimulation. 
Conclusions: The molecular mechanism of Celastrol involves inhibition of PMA-stimulated neutrophil 
NETs formation in vitro, which is possibly related to the reduction of ROS levels. This indicates that 
Celastrol, the main component in Tripterygium wilfordii, can inhibit the formation of NETs, which provides 
a theoretical basis for the study of NETs-related diseases.
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Introduction

Tripterygium wilfordii is a traditional medicine with anti-
inflammatory effects that has been widely used as a Chinese 
herbal medicine for a long time. In recent years, in-depth 
research on Tripterygium wilfordii has demonstrated 
its immunosuppressive (1), anti-inflammatory, anti-
tumor (2), and anti-autophagy (3) effects. At present, 
Tripterygium wilfordii is widely used in the treatment of 
rheumatoid arthritis, systemic lupus erythematosus, and 
other rheumatoid immune diseases; however, its specific 
mechanism remains unclear. Although Tripterygium 
wilfordii has been applied in a variety of pharmaceutical 
preparations and clinical settings, it has exhibited a certain 
toxic effect in clinical applications. Animal experiments 
have demonstrated that large doses of Tripterygium 
wilfordii can cause damage to multiple organs, such as the 
liver and kidney (4). At the same time, as a Chinese patent 
medicine, the specific mechanism of action of Tripterygium 
wilfordii remains unknown, which has led to apprehension 
among many clinicians due to its side effects and restricted 
its clinical promotion. Therefore, identifying the active 
ingredients in Tripterygium wilfordii and exploring its 
specific and effective mechanism to reduce its toxic side 
effects are important directions of current research. 
Previous studies on the efficacy of Tripterygium wilfordii 
have focused on macrophages, fibroblast synovial cells  
(5-7), and other cells; however, the effects of Tripterygium 
wilfordii on neutrophils have rarely been studied.

A special mechanism of neutrophil death, known as 
NETosis, was discovered in 2004; when neutrophils die, 
they release their chromatin components to form a network 
structure [known as neutrophil extracellular traps (NETs)] 
to fix and inhibit the spread of bacteria, thereby promoting 
bacterial death (8). These mechanisms play an important 

role in the immune protection, inflammatory and cancer. In 
immune protection, neutrophils release NETs selectively 
in response to large pathogens (9). NETs itself also contain 
several antimicrobial agents which could kill bacteria (8). 
In inflammatory, NETs can both promote and reduce it. In 
NETs formation neutrophils formed aggregates and both 
released and degraded cytokines (10). In cancer, NETs 
are present in tumor microenvironment and fuel cancer 
progression and indicate poor prognosis (11).

However, increasing evidence has shown that the NETs 
produced by neutrophils are a double-edged sword. If 
the generated NETs are not promptly removed, they can 
cause damage to the body from various aspects. The direct 
damage caused by the NETs is mainly caused by the release 
of histones and deoxyribonucleic acid (DNA) outside the 
cell. The antibacterial and bactericidal effects of histones 
were discovered as early as 1958 (12), and they are also an 
important component of NETs. At the same time, histones 
also have a direct killing effect on normal tissues and organs 
of the body, including by directly killing cells, activating 
inflammation, activating platelets, protecting extracellular 
DNA components, as well as various unique roles in 
different diseases (13). All of these functions make histones 
an important cause of disease caused by NETs. 

Another important component of the NETs network is 
the chromatin component DNA of neutrophils. Extracellular 
DNA is a substance with strong immunogenicity that 
can bind to receptors to activate inflammatory signals, 
produce inflammatory factors, or induce cell death. In 
a variety of autoimmune diseases such as systemic lupus  
e ry thematosu s  ( 14 ) ,  rheumato id  a r th r i t i s  ( 15 ) ,  
vasculitis (16), the level of neutrophil ROS is significantly 
increased (17), leading to NETs produced in large quantities, 
which results in the release of excessive inflammatory factors 
and aggravating the inflammatory response (18). NETs have 
also been found to be a source of various autoantibodies 
and are the initiating factors leading to the development of 
rheumatoid arthritis and systemic lupus erythematosus.

Celastrol, a triterpenoid compound extracted from 
Tripterygium wilfordii, is considered to be one of its main 
active components. Although Tripterygium wilfordii does 
not officially possess a clinical drug application, it has been 
the subject of numerous clinical studies. A study in 2015 
elaborated on its artificial synthesis pathway (19). As an 
effective ingredient of medicine, Celastrol is easy to extract 
and has a synthetic basis for medicine production. A previous 
study of its drug effects found that Tripterygium wilfordii 
exerts unique effects in tumors (20), metabolic diseases (21), 
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neurodegenerative diseases (22), and inflammation inhibition.
In addition to inhibiting angiogenesis, preventing 

the blood supply and metastasis of tumor cells (23), 
and increasing the sensitivity of tumor cells to DNA 
damage (24), Celastrol is also able to induce tumor cell 
apoptosis, which promotes the death of tumor cells (25). In 
neurodegenerative diseases with neuronal damage as the 
main manifestation, triptolide plays a role in protecting 
nerve cells. On the one hand, Tripterygium wilfordii 
directly inhibits neurodegenerative diseases, such as 
Alzheimer’s disease or Parkinson’s disease, by reducing 
β-amyloid and α-synuclein (26,27). At the same time, it also 
reduces the levels of ROS and promotes the production 
of apoptosis-related cytokines to indirectly protect nerve 
cells (27). As for inflammation, Tripterygium wilfordii has 
also been found to inhibit the production of inflammatory 
factors (28), prevent the migration of inflammatory cells, 
and reduce the swelling of inflammatory joints (29). 
Thus, it exerts a certain therapeutic effect on a variety of 
autoimmune diseases and has been confirmed in animal 
models of Crohn’s disease (28), rheumatoid arthritis (29), 
systemic lupus erythematosus (30), and other diseases. 
Similarly, in the process of inhibiting inflammation, studies 
have found that Tripterygium wilfordii can protect cells. For 
example, research on necrotizing colitis has demonstrated 
that triptolide inhibits the Receptor-interacting protein 
kinase 3-mixed lineage kinase domain-like protein (RIPK3-
MLKL) pathway to prevent cell death due to necroptosis 
(programmed necrosis) (31), thereby reducing the impact of 
inflammation.

The mode of neutrophil  death release NETs is 
related to a variety of autoimmune diseases. Moreover, 
Tripterygium wilfordii is also a therapeutic drug for several 
autoimmune diseases, and it is closely related to cell death 
and intracellular ROS levels. Therefore, we speculate that 
Celastrol can also protect cell viability during the NETs 
process and treat related autoimmune diseases. Therefore, 
this study aims to investigate whether Tripterygium 
wilfordii can inhibit the production of NETs by exerting 
an anti-inflammatory and immunosuppressive mechanism, 
and provide a theoretical basis for the further development 
and utilization of Tripterygium wilfordii. We present the 
following article in accordance with the MDAR reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-5720/rc).

Methods

Drugs and reagents

The following drugs and reagents were used in this study: 
Celastrol (Dalian Meilun Biological Biotechnology Co., 
Ltd., China); human neutrophil isolation solution (Tianjin 
Haoyang Biological Products Technology Co., Ltd., China); 
PMA (Sigma, Germany); 2',7'-Dichlorofluorescin diacetate 
(DCFH-DA) (Shanghai Biyuntian Biotechnology Co., Ltd., 
China); Hochest (Shanghai Biyuntian Biotechnology Co., 
Ltd., China); SytoxGreen (Thermo Fisher Technology, 
China); phosphate buffer (Hyclon, USA); and Roswell 
Park Memorial Institute (RPMI)-1640 medium (Hyclon 
Company, USA).

Instruments and consumables

The following instruments and consumables were 
used in this study: ultra-clean workbench (Suzhou 
Purification Equipment Co., Ltd., China); SpectraMax 
M5 multifunctional microplate reader (Molecular Devices, 
USA); desktop high-speed refrigerated centrifuge (Beckman, 
USA); inverted fluorescence microscope (Olympus, Japan); 
inverted optical microscope (Olympus); FACSVerse™ 
flow cytometer (BD Biosciences, USA); Midea refrigerator 
(Midea Group Co., Ltd., China); disposable human venous 
blood sample collection container (Jiangsu Kangjie Medical 
Instrument Co., Ltd., China); disposable venous blood 
sample collection needle (Shandong Chengwu Medical 
Products Factory, China); sterile rubber gloves (Liaoning 
Weihua Pharmaceutical Co., Ltd., China); iodophor 
disinfectant (Liaoning Weihua Pharmaceutical Co., 
Ltd.); pipette (Eppendorf, Germany); 15 mL centrifuge 
tube (Corning, USA); cell counting plate (Jiangsu Shitai 
Laboratory Equipment Co., Ltd., China); coverslips 
(Shanghai No.1 Biochemical Pharmaceutical Co., Ltd., 
China); and 96-well plates (Corning, USA).

Experimental method

Human peripheral blood neutrophil isolation method 
All patients who participated in this study signed an 
informed consent form, and this study was approved by 
the Ethics Committee of The Third Affiliated Hospital of 
Southern Medical University (No. 2022-Lunshen-005), 
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and was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). 

After preparing the disposable venous blood sample 
collection needles, rubber gloves, disinfectant, and other 
blood collection equipment, we selected the more vigorous 
vein in the upper arm of the volunteer and disinfected the 
blood collection point and its surroundings. The blood 
was collected in a relatively sterile environment with a 
lancet into a blood sample collection container containing 
anticoagulant components, and 10 mL of venous peripheral 
blood was drawn from each healthy volunteer. The blood 
collection process was completed with the assistance 
of nurses from the Department of Rheumatology and 
Immunology at the Third Affiliated Hospital of Southern 
Medical University. 

Next, we sterilized the blood collection tube and moved 
it under the ultra-clean table, and added it to a pre-prepared 
15 mL centrifuge tube containing a neutrophil separation 
liquid. We added the blood to the neutrophil separation 
liquid slowly to stratify them as much as possible. Following 
centrifugation (500 g for 35 minutes at room temperature), 
two layers of ring-shaped white cell bands were visible 
to the naked eye. After extracting the neutrophils in the 
lower layer, the RPMI-1640 culture medium was used to 
wash off the excess neutrophil separation solution, and the 
supernatant was discarded. We then added the RPMI-1640 
culture medium to resuspend the cells, added an appropriate 
amount of red blood cell lysate, and it let stand for  
10 minutes at 4 degrees. We then observed the cell pellet 
after 1,000 revolutions and centrifugation for 5 minutes. If 
the red blood cells did not appear red, they were considered 
fully lysed; otherwise, an appropriate amount of red blood 
cell lysate was added and lysed again until the red blood 
cells were not visible to the naked eye in the cell pellet after 
centrifugation. We subsequently discarded the supernatant 
and washed the cells using the RPMI-1640 culture medium. 

Next, we added 1 mL of RPMI-1640 culture medium 
to resuspend the cells and used a pipette to take 10 μL of 
the cell suspension and place it in the space between the 
cell counting plate and the cover glass. We then counted 
the number of cells in the four large squares on one side 
of the cytometer under an optical microscope [neutrophil 
count = (total number of cells in the four large squares/4) 
× 104 × dilution factor]. Subsequently, the RPMI-1640 
culture medium was used to dilute the cells according to the 
experimental requirements and then set them aside.

Quantitative detection of NETs
The isolated neutrophils were added into 96-well plates 
(at 100,000 cells/well in equal amounts) and divided into 
a Control group, a phorbol ester (PMA) group, a PMA + 
Celastrol (PMA + cel) group, and a Celastrol (cel) group. 
The corresponding concentration of Celastrol was added 
in the cel and PMA + cel groups. After 30 minutes of 
incubation in the cell incubator, PMA (25 nM) was added to 
the PMA and PMA + cel groups. After a further 3 hours of 
incubation in the cell incubator, 5 μM SytoxGreen solution 
was added under “light-off” conditions, and the cells were 
then placed in the cell incubator and incubated for another 
10 minutes. Subsequently, the fluorescence intensity of 
SytoxGreen was detected at 528 μM using a microplate 
reader under 485 μM light excitation.

NETs immunofluorescence staining
After grouping the separated neutrophils according to 1.5.2, 
they were placed in a 37 ℃, 5% CO2 cell incubator. In the 
cel and PMA + cel groups, the corresponding concentration 
of Celastrol was added. After 30 minutes of incubation in 
the cell incubator, PMA (25 nM) was added to the PMA 
and PMA + cel groups, and the cells were incubated for 
another 3 hours. After adding Hochest and SytoxGreen in 
a dark environment, we observe the cell conditions under a 
fluorescent microscope and selected representative images.

Neutrophil ROS detection
The corresponding concentration of Celastrol was added 
in the cel and PMA + cel groups. After 30 minutes of 
incubation in the cell incubator, PMA (25 nM) was added 
to the PMA and PMA + cel groups. After incubating in the 
cell incubator for a further 30 minutes, 10 μM DCFH-DA 
was added under dark conditions and mixed well, and then 
incubated in the cell incubator for another 30 minutes in 
the dark. After centrifugation at low speed, the supernatant 
was removed, washed with phosphate buffered saline (PBS), 
and centrifuged again, and the flow cytometer and multi-
function microplate reader were excited by 485 μM of light. 
DCFH luminescence was observed at 528 μM to detect the 
ROS level.

Statistical methods

Data in all graphs were presented as the mean ± standard 
deviation (x±s) and conformed to a normal distribution. 
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SPSS 21.0 statistical software (International Business 
Machines Corporation, USA) was used for data analysis, 
and GraphPad Prism 5.0 (GraphPad Software, USA) 
analytics and graphics software was used for graphing. One-
way analysis of variance (ANOVA) was used to compare the 
means between groups. P<0.05 was considered statistically 
significant.

Results

Celastrol inhibits the formation of NETs

To determine the optimal non-toxic concentration of 
Celastrol for neutrophils, we first used a concentration of  
5 μM to conduct the experiments. Neutrophils from healthy 
volunteers were separated and treated with triptolide and 
then with 25 nM of PMA for 3 hours to induce NETs in the 
cells. The fluorescence intensity of SytoxGreen (Figure 1), as 
detected by a multifunctional microplate reader, indirectly 
reflected the concentration of NETs. The results showed 
that Celastrol produced significant cytotoxicity (average 
fluorescence intensity 213.2±75.07) at a concentration of  
5 μM. No statistical difference was observed in the 
treatment effect of the stimulant PMA (25 nM) (average 
fluorescence intensity: 197.3±25.15) (P=0.9167), indicating 

that neutrophils are more sensitive to triptorubin. Thus, 
we used lower concentrations of Celastrol (1.25, 0.625, 
and 0.3125 μM) for the experiment. The results showed 
that none of the Celastrol concentrations (1.25, 0.625, and 
0.3125 μM) showed cytotoxicity when treating neutrophils. 
Compared with the PMA (25 nM) + Celastrol (1.25, 0.625, 
and 0.3125 μM) group and the PMA (25 nM) alone group, 
SytoxGreen showed a statistically significant reduction 
in fluorescence at 528 μM under 485 μM light excitation, 
suggesting that Celastrol can inhibit PMA-induced 
neutrophils to release NETs.

To further determine the effect of Celastrol on PMA-
induced neutrophil release of NETs, we used a fluorescence 
microscope to observe the morphological changes of 
neutrophils. After applying Hochest to label the nuclei of 
living cells and SytoxGreen to label the extracellular nucleic 
acids, the results showed that the release of NETs in the 
PMA-treated group (under the double-stained Hochest 
and SytoxGreen co-localization labeling) was higher than 
that in the control group. The subsequent release of NETs 
from neutrophils induced by PMA was markedly reduced 
compared with the PMA treatment group. The release 
of NETs distinguished under the double staining of the 
Hochest and SytoxGreen co-localization markers was also 
notably decreased (Figure 2).
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Figure 1 Celastrol inhibits the formation of NETs in neutrophils. Neutrophils from healthy volunteers were isolated from the peripheral 
blood. After 30 minutes of pre-incubation with Celastrol, PMA was added and incubated for 3 hours. Quantitative detection of the NETs 
was performed using a microplate reader. Compared with the control group, ΔΔΔ, P<0.001, ns, the difference is not significant; compared with 
the PMA group, ***, P<0.001. AU, absorbance unit; CTR, control group; cel, celastrol; PMA, phorbol myristate acetate; NETs, neutrophil 
extracellular traps.
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Celastrol inhibits the PMA-induced increase of ROS levels 
in neutrophils

The experimental results in 2.1 showed that Celastrol had 
an inhibitory effect on the release of NETs from neutrophils 
stimulated by PMA, and the increased intracellular ROS 
level was the promoting factor for the production of NETs. 
To explore the effect of Celastrol on the intracellular ROS 
level during the inhibition of NETs formation, we chose 
the intermediate concentration (0.625 μM). Neutrophils 
from healthy volunteers were isolated and extracted. After 
pretreatment with Celastrol, PMA was added to induce 
neutrophils to produce NETs. After 1 hour, the ROS in the 
cells were labeled with a DCFH-DA fluorescent dye, and 
the fluorescence intensity of DCFH was then detected by 

a multi-functional microplate reader and flow cytometer 
(Table 1, Figures 3,4). The microplate reader quantitative 
detection results showed that the fluorescence intensity of 
the PMA + cel group was significantly lower than that of the 
PMA alone group, indicating that the level of intracellular 
ROS was decreased. Interestingly, the treatment group 
using that received Celastrol alone had lower ROS levels 
than those in the control group, indicating that Celastrol 
can inhibit ROS spontaneously produced by neutrophils 
without stimulation.

The flow cytometry results showed that the average 
fluorescence intensity of the PMA + cel group was lower 
than that of the PMA alone treatment group. Similarly, 
the average fluorescence of cells in the Celastrol alone 
treatment group decreased compared with the control 

CTR PMA

PMA + cel (0.3125 μM) PMA + cel (0.625 μM) PMA + cel (1.25 μM)

Figure 2 Celastrol inhibits the release of NETs in neutrophils. Neutrophils from healthy volunteers were isolated from the peripheral 
blood. After 30 minutes of pre-incubation with Celastrol, PMA was added and incubated for 3 hours. Hochest was used to label the nucleus 
of living cells and SytoxGreen was applied to label extracellular nucleic acids. We selected representative images under a fluorescent 
microscope (100×). Note: the scale in the figure is 100 μM. CTR, control group; PMA, phorbol myristate acetate; cel, Celastrol; NETs, 
neutrophil extracellular traps.

Table 1 Effects of Celastrol on the ROS levels of neutrophils

Group Control group Cel (0.625 μM) PMA PMA + cel (0.625 μM)

ROS level (RFU) 188.0±63.56 65.67±3.78ΔΔ 502.7±74.74ΔΔΔ 326.0±40.63ΔΔ***

Note: Data are presented as mean ± standard deviation. Compared with the control group, ΔΔΔ, P<0.001, ΔΔ, P<0.01; compared with PMA 
group, ***, P<0.001. ROS, reactive oxygen species; Cel, Celastrol; PMA, Phorbol Myristate Acetate; RFU, relative fluorescence unit.



Annals of Translational Medicine, Vol 11, No 1 January 2023 Page 7 of 11

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2023;11(1):16 | https://dx.doi.org/10.21037/atm-22-5720

group. This is suggested that Celastrol can produce ROS in 
PMA-stimulated and untreated cells, both of which exert a 
certain inhibitory effect.

Discussion

In traditional medicine, Tripterygium wilfordii has been 
used for the treatment of various rheumatoid diseases, such 
as rheumatoid arthritis, Behcet’s disease, systemic lupus 
erythematosus, and other diseases. Increasing evidence in 
the literature demonstrates that Tripterygium wilfordii 
exhibits an autoimmune arthritis treatment effect in animal 
experiments (32), and can also treat rheumatoid arthritis in 
clinical practice. However, its mechanism of action it works 
is poorly understood, and the specific molecular mechanism 
is unknown.

Trying to explain the various effects of Tripterygium 
wilfordii on autoimmune diseases and work out therapeutic 
drugs for clinical use. Celastrol was found as the active 
ingredient of Tripterygium wilfordii. With increased 

research, Tripterygium wilfordii lived up to its expectations 
and was found to play an important role in a variety of 
functions, including anti-inflammation, regulation of cell 
death, and the release of inflammation-related factors.

As a unique substance released by neutrophils, NETs 
have a potent immunogenic DNA component and other 
cellular components, such as histones and cellular granules, 
that are subsequently released (33). DNA binds to DNA 
receptors such as cyclic GMP-AMP synthase (cGAS) (34) 
and toll-like receptor 9 (TLR9) both inside and outside cells 
to activate inflammatory signals to produce inflammatory 
factors. In sexually-transmitted diseases (35,36), histones 
play a direct role in various pathogenic processes, including 
killing cells, activating inflammation, activating platelets, 
and protecting extracellular DNA components (3), 
especially in rheumatoid arthritis. Anti-citrullinated protein 
autoantibodies (ACPAs), which are closely related to 
NETs in clinical and research studies, are considered to be 
important signs of rheumatoid arthritis (37). This coincides 
with the application of Tripterygium wilfordii in traditional 
medicine, and therefore, there is likely a link between 
Tripterygium wilfordii and NETs.

In the present study, we first clarified that Celastrol 
can significantly inhibit the production of NETs. The 
results showed that the high, medium, and low Celastrol 
dose groups could significantly inhibit the production of 
NETs. The immunofluorescence results also demonstrated 
that after using Celastrol, the NETs produced by PMA 
stimulation of neutrophils were markedly reduced. 
Tripterygium wilfordii has different effects on cell death 
in different diseases. Reports in the literature show that 
for tumor cells, Tripterygium wilfordii can also increase 
by inhibiting the nuclear factor kappa-B (NF-κB) pathway. 
The sensitivity of tumor cells to tumor necrosis factor-α 
(TNF-α) promotes cell apoptosis (38); however, in 
various neurodegenerative diseases, heat shock protein 70 
production promoted by triptolide achieves the effect of 
protecting cells (26). Our experiment confirmed that for 
NETs that are closely related to infection and inflammation, 
Celastrol also protects neutrophils and prevents cell death. 
This will, in turn, prevent the release of large numbers of 
inflammatory factors produced by the death of neutrophils 
and the exposure of autoantigens carried by neutrophils and 
provides a new explanation of the mechanism of action of 
Celastrol in the treatment of various autoimmune diseases. 

At present, the specific molecular mechanism of 
NETs formation is not completely clear. However, the 
current research suggests that ROS produced by reduced 
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Figure 3 Quantitative detection of the effect of Celastrol on 
neutrophil ROS by a multifunctional microplate reader. The 
ROS levels of healthy neutrophils treated with Celastrol for 30 
minutes and PMA for 3 hours were measured by adding 10 μM 
DCFH-DA. Compared with the control group, ΔΔΔ, P<0.001, 
ΔΔ, P<0.01, compared with PMA group, ***, P<0.001. ROS, 
reactive oxygen species; RFU, relative fluorescence unit; DCFH-
DA, 2',7'-Dichlorofluorescin diacetate. CTR, control group;  
cel, Celastrol; PMA, phorbol myristate acetate.
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nicotinamide adenine dinucleotide phosphate (NADPH) 
oxidase is a key factor leading to the rupture of the nuclear 
membrane and the neutrophil granule membrane, which 
will eventually lead to cell membrane rupture and NETs 
release (39). Therefore, the importance of ROS generation 
in the formation and release of NETs is self-evident. 
Tripterygium wilfordii has been shown to exert a certain 
inhibitory effect on nerve cell ROS in the treatment of 
neurodegenerative diseases (27). This effect may be produced 
by promoting nerve cells to clear senescent mitochondria 
through autophagy (40).

Celastrol have already find inhibits inflammatory stimuli-
induced NETs (41). But different from classic NETs 
stimulant——PMA, inflammatory stimuli may from NETs 
in different mechanism.

In the subsequent experiment, we determined the effect 
of Celastrol on the ROS of neutrophils. The results showed 
that at a concentration of 0.625 μM, Celastrol down-
regulated the intracellular ROS level of neutrophils, which 
may explain the decrease in NETs formation. At the same 
time, we also found that Celastrol at the same concentration 
also inhibited the spontaneous increase in the ROS levels 
of neutrophils, suggesting that Celastrol may have a certain 
cytoprotective effect, as elevated ROS levels can activate 
calcium ion transcription. The signal transduction pathway 
of neutrophils is an important molecule in the formation of 
NETs, and thus, we have reason to think that the inhibition 
of NETs production by Celastrol is related to its inhibition 
of intracellular ROS levels. In summary, our experimental 
results provide a certain theoretical basis for Celastrol 
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Figure 4 Flow cytometry detection of the effect of Celastrol on neutrophil ROS levels. The ROS levels of healthy neutrophils treated with 
Celastrol for 30 minutes and PMA for 3 hours were measured by adding 10 μM DCFH-DA. ROS, reactive oxygen species; CTR, control 
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inhibition of NETs production by neutrophils and provide 
a theory on the molecular mechanism of Tripterygium 
wilfordii on neutrophils to guide future research. 

Conclusions

Previous studies have demonstrated the close relationship 
between NETs and inflammation (42). The formation of 
NETs can induce a series of diseases, including rheumatoid 
diseases (43), asthma (44), and thrombosis (45). In 
general, our experimental results confirmed that the main 
active ingredient of Tripterygium wilfordii inhibits the 
formation of NETs by down-regulating the levels of ROS 
in neutrophils. This explains the action of Tripterygium 
wilfordii in the traditional medical treatment of rheumatic 
immune diseases, and also provides some guidance for the 
clinical treatment of NETs-related diseases by Tripterygium 
wilfordii in the future.
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