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Abstract

Background and objectives: Tabersonine (Tab), an indole alkaloid, is a traditional Chinese medicine that can be 
used as an anti-inflammatory agent and is mainly isolated from the medicinal plant Catharanthus roseus.

Methods: To develop safer and more promising new treatments for arthritis, we tested the biological activity of 
Tab against rheumatoid arthritis fibroblast-like synoviocytes (RA -FLS) and evaluated its effect on the progression 
of rheumatoid arthritis through animal experiments. The mechanism of Tab in rheumatoid arthritis (RA) was fur-
ther clarified by network prediction and a series of molecular biology experiments.

Results: The results showed that Tab inhibited the proliferation, migration, invasion and other biological func-
tions of RA-FLS, effectively reducing the expression of inflammatory factors in RA-FLS and the number of vascular 
loops in 1730 cells in vitro. In vivo, Tab significantly reduced paw and joint swelling and inhibited inflammatory 
cytokine expression in collagen-induced arthritis model mice. Preliminary mechanistic studies showed that Tab 
inhibited the expression and activation of key molecules in the PI3K pathway, suggesting that Tab influences the 

progression of RA disease by inhibiting the PI3K-Akt 
signaling pathway.

Conclusions: In general, Tabersonine can be used as a 
new potential treatment for RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease that 
is characterized by synovial hyperplasia, high levels of T cells, B 
cells, and monocytes, and the subsequent destruction of articular 
cartilage.1 The pannus tissue formed by the lining of a synovial 
membrane is enriched with fibroblast-like synoviocytes (FLSs), 
which can secrete large amounts of proinflammatory cytokines to 
cause local and systemic inflammation.2

Disease-modifying anti-rheumatic drugs (DMARDs), one of 
the main treatment drugs for rheumatoid arthritis at present, can 
be divided into conventional synthetic DMARDs (csDMARDs), 

http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.14218/JERP.2022.00013
https://crossmark.crossref.org/dialog/?doi=10.14218/JERP.2022.00013&domain=pdf&date_stamp=2022-04-28
https://orcid.org/0000-0003-0227-9757
https://orcid.org/0000-0003-0227-9757
https://orcid.org/0000-0003-0227-9757
mailto:sams_h2016@163.com


DOI: 10.14218/JERP.2022.00013  |  Volume 7 Issue 3, September 2022126

Zhang R.J. et al: Anti-inflammatory effects of Tab in RAJ Explor Res Pharmacol

biological agents DMARDs (bDMARDs), and targeted synthetic 
DMARDs (tsDMARDs). However, clinical studies have shown 
that almost 30% of patients have adverse reactions or poor re-
sponses to csDMARDs and bDMARDs. Therefore, identifying a 
novel method to inactivate the pathological activity of FLSs in RA 
may provide novel treatment strategies.3

Previous studies have identified lots of inflammatory sign-
aling pathways, including PI3K-AKT in RA, and inhibition of 
these pathways has been confirmed to effectively improve the 
symptoms of RA.4 Bartok et al. reported that PI3Kδ was highly 
expressed in RA-FLS. Except for phosphatidylinositol-4,5-bis-
phosphate 3-kinase gama (PI3Kγ), PI3K alpha (PI3Kα) and PI3K 
beta (PI3Kβ) were also expressed in RA-FLS.5 Human interleukin 
1beta (IL1β) and tumor necrosis factor-alpha (TNF-α) selectively 
induced PI3Kδ expression, while platelet-derived growth factor 
(PDGF) and transforming growth factor-beta (TGF-β) did not.6 
Dactolisib (Dac) is a dual ATP-competitive PI3K inhibitor that 
inhibits P110 α/γ/δ/β. PI3K is an intracellular phosphatidylinosi-
tol kinase with serine/threonine kinase activity.7 Activated PI3K 
converts PIP2 to phosphatidylinositol 3,4,5-trisphosphate (PIP3), 
the latter of which acts as an anchor to promote pyruvate dehy-
drogenase kinase 1 (PDK1) phosphorylation and protein kinase 
B (AKT) activation.8 AKT is the main downstream effector of 
PI3K, and the activation of AKT further induces the NF-κB or 
mTOR signaling pathways, which are closely related to inflam-
mation.9 In addition to the pro-inflammatory role of PI3K-AKT 
in RA, it also serves as the target to validate the therapeutic ef-
fects of promising treatment drugs in RA.

The Tab is an indole alkaloid mainly isolated from the medici-
nal plant Catharanthus roseus.10 Previous studies have shown that 
Tab can inactivate the NF-κB signaling pathway and inhibit the 
production of proinflammatory mediators. However, its exact role 
in RA remains unclear. In this study, we evaluated whether Tab 
can protect against RA progression by inhibiting the pathogenic 
behavior of RA-FLS.

Materials and methods

Network pharmacology

The ingredients were input into the PubChem database to search 
chemical structure formula, Smiles files, molecular weight, 
PubChem CID, etc., to prepare parameters and files required for 
target prediction. Using the InDraw web version (http://indrawfor-
web.integle.com/) draw Tab chemical structure. Through TCMSP 
(http://lsp.nwu.edu.cn/tcmsp.php), STITCH (http://stitch.embl.
de/), Swiss Target Prediction (http://www.swisstargetprediction.
ch/), PubChem (https://pubchem.ncbi.nlm.nih.gov/), DTPS (http://
demo.dtps.iprexmed.com/) forecast composition of targets da-
tabase. The repeated values were deleted after the action targets 
of each component were combined. Rheumatoid arthritis-related 
targets are searched by keyword “Rheumatoid”, and all are sum-
marized and sorted according to gene names through GeneCards 
(https://www.genecards.org/), the NCBI-Gene (https://www.ncbi.
nlm.nih.gov/gene), DrugBank (https://www.drugbank.ca/), OMIM 
(https://www.omim.org/). The predicted targets were compared 
with those related to rheumatoid arthritis, and the repeated targets 
were identified by the Venn diagram. These overlapping targets 
were the targets of Tab on the potential treatment of RA. Using 
OmicShare (http://www.omicshare.com/) online tools for these 
targets for dynamic GO and KEGG enrichment analysis. PPI net-
works of target genes were obtained by interactive gene/protein 

retrieval tools from STRING (https://cn.string-db.org//).11

Cell culture and arthritis models

The synovial tissues were collected during knee joint replacement 
surgery (n = 16; 6 males, 10 females, age 33–75, average age 55). 
All patients met the diagnostic criteria for RA as revised at the 
American College of Rheumatology in 1987. Written informed 
consent was obtained from each patient, and all samples were pro-
cessed anonymously. Synovial tissue was treated with collagenase 
II and III (Solarbio, China, 6 h later after harvest), for RA-FLS 
extraction.12

Stimulation assays

As previously described, primary RA-FLS was isolated and cul-
tured, and cells between passages 3 and 7 were used in experi-
ments.11 Our experiments showed that many inflammatory factors 
can effectively stimulate RA-FLS to simulate the inflammatory 
microenvironment, including IL1β, TNF-α, and lipopolysaccha-
ride (LPS), which exhibit the greatest effects. RA-FLS were grown 
at a suitable density on 24-well plates and stimulated with inflam-
matory factors for 24 h. Activation of PI3K/AKT pathways was 
blocked using dactolisib (Dac, BEZ235, Selleck).13

Cytotoxicity test and cell viability

RA-FLS was seeded into 96-well plates with a density of 3 × 103 
cells per well and was exposed to DMSO or Tab in different con-
centrations of 0–50 µM. Each well was incubated with 10 µl of 
Cell count Kit -8 (CCK-8) reagent for more than 1 hour, and the 
OD value in each well was measured at 450 nm with a microplate 
reader to detect cell proliferation rate for 24–72 h. The concentra-
tion of Tab was determined by cell growth rate. For cell viability 
measurement by CCK-8, RA-FLS with similar density above were 
challenged by IL1β (10 ug/ml) and TNF-α (10 ug/ml) before Tab 
(20 µM) treatment.

In addition, RA-FLS, treated as described above, in 96-well 
plates were subjected to a 5-ethyl-2-deoxyuridine (EDU) assay 
(C10310-1, RiboBio), and the proliferation efficiency of RA-FLS 
was detected by a high-intensity screening (HCS) system.14

Migration, invasion, and angiogenesis experiment

RA-FLS was divided into the normal control group, inflamma-
tory stimulation group (IL1β, 10 ug/ml), and Tab (20 µM) treat-
ment group with IL1β stimulation. Trypsin cells were inoculated 
in chambers, and cell density was adjusted to 3 × 104 cells/well. 
After adherence to the chamber wall, 200 µl serum-free medium 
was replaced. 10–12 hours later, the cells were fixed with 4% par-
aformaldehyde for 30 minutes, stained with crystal violet for 40 
minutes, and observed under a microscope to observe the number 
of cell migration. The matrix glue was diluted with medium 1:8 
and evenly spread in chambers for invasion analysis.

Then, HUVEC-1730 cells were plated in 6-well plates with a 
density of 4 × 104 cells per well and were treated and grouped as 
described above for 24 h.15 The matrix gel was prepared at a 1:1 
volume ratio with medium, and 180–200 µl was added to each well 
in a 48-well plate, and the plate was placed in an incubator for 4 
hours until the matrix gel completely solidified. Then, the treated 
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cells were placed on the matrix gel at a density of 1 × 104 cells per 
well. After 2 hours, tube formation in the HUVEC-1730 cells was 
observed by microscopy.

Quantitative real-time polymerase chain reaction (qRT-PCR)

RNA was extracted with TRIZOL and RNA concentration and 
purity were detected. The purity of RNA was best when A260/
A280 was between 1.8 and 2.0. cDNA was synthesized with 1 µg 
RNA by HiScript® III RT SuperMix for qPCR (Vazyme, R323-
01), which the procedure was 50°C, 15min; 85°C, 5 sec. And PCR 
(Basel Roche 480, Switzerland) was performed using an SYBR 
Green Mastermix kit (Cwbio, China) as a template.16 The primers 
used are listed in Table 1.

Western blot analysis

The total cell lysates were separated by sodium dodecyl. After 
protein quantification by the BCA protein quantification method, 
samples were loaded and separated by SDS-PAGE gel (12% sepa-
rated gel and 10% concentrated gel) at 66 V for 10 min, 76 V for 
20 min, 126 V for 1 h. Then, the protein samples were electropho-
retically transferred onto 0.45 µm polyvinylidene fluoride (PVDF) 
membranes (Millipore, Bedford, MA, USA). Then, the PVDF 
membranes were blocked and incubated at 4°C overnight with pri-
mary antibodies and secondary antibodies for 1 h. The blots were 
visualized using an enhanced chemiluminescent substrate (ECL) 
kit (Vazyme, Nanjing, China). The protein bands were quantified 
using ImageJ software 2.0 (National Institutes of Health, Bethesda, 
Maryland, USA) and were normalized to the density of the respec-
tive GAPDH band.

The following antibodies were used: anti-PI3K (1:500, 27921-
1-AP, Proteintech), anti-PIP3 (1:1,000, 17552-1-AP, Proteintech), 
anti-PDK1 (1:500, 10026-1-AP, Proteintech), phospho- PDK1 
(1:200, 29241-1-AP, Proteintech), anti-AKT (1:500, MA5-14916, 
Invitrogen, Thermo Fisher), and phospho-AKT (1:200, 44-621G, 
Invitrogen, Thermo Fisher). and glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) (1:1,000, Proteintech, Wuhan, China).

Collagen-induced arthritis (CIA) model

CIA is a well-established mouse model of human RA.17 Arthritic 
mice develop swollen joints, chronic inflammation, and joint de-
struction. CIA was induced by injecting type II collagen at 2 mg/
mL (Chondrex, Washington, USA) and complete Freud’s adjuvant 

(Sigma-Aldrich, Mannheim, Germany) in a 1:1 emulsion (200 
µl) was injected at the base of the tail of 10-week-old male DBA 
mice. A type II collagen and incomplete Freud’s adjuvant (Sigma-
Aldrich) 1:1 emulsion was injected (200 µl) at the base of the tail 
in 14-week-old mice. The mice were monitored once per day to 
detect the signs of arthritis.

Hematoxylin-Eosin (H&E) staining

The elbow and knee joints of mice were fixed with a tissue fixator 
for 24 h and decalcified in 10% EDTA solution for 30 days. During 
this period, the decalcification solution was replaced. The sample 
was dehydrated and paraffin-embedded. After dewaxing, the slices 
were stained with hematoxylin at 37°C for 5 min, washed with tap 
water for 10 min, immersed in alcohol containing 1% hydrochloric 
acid for 5 s, then rinsed with tap water for 10 min, and washed with 
distilled water for 1–2 s. Stain 120 s with 5% eosin. Dehydrate 
with 70%, 80%, 90%, and 95% diluted alcohol for 5 minutes, fol-
lowed by 100% alcohol for 10 minutes. The slices were cleaned 
with xylene for 10 minutes to dewax and then coated with neutral 
balm. After drying, the tissues of each group were observed under 
a light microscope.3

Enzyme-linked immunosorbent assay (ELISA)

The supernatant of the above cells cultured for 24 hours was col-
lected and evaluated by ELISA kits (Dakewe). Supernatants were 
obtained from the eyeballs of mice 50 days after the second col-
lagen injection, and the inflammatory factor content in the super-
natant was detected by ELISA.

Immunofluorescence microscopy

RA-FLS was plated in 48 wells at a density of 1 × 104 cells per 
well. After treatment of 24 hours, the cells were immobilized, per-
forated with Triton X-100, and incubated with a secondary anti-
body (1:500, Invitrogen, Thermo Fisher) at 37°C for 1 hour. Fi-
nally, DAPI staining was performed. The nuclear translocation of 
AKT was observed under a fluorescence microscope.

Statistical analysis

Data were expressed as the mean ± standard deviation (SD). All 
data were analyzed by SPSS 25.0. Statistical differences between 

Table 1.  The primers used are listed in qRT-PCR

Gene Name Sense (5′-3′) Antisense (5′-3′)

GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA

IL6 ACTCACCTCTTCAGAACGAA TTG CCATCTTTGGAAGGTTCAGGTTG

IL8 CCAGGAAGAAACCACCG GGTGGAAAGGTTTGGAGTAT

MMP3 CTGGACTCCGACACTCTGGA CAGGAAAGGTTCTGAAGTGACC

PIP3 TCCGCTGCTTTATCAGGTCG CACGAACTCGATGGGGATGA

MIP-2 CAGCCAGA TGCAA TCAA TGCC TGGAA TCCTGAACCCACTTCT

PDK1 AGGACAAAAGTGCTGAGGATG CCATGTTCTTCTAGGCCTTTCATA

CREB CCAAGTTGTTGTTCAAGGTACTCA TTCAAATTCACTGACATCCTGCT
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the two groups were firstly selected by t-test and multiple groups 
were assessed by ANOVA. P-value ≤ 0.05 was considered to be 
significant.

Results

Network prediction of Tab and RA-related pathways

We obtained the molecular formula of Tab from PubChem and use 
InDraw online version (http://indrawforweb.integle.com/) to map 
the Tab 2D chemical structure (Fig. 1a). Through Tab sequenc-
ing data, we performed KEGG analysis on differentially expressed 
genes in RA-FLS and found that the IL17 signaling pathway, 
MAPK signaling Pathway, and PI3K signaling Pathway were 
enriched (Fig. 1b). 70 potential targets of Tab were predicted by 
TCMSP, STITCH, Swiss Target Prediction, PubChem, and DTPS 
databases. Furthermore, 1,222 genes related to RA were predicted 
by NCBI-Gene, DrugBank, and OMIM database. The Venn dia-
gram (Fig. 1c) shows that a total of 35 genes have been predicted 
as the potential therapeutic targets of Tab in RA. We also applied 
STRING to construct a PPI network that showed that these poten-
tial targets, such as Hsp90, GSK3β, etc., were related to PI3K or 
involved in the PI3K-AKT signaling pathway (Fig. 1d). KEGG 
(Fig. 1e) analysis of overlapping genes was performed by Omic-

Share, and these genes were associated with a variety of human 
diseases and metabolism, such as metabolic diseases, and degen-
erative diseases. In addition, consistent with the KEGG analysis 
of sequencing data, the network predicted KEGG enrichment and 
also identified THE PI3K signaling pathway as a potential thera-
peutic target for Tab.

Tabersonine influenced the biological activity of RA-FLS

In order to determine the therapeutic effect of Tab on RA-FLS, 
a cytotoxicity test was firstly carried out, and 20 μM was finally 
selected for subsequent experiments (Fig. 2a). CCK-8 (Fig. 2b) 
and EDU (Fig. 2c) were used to determine cell viability and pro-
liferation. The results showed that the cell viability and prolifera-
tion with the activation of IL1β were significantly decreased when 
RA-FLS were treated by Tab compared with its parental control. 
In addition, the expression of interleukin 6 (IL6), interleukin 8 
(IL8), and matrix metalloproteinase 3 (MMP3) in RA-FLS were 
all decreased upon Tab treatment (Fig. 2d). The tube formation 
assay of HUVEC-1730 showed that Tab could also inhibit the pro-
angiogenesis properties of RA-FLS (Fig. 2e). The results of cell 
migration and invasion experiments (Fig. 2f)showed that the num-
ber of cell migration and invasion increased significantly after the 
addition of inflammatory factors. However, such increases were 
attenuated by the Tab treatment.

Fig. 1. Network prediction of Tab and RA-related pathways. (a) The 2D chemical formula for Tab. (b) KEGG analysis of sequencing data. (c) The overlapping 
genes of RA and Tab are represented by the Venn diagram. (d) PPI analysis through STRING on key molecules that Tab might affect. (e) KEGG enrichment 
analysis was performed for overlapping genes, and the first 20 were selected according to P-value for visual analysis. RA, rheumatoid arthritis; Tab, Taber-
sonine.
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Tabersonine ameliorates the CIA inflammatory phenotype

To further determine the therapeutic effect of Tab on RA, CIA 
model mice were established, and Tab was added for the interven-
tion. The results showed that Tab inhibited the arthritic parameters 
of the RA-like phenotype, as evidenced by the decreased degree of 
ankle swelling, paw thickness, and arthritis score (Fig. 3b), com-
pared to the control group with DMSO treatment.

HE staining showed that synovial hyperplasia, inflammatory 
cell infiltration, and cartilage destruction were all ameliorated in 
Tab-inoculated mice (Fig. 3c). Serum of the CIA models with or 
without Tab treatment was collected for ELISA analysis. The data 
showed that the expression of inflammatory factors, such as IL1β 
and TNF-α was decreased in Tab treated group compared to the 
CIA model group (Fig. 3d). In addition, the three-dimensional 
spiral structure of the tibia edge was analyzed by the micro-CT 
method. Compared to the control group, the relative bone volume 
(BV/TV), and trabecular separation (Tb.Sp) in the CIA model 
group increased significantly and trabecular bone mineral density 
(Tb.BMD) reduced. But the addition of the Tab could rescue these 
changes.

Tab protects against RA progression through PI3K signaling

To detect the effects of Tab on the PI3K pathway, we detected the 

expression levels of inflammatory factors downstream of PI3K. 
The results showed that the mRNA expression levels of PIP3, 
PDK1, C-X-C Motif Chemokine Ligand 2 (MIP-2), and CAMP 
Responsive Element Binding Protein (CREB) were significantly 
increased after the addition of IL1β, whereas the above increases 
were all suppressed following the exposure of Tab (Fig. 4a).

Secondly, protein levels were detected. The expression levels 
of PIP3, PDK1, and p-PDK1 increased after the addition of IL1β. 
However, such increases were suppressed when RA-FLS were 
challenged by Tab simultaneously, while the change of AKT was 
not significant. We also detected changes in phosphorylation lev-
els of this molecule and found that the phosphorylation levels of 
AKT were consistent with the above trend (Fig. 4b). This indicates 
that Tab can indeed regulate the expression level of PI3K related 
molecules in RA-FLS.

To detect whether Tab inactivated RA-FLS via the PI3K path-
way, Dac, an inhibitor of PI3K, was introduced to block the PI3K 
pathway in the absence or presence of Tab. The data showed that 
Dac could inactivate the PI3K pathway as efficiently as Tab, How-
ever, no additive suppression was observed. With the stimulation 
of IL1β, the expression level of IL6, IL8, and MMP3 decreased 
significantly in Tab-treated RA-FLS when compared to its parental 
control. However, no further decreases were found when RA-FLS 
were treated by both of them (Fig. 4c). Similar effects on the ex-
pression of parameters downstream of the PI3K pathway, includ-
ing PIP3, PDK1, MIP-2, and CREB were also observed (Fig. 4d).

Western results showed that the expression level of p-AKT was 

Fig. 2. The effect of Tab on the bioactivity of RA-FLS. (a) RA-FLS was stimulated with IL1β (10 µg/ml) and TNF-α (10 µg/ml) for 24 h and then incubated with 
Tab (20 µM) for 24 h. Then, CCK-8 was used to analyze the cytotoxicity of Tab on RA-FLS. (b) The proliferation rate of RA-FLS was detected by CCK-8 at 24 h, 
48 h, and 72 h. (c) EDU working solution (50 nM) was used to label cells for 8 h and to detect the proliferation of RA-FLS. (Blue: DAPI; Red: EDU) (d) With the 
activation of IL1β (10 µg/ml) and TNF-α (10 µg/ml) respectively, RA-FLS were treated by Tab (20 µM). Then, the expression levels of IL6, IL8, and MMP-3 RNA 
were measured in RA-FLS. (e) The 1730 cells were treated by the supernatant from RA-FLS as treated above to determine their tube-forming ability. (f) The 
migration and invasion abilities of RA-FLS cells were observed under a 10× microscope and counted with an average of four fields per well. The data are the 
mean ± SEM, *p < 0.005, **p < 0.01, ***p < 0.001, ****p < 0.00001, n = 3. IL1β, human interleukin 1β; IL6, interleukin 6; IL8, interleukin 8; MMP3, matrix 
metalloproteinase 3; RA-FLS, rheumatoid arthritis fibroblast-like synoviocytes; Tab, Tabersonine; TNF-α, tumor necrosis factor- α.
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increased under the stimulation of IL1β, but decreased with the 
addition of an inhibitor or Tab. However, no further changes were 
observed when RA-FLS were treated by both of them. In addition, 
the total protein level of AKT did not change significantly after 
treatment (Fig. 4e).

Furthermore, immunofluorescence was used to detect the nu-
clear translocation of AKT (Fig. 4f). The data showed that the 
nuclear staining of AKT increased obviously when RA-FLS were 
exposed to IL1β, but the addition of Dac or Tab can inhibit the 
nuclear translocation of AKT. However, no further decrease of nu-
clear translocation of AKT was observed when Tab-exposed RA-
FLS were challenged by Dac further.

Future directions

In this study, Tab has been identified that could ameliorate the in-
flammatory phenotype of RA-FLS by inactivating the PI3K-AKT 
signaling pathway and thus delaying the disease process of RA. 
However, some drawbacks need to be resolved in future studies. 
To confirm the therapeutic effects of Tab on RA were achieved by 

PI3K, the exactly targeted proteins should be predicted and vali-
dated. Furthermore, RNA-sequencing should also be included to 
predict the potential activity and signaling pathways of Tab in RA.

Conclusions

Rheumatoid arthritis is an autoimmune disease characterized by 
synovial hyperplasia and an inflammatory phenotype. It often 
manifests as symmetric polyarthritis, accompanied by synovial 
joint swelling and pain,18 especially in hand and foot joints, but 
other tissues and organs, such as blood vessels and peripheral 
nerves, can also be involved. Currently, the treatment of RA main-
ly includes drug therapy, including nonsteroidal anti-inflammatory 
drugs, DMARDs, glucocorticoids, and biological agents.19,20 How-
ever, traditionally used drugs induce side effects that are harmful 
to the kidney, stomach, and liver.12,21 In recent years, the treatment 
of RA by Chinese herbal medicine has been increasingly favored 
by the majority of patients with rheumatism because traditional 
Chinese herbal medicine has curative effects, safety, and nontoxic 
side effects.22 Our study found that Tab inhibits the inflammatory 

Fig. 3. The effects of Tab on the disease progression in CIA mice. Arthritis was induced by collagen in DBA mice. (a) Representative rear paw photographs 
Tab treatment group and its parental controls. (b) The degree of fore and hind paw thickness was measured. Arthritis was evaluated as 0 (no swelling) to 
4 (strong swelling) once per day by two independent observers under blinded conditions. The severity of edema and paw redness was assessed once per 
day. All results are presented as the mean ± SEM of three independent experiments performed in triplicate. (c) Hematoxylin slides were blindly tested by 
trained observers to determine the proliferation and invasion of RA-FLS, and also the destruction of articular and bone destruction. (d) Blood samples were 
collected from eyeballs, and the expression levels of inflammatory factors in serum were detected by ELISA kits. (e-g) Representative Micro-CT images of 
hindlimbs and interphalangeal joints. Micro-CT and 3D reconstruction techniques were used to determine the bone volume fraction (BV/TV), trabecular 
bone density (Tb.BMD), and trabecular separation (Tb.Sp). The data are the mean ±SEM, *p < 0.005, **p < 0.01, ***p < 0.001, ****p < 0.00001, n = 3. CIA, 
collagen-induced arthritis; Dac, Dactolisib; ELISA, Enzyme-linked immunosorbent assay; IL1β, human interleukin 1β; RA-FLS, rheumatoid arthritis fibroblast-
like synoviocytes; Tab, Tabersonine; TNF-α, tumor necrosis factor-α.
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Fig. 4. Tab protects against RA progression via PI3K signaling. (a) The RNA expression levels of PIP3, PDK1, MIP-2, and CREB were measured in RA-FLS 24 
h after treatment with IL1β (10 µg/ml), then incubated and subsequent Tab (20 µM). (b) RA-FLS was treated with IL1β (10 µg/ml), and subsequent Tab (20 
µM) for 36–48 h, the protein expression levels of PIP3, PDK1, p-PDK1, AKT, and p-AKT were detected by Western Blot, and the bands were digitally quanti-
fied. The Control group was set to “1”. With or without IL1β (10 µg/ml) stimulation, RA-FLS was incubated with PI3K inhibitor- Dac (5nM) or Tab (20 µM) or 
treated with a combination of both. (c) The RNA expression levels of IL6, IL8, and MMP-3. (d) The RNA expression levels of PIP3, PDK1, MIP-2, and CREB. (e) 
The protein expression of AKT and p-AKT. The bands were digitally quantified and the Control group was set to “1”. (f) Fluorescence microscopy was used to 
detect nuclear translocation of activated AKT. (Blue: DAPI; Red: AKT) The data are the mean ±SEM, *p < 0.005, **p < 0.01, ***p < 0.001, ****p < 0.00001, 
n = 3. CREB, CAMP Responsive Element Binding Protein; Dac, Dactolisib; IL1β, human interleukin 1β; IL6, interleukin 6; IL8, interleukin 8; MIP-2, C-X-C Motif 
Chemokine Ligand 2; MMP3, matrix metalloproteinase 3; PI3K, phosphatidylinositol-4,5-bisphosphate 3-kinase; PIP3, phosphatidylinositol 3,4,5-trisphos-
phate; qRT–PCR, quantitative real-time polymerase chain reaction; RA, rheumatoid arthritis; RA-FLS, rheumatoid arthritis fibroblast-like synoviocytes; Tab, 
Tabersonine; TNF-α, tumor necrosis factor-α

response and arthritis progression by inhibiting the pathogenic ac-
tivity of RA-FLS, suggesting that Tab is a potential drug for the 
treatment of RA.

The Tab is a terpenoid indole alkaloid found in a variety of 
plants, including C. roseus (Apocynaceae). Previous studies have 
shown that Tab has strong anti-inflammatory properties and pro-
tects the lung from injury by inactivating the NF-κB and P38/MK2 
pathways.23 Our data showed that Tab exerts its anti-inflammatory 

effect by inhibiting the activity of the PI3K-AKT signaling path-
way and that the PI3K-Akt signaling pathway is required for Tab 
conferred protection against acquiring the inflammatory pheno-
type of RA-FLS, further confirming its likelihood as a treatment 
drug for RA.

In summary, Tab has proven to be a promising candidate for 
developing novel therapies for RA because it can ameliorate the 
inflammatory phenotype of RA-FLS.
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