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Abstract. Rheumatoid arthritis (RA) is a common systemic 
autoimmune disease mainly involving the formation of a 
synovial pannus, for which no effective treatment is avail-
able. In order to study the molecular biological mechanisms 
underlying the inhibition of RA synovial pannus by triptolide, 
differentially expressed genes in synovial tissues from an 
adjuvant arthritis (AA) rat model with and without triptolide 
treatment were detected in an mRNA microarray profile 
produced by Agilent Technologies and verified by reverse 
transcription-quantitative polymerase chain reaction analysis 
(RT-qPCR). An AA model was established by subcutaneously 
injecting 0.1 ml Freund's complete adjuvant daily for 18 days 
and scored by arthritis index assessment. Subsequently, 
triptolide (0.4 mg/kg) or an equivalent amount of saline was 
administered daily for 14 days. At the end of the experiment, 
synovial tissues were obtained from the ankle joints of the rats' 
hind legs. Total RNA was extracted and purified, and micro-
array hybridization was used to obtain the gene expression 
profile for RA with and without triptolide treatment. A total of 
48 genes were identified to be differentially expressed between 
the treatment and model groups, including 32 upregulated and 
16 downregulated genes. The possible signaling pathways 
associated with the effect of triptolide were investigated by 
Gene Ontology and pathway analysis, revealing that the phos-
phoinositide-3 kinase (PI3K)/AKT signaling pathway has a key 
role in the proliferation and apoptosis of synovial cells in RA 
joints. Reverse transcription-quantitative polymerase chain 
reaction analysis was applied to confirm the aberrant expres-
sion of key mRNAs and revealed that vascular endothelial 

growth factor (VEGF) A and C1q and tumor necrosis factor 
related protein 3 (C1QTNF3) were downregulated in the 
treatment group compared with the model group (P<0.05). In 
conclusion, triptolide may exert its effects against RA via the 
PI3K/AKT pathway and has an inhibitory effect on the expres-
sion of VEGFA and C1QTNF3, thus are potentially associated 
with the occurrence and development of RA.

Introduction

Rheumatoid ar thritis (RA) is a common systemic, 
non-infectious autoimmune disease that is mainly char-
acterized by synovitis. The pathological characteristics of 
RA include autoimmune response and chronic inflamma-
tion-induced synovial hyperplasia, angiogenesis and cartilage 
destruction (1,2). In Europe, a preliminary understanding of 
this disease entity prevailed as early as the 17th century, but 
it was not until 1859, when it was named RA by Garrod, that 
it was more comprehensively understood (3,4). The incidence 
rate of RA in China is ~30% (~4 million patients) and the 
disability rate (60%) is relatively high (5). One of the most 
important pathophysiological processes is the formation of the 
synovial pannus, which erodes and destroys adjacent articular 
cartilage and bone, resulting in joint remodeling, distortion and 
ankylosis (6). There is currently no effective treatment avail-
able for this common disease, and the underlying mechanisms 
of the exited targeting drug remain elusive.

Triptolide is a non‑steroidal anti‑inflammatory agent and 
immunosuppressant. Previous clinical studies have reported 
that triptolide possesses anti-rheumatic, anti-oxidative and 
anti-cancer properties, and is the most commonly used Chinese 
medicine in the treatment of RA. Triptolide, the major active 
component of Tripterygium wilfordii, is a diterpene lactone 
epoxide compound whose specific molecular targets in RA 
have remained to be fully determined (7-9). Only few studies 
have assessed the mechanisms and pathways associated with 
the action of triptolide. In order to further elucidate the thera-
peutic mechanisms and targets of triptolide in RA, the present 
study used a rat model of RA to establish a basis for clinical 
treatment and to provide fundamental evidence supporting the 
use of this Traditional Chinese Medicine (TCM) component in 
the treatment of RA (10,11).
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Many human infectious diseases are typically associated with 
the deregulation of gene expression, and even normal tissues are 
accompanied by changes in gene expression patterns (12). Gene 
chip analysis is a milestone technological innovation in the field 
of molecular biology and one of the most advanced and effec-
tive methods. It allows researchers to determine how thousands 
of genes act simultaneously, quantify certain genes in patients to 
identify a disease and provides novel targets for drug design and 
disease treatment (13,14). However, the application of gene chip 
technology to assess the treatment effect of triptolide in RA has 
not been previously reported. By analyzing the differences in the 
gene expression profile in synovial tissues of model animals with 
and without drug administration, the differential gene expression 
spectrum of synovial tissue in RA may be established and the 
mechanism of the triptolide treatment effect on RA may be quali-
tatively and quantitatively analyzed at the gene level.

The aim of the present study was to determine the 
differentially expressed genes (DEGs) in synovial tissues 
of RA rats by using the gene chip technique and reverse 
transcription-quantitative polymerase chain reaction 
(RT-qPCR), and to explore the targets of the DEGs following 
treatment of RA by triptolide, including the direct molecular 
targets of triptolide and the effects of RA declining as a result 
of triptolide treatment.

Materials and methods

Animals. A total of 20 pathogen-free male adult Wistar 
rats (age, 8 weeks; weight, 150±10 g) were provided by the 
Shanghai Experimental Animal Center of the Chinese 
Academy of Sciences/Shanghai Shrek Experimental Animal 
Co., Ltd. [animal certificate no. SCXK (Shanghai 2007‑0005)]. 
All of the rats were housed at the Animal Center of Zhejiang 
Chinese Medical University (Hangzhou, China) at a constant 
temperature of 23±1˚C, humidity of 40‑70% and under 
a 12-h light/dark cycle, with free access to food and water. 
All procedures conformed to the guidelines of the National 
Institutes of Health Guide for the Care and Use of Laboratory 
Animals and were approved by the Ethics Committee for the 
Use of Experimental Animals of Zhejiang Chinese Medical 
University (Hangzhou, China; animal permit no. SYXK 
(Zhejiang Province 2008-0115).

Experimental groups and adjuvant arthritis (AA) model. The 20 
rats used in the present study were randomly divided into two 
groups, namely the AA model group and the triptolide treat-
ment (TP) group (n=10 per group). The AA model was induced 
by daily injecting Freund's complete adjuvant (0.1 ml) into the 
muscle of the hind paw with a microsyringe for ~18 days. The 
activity of the animals and ankle swelling were observed (10,15). 
At day 18, the successful establishment of this model was evalu-
ated by determining the arthritis index (AI) (16,17). The standard 
grading of AI was as follows: 0, no redness; 1, mild swelling of 
the toe joint, inflammation in a single area of the paw or foot pad; 
2, mild redness of the joint, inflammation in >2 areas of the paw 
and foot pad or ankle; 3, moderate redness and mild dysfunction 
of the joint; 4, severe redness of the joint, rigidity or even malfor-
mation, severe dysfunction. Each paw scored 4 points, adding up 
to a total of 8 points. The model was considered to be successfully 
established if the AI score was >4 points (16,17).

Drug administration and sample collection. After model 
establishment, the rats in the TP group were administered 
the medicine from the 18th day onwards as follows: First, 
the foot pad of the hind leg was routinely sterilized, and each 
rat received a muscle injection with triptolide at a dose of 
0.4 mg/kg daily for 14 days (18,19). The rats in the model group 
were injected with an equal volume of 0.9% physiological 
saline. All of the rats were sacrificed on day 14, and the hind 
leg and ankle joint were resected and processed. Following 
anesthesia by intraperitoneal injection of 10% chloral hydrate 
(400 mg/kg) and after disinfection with alcohol, the skin 
was incised along the middle of the ankle joint until an area 
~2x2 cm was exposed. The joint cavity was opened, and the 
synovial tissue around the ankle was carefully resected with a 
surgical blade. The synovial tissue specimen was rinsed with 
diethyl pyrocarbonate, added into a cryopreservation tube and 
placed in liquid nitrogen to be used for gene chip detection and 
qPCR analysis (20,21). The rats were sacrificed by dislocation 
of the neck at 30 min after anesthesia.

Total RNA extraction and purification. Total RNA was 
extracted with TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA); 50‑100 mg tissue/ml 
TRIzol was used in the present study and all procedures were 
performed according to the manufacturer's protocol. Quality 
control of the RNA samples was performed with a Nanodrop 
ND‑1000 spectrophotometer (Thermo Fisher Scientific, Inc.) 
by measuring the absorbance of each sample at 260 nm (21). 
The RNA samples were then subjected to 1% agarose gel 
electrophoresis. In order to obtain high‑quality purified RNA 
samples, and reach the labeling efficiency of the probe and 
optimal results of hybridization in the subsequent experiment, 
the Qiagen RNeasy kit (Qiagen GmBH, Hilden, Germany) 
was used to purify total RNA, according to the manufacturer's 
protocol (22,23).

RNA labeling and microarray hybridization. The mRNA 
microarray profile (ID: 014879) was provided by Agilent 
Technologies, Inc. (Santa Clara, CA, USA). Total RNA 
was amplified and labeled using the Low-Input Quick 
Amp Labeling kit, One-Color (cat. no. 5190-2305; Agilent 
Technologies, Inc.), according to the manufacturer's protocol. 
Labeled complementary RNA (cRNA) was purified with the 
RNeasy mini kit (cat. no. 74106; Qiagen GmBH). Each slide 
was hybridized with 1.65 µg cyanine 3-labeled cRNA using the 
Gene Expression Hybridization kit (cat. no. 5188-5242; Agilent 
Technologies, Inc.) in a hybridization oven (cat. no. G2545A; 
Agilent Technologies, Inc.) according to the manufacturer's 
protocol. After 17 h of hybridization, the slides were washed 
in staining dishes (cat. no. 121; Shandon™; Thermo Fisher 
Scientific, Inc.) with a Gene Expression Wash Buffer kit 
(cat. no. 5188-5327; Agilent Technologies, Inc.) according to 
the manufacturer's protocol (24,25). The microarray data were 
deposited in the GEO repository (https://www.ncbi.nlm.nih.
gov/geo/query/acc.cgi?acc=GSE124639).

Screening of DEGs. The raw microarray data were 
processed using GeneSpring software version 12.6.1 (Agilent 
Technologies, Inc.). The data were normalized and the gene 
expression was compared between the two groups. The gene 
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chip data were screened for DEGs according to different 
selection criteria (fold‑change >2 for upregulated and <0.5 for 
downregulated genes; P<0.01).

Gene ontology (GO) and pathway analysis. The GO 
(http://www.geneontology.org) database was used to iden-
tify functional terms enriched by the DEGs. GO analysis 
determines the accumulation of DEGs in terms of three 
independent categories, namely biological process, cellular 
component and molecular function. The DEGs are used as 
input in the GO analysis. In the analysis of DEGs from gene 
expression profiles, GO may be used to provide information 
on the functions, structural characterization and gene function 
classification labeling.

Generation of the interaction network. The pathway analysis 
was performed using the and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) database (http://www.genome.jp/kegg), 
which provides a systematic analysis of gene function, 
associated genome information and functional information. 
Cell biochemical processes, including membrane transport, 
metabolism, cell cycle and signal transmission, may be fully 
elucidated by searching the more advanced KEGG pathway 
database. Each node in the database was mapped to calculate 
the number of genes per node.

RT‑qPCR. Total RNA samples from each group were 
reverse-transcribed into complementary (c)DNA. RT was 
performed with the Maxima First Strand cDNA Synthesis 
kit for RT‑qPCR (cat. no. K1641; Thermo Fisher Scientific, 
Inc.). qPCR analysis was performed using the DyNAmo Flash 
SYBR Green qPCR kit (cat. no. F415XL; Thermo Fisher 
Scientific, Inc.) to evaluate vascular endothelial growth factor 
(VEGF) A and C1q and tumor necrosis factor related protein 
3 (C1QTNF3) levels using β-actin as the internal control. Each 
sample was analyzed in triplicate. The PCR consisted of an 
initial denaturation step at 94˚C for 5 min, followed by an 
amplification with 35 reaction cycles, including denaturation 
at 94˚C for 30 sec, annealing at 58˚C for 30 sec, and final 
extension at 72˚C for 1 min (26). The relative mRNA expres-
sion levels were calculated using the quantification cycle (Cq) 
method. The primers used were as follows: VEGFA, forward 
5'-GAG GAA AGG GAA AGG GTC AAA-3' and reverse 5'-CAC 
AGT GAA CGC TCC AGG ATT-3'; C1QTNF3, forward 5'-GTG 
CTC AGA AAT AAT TGG CTC CT-3' and reverse 5'-AAG GTG 
TGG CAA GCC AAA TG-3'; and β-actin, forward 5'-TCT GTG 
TGG ATT GGT GGC TCT A-3' and reverse 5'-CTG CTT GCT 
GAT CCA CAT CTG-3'.

Statistical analysis. SPSS 17.0 software (SPSS Inc., Chicago, 
IL, USA) was used for statistical analysis. One-way analysis 
of variance and the Student-Newman-Keuls test were used 
to analyze the differences between the experimental groups. 
Values are expressed as the mean ± standard deviation. P<0.05 
was considered to indicate a statistically significant difference.

Results

AI score. The AI scores in the rats of the present study was 
determined to confirm successful model establishment. 

AI scores of >4 on the 18th day after modeling were consid-
ered to indicate successful establishment of the model. A 
comparison of the AI scores in the model and TP groups is 
presented in Fig. 1. In the TP group, the AI score was signifi-
cantly decreased following TP treatment, while that in the 
model/vehicle-treated group was unchanged.

Screening of DEGs between the treatment and model groups. 
The gene chip data were screened according to the abovemen-
tioned fold change/significance criteria for DEGs. A number 
of DEGs were screened out presented in the list, the data of 
which are presented in Fig. 2. There were 6 upregulated DEGs 
and 5 downregulated DEGs listed, including VEGFA and 
C1QTNF3.

GO analysis. The DEGs were subjected to a GO functional 
enrichment analysis. It was revealed that the DEGs were 
implicated in a wide range of molecular functions, including 
tumor-associated pathways, cell cycle regulation and interac-
tion between cell receptors and extracellular matrix. Details 
of the association between RA and the GO functional terms 
associated with the genes affected by triptolide treatment in 
RA are presented in Fig. 3. The top GO terms include response 
to redox state, regulation of dendritic spine morphogenesis and 
establishment of tissue polarity.

Pathway analysis. Using KEGG pathway enrichment analysis, 
the DEGs were identified to participate in various signaling 
pathways. The detailed information is presented in Fig. 4. 
The most significant pathways are listed in the top panel of 
the figure. The pathway analysis suggested that the phos-
phoinositide-3 kinase (PI3K)/AKT signaling pathway has a 
key role in the proliferation and apoptosis of synovial cells of 
RA joints. Furthermore, other pathways were listed that could 
be potentially involved in the whole regulation.

RT‑qPCR analysis. The distinct DEGs VEGFA and C1QTNF3 
were selected from the microarray and RT-qPCR was used for 
detection using the same RNA samples. Thereby, the results 
obtained with the gene chip method were verified. The mRNA 

Figure 1. Comparison of AI scores between groups. *P<0.05, vs. all other 
groups/time-points. Data are expressed as the mean ± standard deviation 
(n=10). AI, arthritis index; TP, triptolide.
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expression of VEGFA (27) and C1QTNF3 (28) was signifi-
cantly downregulated in the TP treatment group compared 
with that in the vehicle-treated group (P<0.05; Fig. 5). The 
expression of VEGFA and C1QTNF3 in the vehicle (model) 
and TP groups was therefore consistent with that determined 
by gene chip detection.

Discussion

The present study investigated the effect of triptolide treatment 
on the gene expression profiles in the joint tissue of RA model 
rats. The major manifestations of RA are joint pain, edema, 

limited range of flexion and extension, morning stiffness, joint 
deformities and even joint swelling and burning (1). Since RA 
is a lingering disease that is associated with a high disability 
rate, the primary purpose of treatment is to relieve these 
symptoms and prevent the progression of the disease. TCM 
generally treats the body as a whole, applying the principles 
of syndrome differentiation (29,30). It helps relieve the pain 
and enables functional recovery of patients with joint swelling 
and pain, and is associated with only few adverse reactions, 
effectively reducing the risk of disability (31).

It was previously demonstrated that triptolide significantly 
reduces paw edema induced by carrageenan or egg white in 

Figure 2. DEGs in the joints of triptolide- vs. vehicle-treated rats with rheumatoid arthritis. The gene chip data were screened according to the screening 
criteria of DEGs (fold‑change >2 for upregulated and <0.5 for downregulated genes). Among the significantly upregulated DEGs are TYRP1, OLR757, 
PCDHGA9, WNT6, IL1Band HNF4A, while ZBTB16, VEGFA, LOC10255539, C1QTNF3 and Adamts19 are among the downregulated DEGs. DEG, differ-
entially expressed gene; VEGFA, vascular endothelial growth factor A; C1QTNF3, C1q and tumor necrosis factor related protein 3.
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AA rats. Its anti‑inflammatory effects are mainly mediated 
by inhibiting the release of prostaglandins during the inflam-
matory response, and by decreasing the permeability of blood 
vessels and reducing the concentration of platelets, as well 

as the proliferation of fibers in the later stages of inflam-
mation (32,33). The AA model is an ideal animal model for 
investigating RA and screening of drugs, as its pathological 
changes and cellular immune abnormalities exhibit several 

Figure 3. GO analysis. Details of the associations between rheumatoid arthritis and most relevant cellular or molecular processes are provided, based on 
the top GO terms in the list, including response to redox state, regulation of dendritic spine morphogenesis and establishment of tissue polarity. GO, gene 
ontology. Red indicator represents cellular component; green indicator represents biological process; yellow indicator represents molecular function. BMP, 
bone morphogenetic protein; HSP, heat shock proteins; STAT, signal transducer and activator of transcription.
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similarities with RA (34). Therefore, AA rats were used as a 
model to study the effect of triptolide on the gene expression 
profile in joint tissues, which may provide an experimental 
basis for the treatment of RA in the future. However, one 
limitation was that the mechanisms of action of triptolide 
were not assessed via a comparison between RA model rats, 
triptolide-treated RA model rats and normal rats.

As the in vivo pathway and specific molecular mecha-
nisms of action of triptolide in the prevention and treatment 
of RA have remained elusive, the present study investigated 
the pharmacological mechanism and effect of triptolide at 
the molecular level by employing the gene chip method. 
The present results identified distinct DEGs (VEGFA and 
C1QTNF3) that were selected from the microarray. It has 

Figure 4. Pathway analysis. Each group of DEGs participated in the signal regulation pathway. The vehicle (model) and TP groups involved the signaling 
pathway were searched based on the KEGG library. The DEGs in the joints of triptolide- vs. vehicle-treated rats with rheumatoid arthritis were enriched 
in various KEGG signaling pathways. Pathway analysis suggested that the PI3K/AKT signaling pathway has a key role in the proliferation and apoptosis 
of synovial cells in RA joints, the DEGs in the joints of triptolide- vs. vehicle-treated rats with rheumatoid arthritis. rno, Rattus norvegicus; KEGG, Kyoto 
Encyclopedia of Genes and Genomes; PI3K, phosphoinositide-3 kinase; ECM, extracellular matrix.
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been reported that activation of the PI3K/AKT pathway has 
a negative role in modulating genes that promote inflamma-
tion, thrombogenicity and vascular permeability, and thereby 
protect vascular function. Furthermore, the neuroprotective 
role of the PI3K/AKT pathway in other disease models, 
including cerebral ischemia, has been widely studied (35). In 
the present study, GO and KEGG pathway analysis suggested 
that the PI3K/AKT signaling pathway has a key role in the 
proliferation and apoptosis of synovial cells in RA joints with 
triptolide treatment. A previous study has revealed that an 
imbalance of the phosphatase and tensin homolog/PI3K/AKT 
pathway in rats with AA is one of the mechanisms of synovial 
neovasculization (36).

In the present study, the gene microarray profiles of 
the treatment and the model group were determined, from 
which the DEGs between the two groups were determined. 
The analysis demonstrated that triptolide affected the gene 
expression profile of AA model rats. A total of 48 DEGs 
were identified, among which 32 genes were upregulated 
and 16 were downregulated. The GO terms of these DEGs 
were determined, and included transcription factor regula-
tion, kinase, cytoskeleton and protein synthesis, transport 
function, modification of cytokines, inflammatory response, 
immune response, cell proliferation and invasion and cell 
cycle regulation. The KEGG signaling pathways involved 
are mainly associated with angiogenesis, apoptosis, prolif-
eration, oxidative stress and inflammation. The DEGs were 
determined to be involved in tumor-associated pathways, 
cell cycle regulation and cell receptor interaction with 
the extracellular matrix. According to the Bioinformatics 
analysis, certain significant DEGs, the key genes, identified 
from the microarray results were associated with tumor-like 
properties, and the genes located at the key signaling 
pathway nodes were determined. Two genes, VEGFA and 
C1QTNF3, were selected for verification of their expres-
sion levels by RT-qPCR. The results demonstrated that the 
expression of the two genes in the treatment group was 
lower compared with that in the model group, which was 
consistent with the results of the microarray, indicating that 
the reproducibility and reliability of the experiment was 
satisfactory.
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