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Rheumatoid arthritis (RA) is a chronic, progressive autoimmune disease characterized by synovitis 
and symmetrical joint destruction. RA has become one of the key diseases endangering human 
health, but its etiology is not clear. Therefore, identifying the immunopathogenic mechanisms of 
RA and developing therapeutic drugs to treat autoimmune diseases have always been difficult. This 
article mainly reviews the immunopathogenic mechanism of RA and advances in the study of anti-
inflammatory drugs in order to provide a reference for the treatment of RA and drug development in 
the future.

1. Introduction

Rheumatoid arthritis (RA) is a chronic, inflammatory, 
systemic autoimmune disease with an incidence of 
5-10 cases per 1,000 people (1,2). Nonsuppurative joint 
and joint tissue inflammation is a main feature of RA, 
which mainly manifests as joint synovitis, resulting in 
damage to the cartilage, ligaments, tendons, and other 
joint tissues as well as multiple organ damage. The 
basic pathological changes in RA are synovitis, acute 
synovial swelling and exudation, chronic granulocyte 
infiltration, synovial hyperplasia and hypertrophy, 
and vasculitis. The latter is the pathological basis of 
joint injury, deformity, and obstruction and causes 
the disease to progress to the irreversible stage. The 
initial symptoms of RA are swelling and pain in the 
joints of the hands and feet, and especially the palms, 
toes, and proximal interphalangeal joints. Large joints, 
including the elbows, shoulders, ankles, and knees, can 
also be involved (1). In addition to joint symptoms, 
patients with RA often experience other symptoms such 
as fever, anemia, scleritis, pericarditis, vasculitis, and 
enlarged lymph nodes, and a variety of autoantibodies 
can be found in their serum. Without proper treatment, 
RA mainly affects the small joints of the limbs, such 
as the hands, feet, and wrists; symptoms are usually 
symmetrical and can be temporarily relieved. Without 
systematic treatment, however, RA can occur repeatedly 
for many years, eventually leading to joint deformities 
and loss of function.

 Treatment of RA has two objectives: symptom relief 
and maintenance of function, and slowing the process 
of tissue injury. Currently, drugs used to treat RA are 
mainly divided into non-steroidal anti-inflammatory 
drugs (NSAIDs), disease-modifying anti-rheumatic 
drugs (DMARDs) and glucocorticoids (GCs). NSAIDs 
play an anti-inflammatory, antipyretic and analgesic 
role by inhibiting the activity of cyclooxygenase (COX), 
reducing the generation of prostaglandin (PG), and 
inhibiting the secretion of various cytokines. DMARDs 
can interfere with RA symptoms and signs, improve 
body function, and inhibit the progression of joint injury 
(3). Currently, IL-6R antibodies and JAK inhibitors are 
the most effective biological DMARDs (4). Although 
these drugs have a certain therapeutic effect, there are 
still some patients who fail to respond to the therapeutic 
drugs or who do not continue to respond (5). Therefore, 
there is an urgent need to develop drugs with new 
targets or new mechanisms to meet the clinical needs of 
these patients.
 This review focuses on the current understanding 
of the immunopathogenic mechanisms of bone and 
cartilage damage caused by inflammatory disorders and 
progress in the use of anti-inflammatory drugs to treat 
patients with RA.

2. Immune mechanisms of RA

Cascade responses of innate and adaptive immunity are 
important mechanisms of the RA inflammatory process 
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(6). Many inflammatory cytokines and autoantibodies 
drive RA-associated inflammation and are maintained 
by epigenetic changes in fibroblast-like synovial cells, 
facilitating further inflammation (7,8). During this 
process, many immune cells (neutrophils, granulocytes, 
macrophages, and B and T cells) invade the synovium 
and the synovial fluid. This invasion results in the 
release of many cytokines, chemokines, autoantibodies, 
and reactive oxidative species (ROS) in the synovial 
and joint spaces, leading to joint injury. The serological 
markers of the disease are the presence of high titers of 
rheumatoid factor (RF) and anti-citrullinated peptide 
antigens and antibodies (ACPAs) (9,10). This complex 
pathogenic mechanism will be discussed in more detail 
below.

2.1. Immune cells

Synovial inflammation reflects subsequent immune 
activation, which is characterized by leukocyte invasion 
by innate immune cells (e.g., monocytes, macrophages, 
dendritic cells, and neutrophils) and adaptive immune 
cells (e.g., Th1, Th2, Th17 cells, B cells, and plasma 
cells) (11,12).

2.1.1. T cells

T cells play an important role in the RA immune-
mediated inflammatory response. In experimental 
models of collagen-induced RA, activated T cells 
aggregate in the inflamed joints as the disease 
progresses (13,14). Naive CD4+T helper cells (Th) 
can differentiate into different cell lines (Th1, Th2, 
and Th17), characterized by the specific expression of 
transcription factors and proinflammatory cytokines in 
the system under antigen stimulation (15,16).
 In the past, the pathogenesis of RA was generally 
believed to involve the abnormal differentiation of 
CD4+T lymphocytes, which mainly manifested as a 
Th1/Th2 imbalance. As the pathogenesis of RA has 
been better understood and key transcription factors 
in the differentiation and development of different T 
cell subsets have been examined, Th17 and regulatory 
T cells (Tregs) have been found to play an important 
role in mediating the inflammatory response, articular 
cartilage and bone destruction, and bone erosion in RA 
(17,18).
 Th17 cells can secrete interleukin-17 (IL-17) as 
well as cytokines such as IL-21 and IL-22. IL-17 can 
aggravate the inflammatory response and it participates 
in many autoimmune diseases. IL-17 expression 
increased significantly in the serum and joint fluid 
of patients with RA, which promoted synovial cells 
to secrete a variety of inflammatory cells to make 
chondrocytes to synthesize matrix, enhance osteoclast 
activity, and cause bone erosion (19). Tregs are a 
subgroup of CD4+ T cells with immunosuppressive 

activity. Treg cells can inhibit T cells and antigen-
presenting cells by releasing the cytokines IL-10 and 
TGF-β and by reducing the production of inflammatory 
cytokines and antibody secretion, thereby exhibiting 
an immunosuppressive effect. Th17 and Treg cells 
can transform each other under specific cytokine 
microenvironment conditions. CD4+T cells can 
differentiate into Treg cells when induced with TGF-β 
alone. When IL-6 is also present, it can induce RORγt 
expression, inhibit Treg cell production, and promote 
the differentiation of initial CD4+T cells into Thl7 
cells (20). Therefore, the body's immune status can 
be regulated and the pathogenesis and progression 
of RA can be managed by controlling differing 
factors in the Th17 cell environment, inhibiting Th17 
cell differentiation and proinflammatory cytokine 
expression, enhancing Treg activity, and regulating 
the balance of Th17 cells/Tregs in the body. This may 
provide a new therapeutic direction for prevention and 
control of RA.

2.1.2. B cells

In patients with RA, citrulline antigen-oriented B 
cells and B cells that react with citrulline antigens 
have significant effects in vitro (21). This citrullinated 
antigen-directed B cell response contributes to the 
initiation and persistence of inflammatory processes. 
Thus, the ACPA response is the major humoral immune 
response associated with RA (22). An abnormal 
dynamic between immune cells leads to abnormal 
aggregation of activated T cells, B cells, mast cells, 
neutrophils, macrophages, and cells entering APCs, 
which contribute to the cellular immune response in the 
course of RA (23).

2.1.3. Macrophages

Macrophages are full-time antigen-presenting cells that 
activate T cells through their costimulatory molecules 
such as CD80/86 and CD40. Macrophages play an 
important role in many inflammatory responses, and 
their number is strongly associated with symptoms of 
RA and joint damage (24). Macrophages abound in the 
synovium and cartilage pannus of inflamed joints. The 
increased number of macrophages in RA may be due 
to the lack of apoptosis. Macrophages in synovial fluid 
of patients with RA overexpress the FADD-like IL-1 
invertase inhibitor protein (FLIP), which prevents tumor 
necrosis factor receptor FAS-mediated macrophage 
apoptosis. Moreover, macrophage activation, such 
as through overexpression of MHCⅡ molecules, 
produces proinflammatory cytokines, chemokines, 
macrophage inflammatory protein-1 (MIP-1), 
monocyte chemoattractant protein-1 (MCP-1), matrix 
metalloproteinases (MMPs), and neopterin, which can 
exacerbate inflammatory responses (25).
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produced by epithelial cells is indispensable for the 
development of tissue macrophage-like cells (34). 
Interestingly, recent studies indicated that IL-34 is also 
expressed in synovial fibroblasts and the sublining 
and intimal lining of the synovium in patients with 
RA. IL-34 expression is also significantly correlated 
with synovitis severity (35). IL-34 levels in fibroblast-
like synoviocytes (FLS), serum, and synovial fluid are 
significantly increased in patients with RA compared 
to healthy individuals and patients with osteoarthritis 
(OA) (36-39), and IL-34 levels are associated with 
total leukocytes in synovial fluid (35). In addition, 
serum IL-34 levels in patients with RA are positively 
correlated with rheumatoid factor and anti-cyclic 
citrullinated peptide antibody titers (40). Therefore, an 
abnormal level of IL-34 may be an effective marker 
of RA activity, and real-time fluorescence quantitative 
PCR may reveal a high level of IL-34 expression in 
osteoblasts. These studies have clearly indicated that 
IL-34 plays a role in the pathogenesis of RA.

2.2.2. TNF-α

Animal experiments (41) have demonstrated that 
TNF-α overexpression can cause severe arthritis in 
mice and that TNF-α suppression can prevent its 
development. Drugs that block TNF-α activity can 
alleviate the clinical symptoms of RA. In the affected 
joints of patients with RA, TNF-α promotes IL-6 
production in synovial cells and co-induces vascular 
endothelial growth factor. TNF-α is encoded in 
the major histocompatibility complex (MHC). The 
presentation of peptides by the MHC is dictated by the 
TNF-α gene, which may be related to the therapeutic 
effect of blocking TNF-α.

2.2.3. Chemokines

Chemokines are inducible pro-inflammatory cytokines 
and are divided into four subgroups: CXC, CC, C, and 
CX3C (42). Chemokines and chemokine receptors play 
a key role in leukocyte migration into inflammatory 
tissues. Chemokines CCL5 and CCL15 belong to the 
CC subgroup. The increased specificity of CCL5 and 
CCL15 in RA may be related to the infiltration and 
aggregation of Th1 cells in inflamed joints. CXCL16 
of the chemokine CXC subfamily increases in the 
synovial membrane and plays an important role in T 
cell aggregation and synovial inflammation. Therefore, 
CXCL16 may become a new target for RA therapy. 
IL-8 normal T cells in in the serum of patients with 
rheumatoid synovitis have significantly higher levels 
of regulatory activation chemokines (RANTES) and 
McP-1 than those in patients with other types of 
synovitis, and serum levels of IL-8 and RANTES are 
associated with rheumatic synovitis in different tissue 
types (43).

2.2. Factors related to RA

A variety of cytokines play important roles in the 
development and progression of RA. Cytokines such 
as interleukin-1 (IL-1), IL-6, IL-17, and tumor necrosis 
factor α (TNF-α) promote osteoclast production, 
whereas cytokines such as interferon-α (IFN-α), IFN-β, 
and IFN-γ antagonize this cell production, thereby 
regulating the bone balance and participating in bone 
and cartilage destruction and repair. In addition, 
cytokines can directly or indirectly regulate immune 
active cells or regulatory T cells and participate in 
regulation of the inflammatory response. A variety of 
cytokine-targeting biological agents has been developed 
to achieve disease relief in patients with RA.

2.2.1. Interleukins (IL)

IL-6 is produced by a variety of cells such as endothelial 
cells, fibroblasts, keratinocytes, chondrocytes, some 
tumor cells, and immune cells including monocytes, 
macrophages, T cells, and B cells. High levels of IL-6 
are detected in the blood and synovial fluid of most 
patients with RA. IL-6 promotes the secretion of ROS 
and protease by neutrophils, increases inflammation, 
and causes joint injury (26). In addition, IL-6 stimulates 
osteoclast differentiation by activating RANKL-
dependent or independent mechanisms (27). Hence, 
IL-6 may be related to osteochondral destruction and 
osteoporosis in patients with RA. A current RA therapy 
blocks IL-6 and IL-6R (28,29). Humanized anti-IL-6R 
antibodies can block the binding of IL-6 and IL-6R and 
affect the role of IL-6. Therefore, interfering with IL-6 
activity is a treatment approach for RA (30).
 IL-37 levels in plasma or peripheral blood 
mononuclear cells (PBMCs) in patients with RA are 
significantly higher than those in healthy controls and 
increase with increased disease activity (31,32). IL-
37 levels in plasma of patients with RA are positively 
correlated with levels of TNF-α, IL-6, IL-17A, and 
C-reactive protein as well as the Disease Activity Score 
in 28 joints (DAS28) but are significantly reduced 
after DMARD treatment. Wang et al. (33) found 
higher levels of IL-37+CD4+ T cells, total IL-37+ 
lymphocytes, IL-18Rα+CD4+ cells, IL-18Rα+ CD4– 
cells, and total IL-18Rα + lymphocytes in the PBMCs 
of patients with RA than in those in the healthy 
control group. Patients with RA have higher IL-37 
levels than healthy individuals, but in vitro and in vivo 
experiments indicated that IL-37 has anti-inflammatory 
action. When patients receive DMARD, their IL-
37 level decreases, indicating that the increase in IL-
37 expression in RA is a feedback increase, that is, a 
response that limits disease severity.
 The cytokine IL-34 has recently been found to 
have multiple effects on the immune system. Although 
research is still in the preliminary stage, the IL-34 
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2.2.4. Interferon (IFN)

IFN-γ has a wide range of immunomodulatory actions 
that can activate NK cells, improve their killing ability, 
and induce the expression of macrophages, T cells, 
B cells and other cells, thus improving their ability to 
present antigens. The level of serum IFN-γ in patients 
with RA is reported to be significantly higher than that in 
healthy controls (44).

2.3. JAK/STAT signaling pathway

Four members (JAK1, JAK2, JAK3, and TYK2) of 
the JAK family and seven members (STAT 1-4, STAT 
5A/B, and STAT 6) of the STAT family are found in 
mammals. They share a structurally and functionally 
common region, called the JAK homologous (JH) 
region (Figure 1). JAK/STAT proteins are ubiquitous, 
and different combinations of them respond to specific 
cytokine or growth factor signals, guaranteeing a high 
level of specificity with different roles in vivo (45-47). 
IL-6/JAK/STAT mechanisms of signaling cascades allow 
direct communication between transmembrane receptors 
and nuclei, which can be summarized in the following 
steps (Figure 2): IL-6 ligands bind IL-6r-Gp130 

receptor complexes and activate JAK tyrosine kinases 
recruited to their receptor intracellular regions. Once 
a JAK protein is activated, it undergoes dimerization, 
it phosphorylates tyrosines, and it activates its main 
substrate, the STAT protein. Tyrosine-phosphorylated 
STAT proteins homo- or hetero- dimerize and shift to the 
nucleus, where they interact with coactivators and bind 
to specific regulatory elements in the promoter regions 
of thousands of different target protein-coding genes, as 
well as micro-RNAs and long noncoding RNAs. STAT 
activity is regulated by phosphorylation, acetylation, and 
methylation, promoting STAT dimer stabilization, DNA 
binding, interaction with transcription costimulatory 
factors, and target cell expression (48-50). Negative 
regulators of JAK/STAT signaling provide further 
levels of control, guaranteeing cell feedback inhibition 
that can induce specific cytokine receptor signaling 
(45,51,52). Indeed, a soluble IL-6 receptor (SIL-6R), 
including its extracellular portion, can bind IL-6 and IL-
6-SIL-6R complexes and activate gp130 homodimers in 
cells lacking membrane-bound IL-6R (53,54). Hence, 
JAK/STAT signaling cascades provide a significant 
direct and tuned translation of extracellular signals into 
transcriptional responses in many cells.
 Levels  of  cytokines IL-6,  IL-15,  IFN, and 
granulocyte-macrophage colony stimulating factor (GM-
CSF), which are involved in pathogenesis of synovial 
inflammation and joint destruction, increase significantly 
in patients with RA (55). These factors can activate JAK/
STAT1 signaling pathways, IL-6, IL-15, IL-10, and 
IFN binding to JAK1, as well as platelet-derived factor 
(PDGF), EGF, GM-CSF, and IL-6 binding to JAK3. 
Using immunohistochemistry, Kasperkovitz et al. (56) 
verified that the total STAT1 protein level in the synovial 
tissue of patients with RA was significantly higher than 
that in patients with OA and was mainly expressed in T 

Figure 1. JH domains and JAK3 phosphorylation sites found 
in JAK/STAT proteins. FERM, four-point.1-ezrin-radaxin-moesin 
domain; JAK, Janus kinase; JH, JAK homology; kinase-like, 
pseudokinase domain; SH2, Src homology domain; Tyr kinase, tyrosine 
kinase domain.

Figure 2. IL-6 signaling pathways (58).
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cells and B cells at the site of inflammatory infiltration 
as well as in FLS in the intimal lining of the synovium. 
Activation of the STAT signaling pathway in the 
synovial membrane may be achieved by inducing STAT1 
expression to promote synovial inflammation. However, 
Krause et al. (57) found that a STAT3 deficiency 
induces accelerated apoptosis of RA-FLS, suggesting an 
important role of STAT3 in RA-FLS. Thus, STAT may 
have dual regulatory effects on exacerbating symptoms 
and protecting joints in synovial inflammation associated 
with RA.
 IL-6 binds to membrane-bound IL-6 receptors (IL-
6R), inducing the formation of a heterodimer complex 
consisting of two molecules each of IL-6, IL-6R, and 
IL-6 receptor subunits (gp130). Formation of this 
complex leads to activation of the JAK/STAT3 signaling 
pathway, resulting in target gene transcription. Soluble 
IL-6R (SIL-6R) binds to IL-6 in the signaling pathway. 
SIL-6R can be produced by alternative splicing of IL6R 
mRNA or cleavage of disintegrin and metalloprotein-
containing domain protein 170 (ADAM10) or cleavage 
of IL-6R by ADAM17. When IL-6 binds to SIL-6R, 
the complex is able to bind to gp130 and induce its 
dimerization, thereby activating downstream signaling 
pathways. While IL-6R is expressed in limited cell types, 
gp130 is widely expressed. IL-6 acts on cells with limited 
or missing IL-6R expression through SIL-6R transfer. 
IL-6 transduction signals can be negatively regulated by 
soluble gp130 (sgp130), which is produced by alternative 
splicing. Gp130 competes with the membrane binding of 
IL-6-SIL-6R complexes, thereby inhibiting IL-6 signal 
transduction but not classical IL-6 signaling pathways.

3. Immunotherapy and therapeutic drugs for RA

3.1. NSAIDs

NSAIDs are commonly used in autoimmune diseases 
such as RA and ankylosing spondylitis (AS) and can 
effectively reduce the clinical symptoms and signs of 
disease and eliminate local joint inflammation. However, 
such drugs can only treat the symptoms rather than 
the causes of disease and cannot control the activity or 
progression of the disease. Common adverse reactions 
to NSAIDs include central nervous system symptoms 
(pain, dizziness, tinnitus, etc.), cardiovascular damage 
(high blood pressure, edema, myocardial infarction, heart 
failure, etc.), gastrointestinal symptoms (abdominal pain, 
poor appetite, vomiting, ulcers, bleeding, etc.), changes 
in the hematopoietic system (thrombocytopenia), liver 
and kidney dysfunction, asthma, and skin eruptions. 
Following aspirin, many NSAIDs have been developed 
for clinical use (59).

3.2. Conventional DMARDs

Conventional DMARDs commonly used in clinical 

practice include methotrexate (MTX), leflunomide 
(LEF), cyclophosphamide (CTX), azathioprine (AZA), 
cyclosporin A (CsA), mycophenolate mofetil (MMF), 
tacrolimus (FK506), and salazosulfapyridine (60). 
These drugs are widely used in autoimmune diseases, 
chronic kidney disease, transplant rejection, and tumors. 
Although the chemical structures and pharmacological 
mechanisms of the various conventional DMARDs differ, 
they work in a similar slow-acting manner, inhibiting 
the progression of RA after a few weeks or months and 
allowing the symptoms and signs of the disease to remain 
relatively stable for a long time. LEF mainly inhibits the 
activity of dihydroorotate dehydrogenase, it affects the 
synthesis of lymphocytic pyrimidine, and it alleviates the 
clinical symptoms and improves the laboratory markers 
of RA.

3.3. Glucocorticoids (GCs)

GCs are widely used in RA and can have potent anti-
inflammatory and immunomodulatory actions, reduce the 
number of mononuclear macrophages in the circulatory 
system, reduce inflammatory factor and prostaglandin 
synthesis, and reduce Fc receptor expression (61). At the 
same time, GCs can prevent inflammatory cell exudation, 
reduce osteoclast formation, and reduce articular 
cartilage destruction. GCs have potent therapeutic 
action on immune cells, humoral factors, osteoblasts, 
and chondrocytes. GCs are divided into endogenous 
GCs and exogenous GCs. Endogenous GCs are a class 
of steroid hormones secreted by the adrenal cortex 
in the physiological state and include cortisone and 
hydrocortisone. Exogenous GCs such as dexamethasone 
and methylprednisolone are often used to treat RA.

3.4. Biological agents

Biological agents act as therapeutic agents by blocking 
key inflammatory cytokines or cell surface molecules, 
such as monoclonal antibodies targeting IL-1, IL-6, 
TNF-α, and IL-17, anti-CD20 monoclonal antibodies, B 
lymphocyte-stimulating factor (BAFF) inhibitors, T cell 
inhibitors, integrin monoclonal antibodies, and selective 
adhesion molecule inhibitors (4).

3.4.1. T cell inhibitors

Abatacept, a fusion protein consisting of the Fc region 
of IgG1 and the extracellular domain of CTLA4, is 
a selective T-cell co-stimulation inhibitor. Abatacept 
inhibits T cell activation by binding to CD80 and 
CD86 on antigen-presenting cells, thereby inhibiting 
the production of inflammatory factors such as TNF-α, 
IFN-γ, and IL-2. It can be used clinically to treat 
patients with moderate to severe active RA who have 
not sufficiently responded to one or more conventional 
DMARDs, as well as patients with juvenile idiopathic 
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arthritis (JIA). Abatacept can reduce serum LL-6, RF, 
C-reactive protein, MMP-3, and TNF- levels, delay the 
process of structural destruction of tissue, and reduce the 
symptoms and signs of RA.

3.4.2. Targeted B-cell therapy

In 2004, the first randomized, double-blind, placebo-
controlled trial of rituximab in patients with long-term 
active RA noted significant results when rituximab was 
combined with MTX or CTX (62). In addition, a clinical 
study by the current authors examined the efficacy and 
safety of different doses of rituximab combined with 
MTX (with or without glucocorticoids) in patients 
with active RA who did not respond to conventional 
DMARDs; both low and high doses of rituximab were 
effective and well-tolerated (63,64).
 Rituximab combined with MTX in one course of 
treatment can significantly slow the clinical progression 
of disease activity and alleviate radiation injury in 
patients with RA not sufficiently responding to anti-
TNF-α therapy (65). An open-label prospective study 
further confirmed that rituximab is a therapeutic option 
for patients, and especially for seropositive patients (CCP- 
or RF-positive patients), with no response to single-dose 
TNF-α inhibitors (66).

3.4.3. IL-6 inhibitors

Tozumab is an anti-IL-6 receptor monoclonal antibody 
that can inhibit IL-6-mediated signaling by binding 
to IL-6 transmembrane receptors and inhibiting the 
production of autoantibodies such as rheumatoid factor 
(RF) and ACPA. It is mainly used to treat moderate and 
severe RA as well as JIA. With the success of TOCili-
Zumab, multiple biological agents targeting the IL-6 
signaling pathway are being developed for treatment 
of RA. The main adverse reactions to IL-6 inhibitors 
include an infusion reaction, infection, tumor risk, 
gastrointestinal ulcer, dyslipidemia, elevated liver 

transaminase, and neutropenia (67).
 Tofacitinib is a novel oral Janus kinase (JAK) 
inhibitor mediated by JAK1, JAK3, STAT1, and 
STAT3 via the IL-6/GP130/STAT3 signaling pathway. 
Tofacitinib is effective in relieving arthritis symptoms 
in patients with RA, and both the Food and Drug 
Administration (FDA) and European Medicines Agency 
(EMA) have approved oral administration of tofacitinib 
for the treatment of RA (27,68). In addition, tofacitinib 
can down-regulate the production of pro-inflammatory 
cytokines IL-17 and IFN-r and the proliferation of 
CD4+T cells in patients with RA (69,70).
 Global data have indicated that patients with RA 
with an inadequate or poorly tolerated response to anti-
TNF-α inhibitors can usually be effectively managed 
by switching to drugs with new mechanisms of action, 
such as IL-6R inhibitors (71). IL-6 blockade of signaling 
pathways (via tocilizumab, which is a monoclonal 
antibody that binds to IL-6 receptors) can enhance Tregs 
and inhibit monocyte IL-6 mRNA expression, thereby 
inducing monocyte apoptosis (72-74). Samalizumab, 
a monoclonal antibody against IL-6R in humans, was 
effective and safe in patients with RA with a limited 
response to MTX in randomized clinical trials (75,76). 
Other IL-6 inhibitors are shown in Table 1.

3.4.4. Anti-IL-12/23 monoclonal antibody

TGF-β, IL-23, and pro-inflammatory cytokines play a 
role in driving and regulating the human Th17 response 
in RA (77,78). In addition, an increased Th17 cell count 
and poor clinical outcomes in patients with RA are 
associated with IL4R gene variation (79). Therefore, 
IL-12 and IL-23 participate in the pathogenesis of RA 
and may be considered potential molecules for immune 
targeting of RA. Currently, the most widely used anti-
IL-12/23 antibody is ustekinumab, which was approved 
by the US FDA for the treatment of psoriasis in 2009 
and which has clinical efficacy significantly superior to 
that of other biological agents (80). Other anti-IL-12/23 

Table 1. Biological agents targeting cytokines

Cytokine

IL-6

IL-1

IL-12/23

TNF-α

Drug

Tocilizumab
Sarilumab
Clazakizumab
ALX-0061

Anakinra

Ustekinumab
Canakinumab

Infliximab
Adalimumab
Etanercept
Golimumab
Certolizumab

Phase

Appeared on the market in 2010
  Phase III

    Phase II B
Phase II

Appeared on the market in 2001

Appeared on the market in 2005
Appeared on the market in 2009

Appeared on the market in 1998
Appeared on the market in 2002
Appeared on the market in 1998
Appeared on the market in 2009
Appeared on the market in 2008

Mechanism of action

Inhibit IL-6-mediated signaling involving ubiquitous signal-transducing 
gp130 and STAT3

Blocks IL-1 binding to IL-1RI, resulting in intracellular signaling

Bind to the cytokines IL-12 and IL-23 and down-modulate lymphocyte 
function

Induce antibody-dependent cytotoxicity (ADCC); the complement 
pathway triggers cell-dependent cytotoxicity (CDC) and targets immune 
cell apoptosis
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monoclonal antibodies are shown in Table 1.

3.4.5. TNF-α inhibitors

The strategy of blocking TNF-α was introduced into 
clinical practice at the end of the last century and 
revolutionized the treatment of RA and many other 
inflammatory conditions. Steeland et al. recently 
conducted an impressive review of the successful use 
of tumor necrosis factor inhibitors including etanercept, 
infliximab, adamab, cetuximab, and golimumab in RA 
therapy (81). Infliximab, adalimumab, and golimumab 
are full-length monoclonal antibodies. In addition 
to blocking the growth of tumor cells, they act as Fc 
effectors. They induce antibody-dependent cellular 
cytotoxicity (ADCC), trigger complement pathways that 
lead to cell-dependent cytotoxicity (CDC), and target 
immune cell apoptosis. Etanercept is a soluble TNF 
receptor that contains truncated Fc domains and that does 
not contain IgG1 CH1 domains; therefore, etanercept 
induces less potent ADCC and CDC than monoclonal 
antibodies such as infliximab (82).
 The total number of B cells in the blood of patients 
with RA is lower than that in healthy controls but it 
is significantly higher (normal) in patients receiving 
antitumor necrosis factor therapy. Cardiovascular disease, 
including heart failure and infection, is the leading cause 
of disability and death in patients with RA (83). Patients 
treated with anti-TNF or MTX alone appear to have 
a further risk of severe infection, such as tuberculosis 
(84,85). Therefore, anti-TNF-α inhibitory therapy is 
contraindicated in all patients with heart failure, which 
represents a considerable proportion of patients with 
RA (86). Despite the risks associated with anti-TNF-α 
therapy, it is the treatment of choice for patients with 
RA when MTX does not provide relief. Other TNF-α 
inhibitors are shown in Table 1.

3.5. Small molecule inhibitors targeting JAK

3.5.1. Decernotinib

Decernotinib is a next-generation jakinib, and kinase 
assays revealed its 5-fold selectivity for JAK3 compared 
to JAK1, JAK2, and TYK2 (87). Decernotinib yielded 
satisfactory results in animal models of autoimmune 
diseases (88) and thus entered clinical trials for treatment 
of RA.
 Decernotinib appears to offer promise in the 
treatment of RA. Phase II trials indicated that a 50-150 
mg dose of decernotinib BID improved the American 
College of Rheumatology (ACR) response criteria and 
DAS28 joint count for RA with CRP (DAS28-CRP) 
compared to a placebo. Adverse events reported were 
similar to those caused by first-generation jakinibs, 
such as infection, rhinitis, and hyperlipidemia (89-
91). Anemia was not observed, which is consistent 
with decernotinib's selectivity for JAK3 over JAK2. 
Surprisingly, many patients developed neutropenia, 
which indicates that the drug may have some off-target 
effects (87). Recent phase IIb studies have indicated 
that decernotinib with conventional DMARDs can 
alleviate synovitis and osteitis in patients with RA (92).

3.5.2. Filgotinib (GLPG0634)

Filgotinib inhibits JAK1 and JAK2 in CBC and kinase 
assays, but is 30-fold more selective for JAK1 (89). 
In vitro studies also demonstrated its dose-dependent 
inhibition of Th1, Th2 and, to a lesser extent, Th17 cell 
differentiation.
 Filgotinib is currently being studied as a potential 
treatment for RA (93). A phase IIa study indicated that 
filgotinib was more effective than the placebo at a daily 
dose of 30 mg or higher (89,94). This was followed by 
two phase IIb trials: Darwin 1 and Darwin 2. Darwin 
1 was a study of 595 patients with RA receiving MTX 
who were also given filgotinib in a dose ranging from 
50 to 100 mg per day. The Darwin 2 study evaluated 
filgotinib monotherapy in 280 patients with RA at 
doses ranging from 50 to 200 mg per day (89). In 
both studies, filgotinib outperformed the placebo in 
controlling disease activity according to the ACR 20/50 

Table 2. Small molecule inhibitors targeting JAK

JAK inhibitor

Tofacitinib

Baricitinib

Filgotinib

Peficitinib

SHR0302

Molecular target

JAK1, JAK3

JAK1, JAK2

JAK1

JAK1, JAK3

JAK1

Phase

Appeared on the market in 2017

Appeared on the market in 2018

Phase III

Phase III

Phase II

Mechanism of action

Interferes with the binding of IL-6 to the IL-6Rα/gp130 complex, STAT 
proteins

Blocks intracellular signaling, facilitates the turnover of active 
(phosphorylated) STAT1 and STAT3

Blocks intracellular signaling, facilitates the turnover of active 
(phosphorylated) STAT1

Interferes with the binding of IL-6 to the IL-6Rα/gp130 complex, STAT 
proteins

Blocks intracellular signal transduction, facilitates the turnover of 
active (phosphorylated) STAT1
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criteria, DAS28-CRP, the Simplified Disease Activity 
Index (SDAI), and the Clinical Disease Activity Index 
(95,96). Other small molecule inhibitors targeting JAK 
are shown in Table 2.

4. Summary and prospects for the future

NSAIDs, GCs, conventional DMARDs, biological 
agents, and other drugs for treatment of RA have 
definite efficacy but are associated with adverse 
reactions such as immunosuppression, infection, and the 
development of new tumors. Therefore, development 
of anti-inflammatory immunomodulatory drugs for 
soft regulation of inflammatory immune responses 
(SRIIR) is important. SRIIR drugs selectively control 
physiological tissue and cell function and promote 
recovery from pathological gene and protein changes. 
Their mechanism may involve one or more key 
signaling molecules regulating abnormal signaling 
pathway activity, thus appropriately restoring the static 
balance of the human body. When SRIIR drugs are used 
clinically, they can reduce adverse reactions without 
diminishing physiological function. Paeoniflorin - 
6-oxybenzenesulfonic acid ester (code name CP-25) 
comes from the structural modification of paeoniflorin, 
an active ingredient of an herbal medicine (97). Cp-
25 can suppress inflammation associated with adjuvant 
arthritis in rats and collagen-induced arthritis in mice by 
down-regulating inflammatory mediator production and 
the immune response, reducing bone damage (98,99). 
In vitro, CP-25 can inhibit TNF-α or PGE2 stimulation 
of mature dendritic cells by regulating the expression 
of CD40, CD80, CD83, CD86, and MHC- Ⅱ. Cp-25 
can down-regulate BAFF-stimulated proliferation of B 
cells, including CD19+ B cells, CD19+ CD20+ B cells, 
CD19+ CD27+ B cells, and CD19+CD20+CD27+ B 
cells, and inhibit the expression of BAFFR, TRAF2, 
and P52. Compared to etanercept and rituximab, CP-25 
moderately down-regulates the abnormal rise in B-cell 
proliferation.
 In conclusion, further understanding of the 
pathological mechanism of autoimmune diseases 
and the discovery of new drug targets has led to the 
rapid development of new biological agents targeting 
cytokines and cell surface molecules in addition to 
NSAIDs, SAIDs and conventional DMARDs. Biological 
agents such as monoclonal antibodies targeting IL-1, 
IL-6, TNF-α, IL-17, and CD20, BAFF inhibitors, T cell 
inhibitors, integrin monoclonal antibodies, and selective 
adhesion molecular inhibitors exhibit therapeutic action 
by blocking inflammatory cytokines or cell surface 
molecules.
 Several small molecule drugs targeting the JAK/
STAT signaling pathway such as tofacitinib, baricitinib, 
upadacitinib, and filgotinib (see Table 2) have also been 
developed and used in clinical practice in recent years. 
Although these drugs are effective, they also cause 

adverse reactions such as gastrointestinal symptoms, 
immunosuppression, myelosuppression, and infection. 
The focus now is on developing an SRIIR with anti-
inflammatory immunomodulatory action. Cp-25 may 
be a new SRIIR with the potential to treat autoimmune 
diseases. SRIIRs, which control excessive activation 
of inflammatory immune response-related cells 
without harming their physiological function, are a 
new therapeutic strategy and a major direction for 
development of drugs to treat autoimmune diseases.
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