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	� ARTHRITIS

Immunomodulatory role of T helper cells 
in rheumatoid arthritis

A COMPREHENSIVE RESEARCH REVIEW

Rheumatoid arthritis (RA) is an autoimmune disease that involves T and B cells and their 
reciprocal immune interactions with proinflammatory cytokines. T cells, an essential part of 
the immune system, play an important role in RA. T helper 1 (Th1) cells induce interferon-γ 
(IFN-γ), tumour necrosis factor-α (TNF-α), and interleukin (IL)-2, which are proinflammatory 
cytokines, leading to cartilage destruction and bone erosion. Th2 cells primarily secrete IL-4, 
IL-5, and IL-13, which exert anti-inflammatory and anti-osteoclastogenic effects in inflam-
matory arthritis models. IL-22 secreted by Th17 cells promotes the proliferation of synovial 
fibroblasts through induction of the chemokine C-C chemokine ligand 2 (CCL2). T follicular 
helper (Tfh) cells produce IL-21, which is key for B cell stimulation by the C-X-C chemokine 
receptor 5 (CXCR5) and coexpression with programmed cell death-1 (PD-1) and/or induc-
ible T cell costimulator (ICOS). PD-1 inhibits T cell proliferation and cytokine production. In 
addition, there are many immunomodulatory agents that promote or inhibit the immuno-
modulatory role of T helper cells in RA to alleviate disease progression. These findings help 
to elucidate the aetiology and treatment of RA and point us toward the next steps.
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Article focus
	� This article reviews the immune function 

and mechanism of T helper (Th) cells in 
rheumatoid arthritis (RA).

Key messages
	� Various Th cells are involved in the patho-

genesis of RA.
	� Some Th cells promote inflammation, 

while others suppress it.
	� Research into the role of Th cells in RA 

could lead to new drugs.

Strengths and limitations
	� This paper reviews the role of Th cells in 

the pathogenesis of RA and provides new 
ideas for the treatment of RA.
	� As all the studies included are in English, 

the literature in this review may not be 
sufficiently comprehensive.

Introduction
Rheumatoid arthritis (RA) is a common auto-
immune disease characterized by synovial 
inflammation and hyperplasia, autoantibody 
production, cartilage and bone destruction, 
and systemic features, including cardiovas-
cular, pulmonary, psychological, and skel-
etal disorders.1 Although the aetiology of RA 
is unknown, T and B cells and their reciprocal 
immune interactions with proinflamma-
tory cytokines are thought to be involved in 
the pathophysiology of RA.2,3 For example, 
in pathologically inflamed non-lymphoid 
tissues, peripheral T helper (Th) cells promote 
B cell responses and antibody production.4

CD4+ Th cells are an essential and complex 
component of the immune system that 
proliferate and spread to activate other types 
of immune cells to produce direct immune 
responses.5 Cytokines are central mediators 
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of the immune response, and CD4+ Th cells are special-
ized cytokine-producing cells. Through the production of 
effector cytokines, Th cells play a key role in the adaptive 
immune response to infection.6

Th cells are clearly involved in the pathophysiological 
process of RA, and their involvement has been the focus of 
discussion, with the immune regulation of Th cells in RA 
having been extensively studied. Because understanding 
the immune regulation of Th cells in the pathogenesis 
of RA is important for exploring the pathophysiological 
process of RA and developing therapies for long-term 
remission in terms of clinical relevance and basic theory, 
the purpose of this review article is to discuss how Th 
cells are immunomodulated during the pathogenesis 
and treatment of RA.

RA pathogenesis
RA involves a complex interplay between genotype 
and environmental triggers. For example, studies on 
twins suggest a genetic component of RA, with a 15% 
to 30% chance of concurrent RA in identical twins and 
5% in dizygotic twins. In addition, genome-wide analysis 
has shown that immunomodulatory factors underlie the 
disease (Figure 1).7

One of the features of RA is persistent synovitis, which 
is caused by a continuous influx of immune cells into 
the joints.8,9 Synovitis occurs when leucocytes infiltrate 

the synovial cavity. Endothelial cell activation in synovial 
microvessels promotes cell migration, which increases 
the expression of adhesion molecules, including inte-
grins, selectins, and members of the immunoglobulin 
superfamily, as well as chemokines.1 Therefore, neoan-
giogenesis induced by local hypoxic conditions and 
cytokines, as well as inadequate lymphangiogenesis that 
limits cellular exit, are characteristic of early synovitis.10,11 
These microenvironmental changes, combined with deep 
synovial structural reorganization and local fibroblast 
activation, allow the formation of synovial inflammatory 
tissue in RA. In this context, effector T cells, together with 
B cells and other innate effector cells, form a complex 
network that promotes the production of proinflamma-
tory cytokines, which trigger the activation of resident 
fibroblast-like synovial cells and lead to cartilage and 
bone damage.12 Marzaioli et al13 found that the frequency 
of synovial CD4+ CD8dim T cells correlates with RA disease 
activity. Natural immune cells, such as neutrophils and 
mast cells, contribute to the development of synovitis, 
as do macrophages.14-16 In addition to the classic M1 
and M2 macrophages, there are also tumour-associated 
macrophages, CD169+ macrophages,  and T cell 
receptor+ (TCR+) macrophages.17 The recently described 
MER proto-oncogene tyrosine kinase+ (MerTK+) and 
MerTK-tissue-resident memory (TRM) subsets have also 
been demonstrated to have different effects on synovial 

Fig. 1

The immune cells involved in the regulation of rheumatoid arthritis (RA). The development of RA involves the interaction of genotype and environmental 
triggers. Both environmental and genetic factors cause alterations in gene expression, thereby causing the development of RA. Effector T cells, together with 
B cells and other innate effector cells, form a complex network that promotes the production of pro-inflammatory cytokines, which trigger the activation of 
resident fibroblast-like synovial cells and lead to cartilage and bone damage. Neutrophils and mast cells, along with macrophages, play an important role in 
the development of synovitis.
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fibroblast repair and inflammatory response.17 In addi-
tion, synovial tissue macrophages are involved in the 
immune regulation of RA pathogenesis.18 Several cyto-
kines are also involved in the development of RA, such as 
interleukin (IL)-4 and IL-13, which activate Th cells, IL-5, 
which induces proliferation of eosinophils, IL-33, which 
mediates polarization of macrophages, IL-10 production 
by regulatory B cells, IL-27, which mediates inhibition of 
lymphoid follicle formation, and other cytokine-mediated 
processes involved in the regulation of inflammation in 
RA.19 In RA, the leucocyte-derived cytokine TNF interacts 
with IL-17A to activate fibroblasts as a major source of the 
signature cytokine IL-6.20

Loss of normal synovial protection alters the protein-
binding characteristics of the cartilage surface, promoting 
adhesion and invasion by fibroblast-like synoviocytes 
(FLSs), and the proliferation of FLSs is the main cause of 
invasive pannus formation in RA pathogenesis.21,22 FLSs 
synthesize matrix metalloproteinases (MMPs), particu-
larly MMP-1, -3, -8, -13, -14, and -16, promoting break-
down of the type II collagen network, a process that 
alters glycosaminoglycan content and water retention, 
directly leading to biomechanical dysfunction.23 A recent 
study found that overexpressed microRNA (miR)-486 
accelerates the reduction of aggregative proteoglycan by 
upregulating the expression of A disintegrin and metal-
loproteinase with thrombospondin motifs-4 (ADAMTS4) 
and MMP-13, resulting in more decomposition of chon-
drocytes.24 Transforming growth factor-β2 (TGF-β2) not 
only promotes cartilage repair by promoting collagen 
and fibronectin synthesis and downregulating protease 
synthesis, but also inhibits lymphocyte entry into arthritic 
joints of RA.25 In addition, articular cartilage itself has 
limited regenerative potential. Chondrocytes physio-
logically regulate matrix formation. Under the influ-
ence of synovial cytokines, especially IL-1 and IL-17A, 
and reactive nitrogen intermediates, chondrocytes 
undergo apoptosis. These processes eventually lead to 
the destruction of surface cartilage and the manifesta-
tion of joint space narrowing. Zhang et al26 found that 
tert-butylhydroquinone can promote chondrocyte differ-
entiation by inhibiting chondrocyte apoptosis and inhib-
iting apoptosis inflammation. Bone erosion prolongs and 
exacerbates synovial inflammation.27,28 Synovial cyto-
kines promote osteoclast differentiation and invasion 
of the periosteum near the articular cartilage. Destruc-
tion of cortical bone allows synovial access to the bone 
marrow, which leads to bone marrow inflammation and 
gradual arthroplasty of bone marrow fat by T cell and B 
cell aggregates.29

T helper cells are involved in the 
immunomodulatory process of RA
T helper cell profile.  Naive CD4 T cells differentiate into 
distinct Th subpopulations upon activation, producing 
spectrum-specific cytokines.6,30 By producing a unique 
set of cytokines, effector Th subpopulations play a key 
role in coordinating the immune response to various 

challenges and are involved in the pathogenesis of many 
inflammatory diseases, including autoimmunity, aller-
gies, and asthma (Figure 2).31

Th cells are classified according to their cytokine 
profile. Th1 and Th2 cells preferentially produce inter-
feron γ (IFN-γ) and IL-4, respectively.32 Th1’s major cyto-
kine products include IFN-γ, tumour necrosis factor-α 
(TNF-α), and IL-2, which are primarily used for host 
defence against intracellular pathogens and are respon-
sible for the development of some forms of organ-specific 
autoimmunity.33 Th2 cells produce IL-4, IL-5, IL-9, IL-10, 
IL-13, and dual-regulatory proteins.34,35 Another type of 
immunosuppressive T cell that expresses CD25 are regu-
latory T cells (Tregs).36 In addition to CD25, Tregs also 
express cytotoxic T-lymphocyte antigen 4 (CTLA-4) and 
glucocorticoid-induced tumour necrosis factor receptor-
related protein (GITR). A third major CD4 Th effector 
cell population, Th17, was subsequently identified to 
produce IL-17,37 and the signature cytokines of Th17 cells 
include IL-17A, IL-17F, and IL-22. Th17 cell differentiation 
is promoted by IL-1β, IL-6, IL-21, IL-23, and TGF-β. In 
addition, Th17 cells express high levels of interleukin-23 
receptor (IL-23R).38 Another prominent subpopulation of 
Th cells are T follicular helper (Tfh) cells, which promote 
humoral immunity within the germinal centre (GC).39 
Th9 cells develop from primary T cells in the presence 
of TGF-β and IL-4.40 Th9 cells produce not only IL-9, but 
also other cytokines such as IL-10, IL-17, IL-21, and IL-22.40 
Th22 cells, first described by Trifari et al,41 are identified 
by secretion of various cytokines such as IL-13, TNF-α, and 
IL-22. It has been found that the differentiation of Th22 
is mainly mediated by the transcription factor aromatic 
hydrocarbon receptor (AHR).41,42 Th22 cells can secrete 
IL-22, IL-13, IL-26, and TNF-α, but not IL-17, IFN-γ, or IL-4 
(Figure 2).42

Th1 cells are involved in the immunomodulatory mech-
anism of RA.  The involvement of Th1 cells in immune 
regulation in the pathogenesis of RA has been the focus 
of research since Th1 cells were first identified. Several 
cytokines produced during the initial presentation of 
antigens to naive T cells regulate the development of 
Th1 and Th2 cells, with IL-12 and IFN-γ causing a shift 
to a Th1 response and IL-4 directing the progression to 
Th2 cells.43,44 The chronic immune response in RA may 
be driven by activated Th1 cells coupled with insufficient 
Th2 cell differentiation to downregulate inflammation.44 
The imbalance between Th1 and Th2 cells is thought to 
be pathogenic.45 Th1 cells promote the development of a 
proinflammatory microenvironment in the synovium by 
inducing the secretion of proinflammatory cytokines, in-
cluding IFN-γ, TNF-α, and IL-2, ultimately leading to carti-
lage destruction and bone erosion.46 One study reported 
that IFN-γ secretion by Th1 cells in the peripheral blood 
of early untreated RA patients was significantly lower 
than that of healthy controls.47 IL-18 induces IFN-γ pro-
duction in Th1 cells and natural killer cells.48 Janus kinase 
3 (JAK3)-deficient T cells are unable to produce IFN-γ, 
whereas IL-2-activated signal transducer and activator of 



VOL. 11, NO. 7, JULY 2022

IMMUNOMODULATORY ROLE OF T HELPER CELLS IN RHEUMATOID ARTHRITIS 429

transcription 5 (STAT5) is required for IFN-γ secretion.49 
Many studies have confirmed that IL-2 regulates the dif-
ferentiation, development, and expression of both Tregs 
and Th17 cells.50-53 Moreover, the reduced number of 
Tregs in patients with autoimmune diseases is significant-
ly and negatively correlated with disease activity, sug-
gesting that Treg reduction-mediated immune tolerance 
disruption may be an important factor in the pathogen-
esis of RA.54 Studies have shown that the number of Tfh 
cells in the peripheral blood of RA patients is significant-
ly higher than that of healthy controls,55,56 and the pres-
ence of Tfh cells in RA synovial tissue is tightly correlated 
with the severity of synovial pathology,57 suggesting the 

involvement of Tfh cells in the progression of RA. A recent 
study suggests that Th1 cells generate the novel C-X-C 
motif chemokine ligand 9 (CXCL9)/10-producing T-bet+ 
effector B cells that could be an ideal pathogenic B cell 
target for RA therapy.58 It has been shown that deletion 
of B-cell lymphoma (Bcl)-6 prevents CD4+ T  cells from 
differentiating into Tfh cells, suggesting that the master 
transcription factor Bcl-6 is required for Tfh cell devel-
opment.59 Given the expression characteristics of Bcl-6, 
the use of IL-2 effectively inhibits the differentiation of 
Tfh cells.60,61 This is because IL-2 preferentially activates 
STAT5 and inhibits STAT3, leading to reduced binding to 
the Bcl-6 gene.62 On the other hand, IL-2 promotes the 

Fig. 2

The differentiation of the naïve CD4+ T cell. Naïve CD4 T cells differentiate into distinct T helper subpopulations upon activation, producing spectrum-
specific cytokines. Depending on their cytokine profile, different types of Th cells exist. Th1 major cytokine products are interferon-γ (IFN-γ), tumour necrosis 
factor-α (TNF-α), and interleukin (IL)-2. Th2 cells produce IL-5, IL-9, IL-10, IL-13, IL-25, and dual-regulatory proteins. Another type of immunosuppressive 
T cells that can express CD25 are called regulatory T cells (Tregs); in addition to CD25, Treg cells also express cytotoxic T-lymphocyte antigen 4 (CTLA-4) 
and glucocorticoid-induced tumour necrosis factor receptor-related protein (GITR). A third major CD4 Th effector cell population, Th17, was subsequently 
identified to produce IL-17, and the signature cytokines of Th17 cells include IL-17A, IL-17F, and IL-22. Th17 cell differentiation is promoted by IL-1β, IL-6, IL-21, 
IL-23, and transforming growth factor-β (TGF-β). Another prominent subpopulation of Th cells are the T follicular helper (Tfh) cells, which promote humoral 
immunity within the germinal centre (GC). Th9 cells are derived from primary T cells and contain TGF-β and IL-4. TH9 cells produce not only IL-9, but also 
other cytokines such as IL-10, IL-17, IL-21, and IL-22. The differentiation of Th22 is mainly mediated by the transcription factor aromatic hydrocarbon receptor 
(AHR). Th22 cells can secrete IL-22, IL-13, IL-26, and TNF-α.
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expression of Blimp-1, which reduces the expression of 
Bcl-6.61 In inflamed joints, both Th1 and B cells produce 
TNF-α, leading to chronic inflammation, and synovial 
Th1 cells directly contribute to synovitis by producing 
TNF-α.63 In addition, TNF-α stimulates RA pathogenesis 
by promoting dendritic cell differentiation, leading to 
autoantigen presentation to T cells in the synovium of 
RA patients.64 The high levels of TNF-α detected in RA pa-
tients can directly lead to osteoclastogenesis by binding 
to tumour necrosis factor receptor 1 (TNFR1) on osteo-
clast precursors and indirectly through receptor activator 
of nuclear factor-kappaB ligand (RANKL) production.65 
TNF-α further affects bone resorption by mobilizing the 
osteoclast precursor CD11b in the bone marrow and 
by inhibiting osteoblast differentiation and function to 
reduce bone formation.66 However, T cells indirectly af-
fect TNF-α levels primarily through the production of 
cytokines that stimulate other cells to produce TNF-α.12 
In addition, the interaction of T cells with neighbouring 

macrophages and synovial fibroblasts activates these 
cells and induces the production of TNF-α.67 Recent stud-
ies have shown that TNF-α may promote osteoclast bone 
resorption.68 These findings indicate that Th1 cells and 
their effector cytokines play a major role in the immune 
regulation of RA (Figure 3).
Immunomodulatory role of Th2 cells in RA.  Under the 
guidance of the cytokine IL-4, naive Th cells differenti-
ate into Th2 cells, which primarily secrete IL-4, IL-5, and 
IL-13. The anti-inflammatory factor IL-4 secreted by Th2 
cells inhibits the secretion of proinflammatory factors, 
such as IL-1, TNF-a, IL-8, IL-6, and IL-12.69-71 IL-4 also ex-
erts an inhibitory effect on bone resorption by affecting 
the activity and survival of osteoclasts.72 Physiologically, 
IL-4 and IL-13 share the same receptors, and both are ca-
pable of activating the STAT6 signalling pathway.73 IL-4 
and IL-13 are upregulated in the synovial fluid of early 
RA but not in established RA, suggesting that these cy-
tokines are part of an early regulatory response that is 

Fig. 3

Involvement of T helper 1 (Th1) cells in the immune regulation of rheumatoid arthritis (RA). Th1 cells secrete cytokines such as interleukin (IL)-2, interferon-γ 
(IFN-γ), and tumour necrosis factor-α (TNF-α), which participate in immune regulation in the pathogenesis of RA. IL-2 activates signal transducer and activator 
of transcription 5 (STAT5) to promote the secretion of IFN-γ, and the joint action of IL-2 and IFN-γ causes cartilage destruction and bone erosion. TNF-α 
can interact with IL-2 and IFN-γ to cause synovitis. In addition, TNF-α can combine with DC11b to inhibit osteoblast differentiation, and it can also combine 
with tumour necrosis factor receptor 1 (TNFR1) on osteoclast precursor to promote osteoclast formation. These pathological reactions are involved in the 
pathogenesis of RA.
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lost as patients progress to fully established disease.74 
Functionally, IL-4 and IL-13 are potent anti-arthritic cy-
tokines that also inhibit cartilage damage and osteoclas-
togenesis,75,76 and therefore display anti-inflammatory 
and anti-osteoclastogenic properties in models of inflam-
matory arthritis.77 In a mouse model of arthritis, strong 
activation of the STAT6 signalling pathway was observed 
in IL-4- and IL-13-induced haematopoietic cells, followed 
by a shift in macrophage polarization towards an anti-
inflammatory ‘M2-like’ phenotype, which is responsible 
for the suppression of arthritis.78 In addition, IL-4 and IL-
13 have direct anti-inflammatory effects in the synovium 
of RA, where they reduce the production of IL-1β and TNF 
through synovial macrophages, as well as their expres-
sion of CD16 and CD64.79,80 IL-4 and IL-13 are important 
components of Th2 cell-mediated immunity.81 The acti-
vation of the IL-4 and IL-13 pathways in RA is therefore an 
attractive option because it shifts the effector cell popu-
lation to an immunomodulatory phenotype. IL-5 differ-
entiates and mobilizes eosinophils from the bone mar-
row.82 In patients with RA, blood concentrations of IL-5 
and eosinophil chemokines are higher during early self-
limiting disease and lower in established disease.74 Two 
mechanisms can explain the potential anti-inflammatory 
role of eosinophils in RA. First, eosinophils support mac-
rophage differentiation into the immunomodulatory 
M2 phenotype through the release of IL-4 and IL-13.83 
Second, eosinophils produce anti-inflammatory lipids, 
such as D1 protectin, a pro-catabolic lipid mediator with 
anti-inflammatory and tissue protective functions in a 
mouse model of arthritis.84 IL-10 plays an independent 
regulatory role in RA. In RA synovial cultures, the addition 
of exogenous IL-10 leads to a decrease in TNF-α and IL-1β 
in RA synovial cultures.85 Th2 cells and cytokines clearly 
play a suppressive role in the immune progression of RA 
(Figure 4).
Immunomodulation of Tregs during the course of RA.  Tregs 
suppress various Th cell-mediated proinflammatory 
immune responses by releasing anti-inflammatory cy-
tokines.86 The transcription factor FOXP3+ plays a crucial 
role in Treg development.87 In terms of the Treg pheno-
type, although Tregs were initially identified as CD25-high 
T cells, recent studies have shown that CD25 expression 
on the cell surface is not mandatory to confer regulatory 
properties. Indeed, the transcription factor FOXP3 is by 
far the most specific Treg marker and ensures suppres-
sive activity independent of CD25 coexpression.88,89 Most 
studies observed a reduced percentage of circulating 
Treg cells in RA compared to healthy individuals,90-92 while 
some studies have reported an increase in the percent-
age of Treg cells compared to controls.93,94 This seems 
somewhat contradictory, but some studies have suggest-
ed that the higher percentage of Treg cells may reflect 
contamination of activated cells.94 Treg cells inhibit the 
autoimmune response. When the number and/or func-
tion of these cells is abnormal, the associated antigens 
cause an immune cascade of amplification, leading to a 
rapid increase in the levels of various cytokines such as 

IL-2 in the body, which activates macrophages.95 CTLA-4 
is likely to be involved in multiple mechanisms that give 
Tregs inhibitory properties. One proposed mechanism 
involves a direct interaction with CD80/CD86 expressed 
on activated Tregs.96,97 In addition, it has been suggested 
that in RA Tregs, the regulation of T cell receptor signal-
ling by CTLA-4 is impaired and associated with delayed 
re-recruitment of CTLA-4 to the immune synapse.98 GITR 
is constitutively expressed in Tregs and is essential for the 
development and activity of Tregs.99,100 Binding of GITR to 
effector T cells generates positive costimulatory signals 
and promotes T cell activation and proliferation, while 
activation of Tregs by GITR abolishes their suppressive 
function.101,102 In addition, macrophages act as proin-
flammatory agents in a GITR-dependent manner in the 
development of autoimmune diseases.103 In general, the 
pathogenesis of RA is very complex, and the dysfunc-
tion of Tregs is one of the potential mechanisms of self-
tolerance breakdown leading to the progression of RA.95

Th17 cells are involved in the immune regulation of 
RA.  Differentiation factors (TGF-β+, IL-6, and IL-21), 
growth, and stabilization factors (IL-23) and transcription 
factors (STAT3, retinoic acid-related orphan receptor-γt 
(RORγt), and retinoic acid-related orphan receptor-α 
(RORα)) involved in Th17 cell development have been 
identified.104 Th17 cells secrete IL-17A, IL-17F, IL-10 (also 
known as IL-22), and IL21. Th17 cells and Th17-related cy-
tokines play an important role in the pathogenesis of RA, 
and levels of Th17 cells in peripheral blood are associated 
with disease activity in RA.105 IL-17A induces secretion of 
the proinflammatory cytokines TNF-α, IL-1b, IL-6, and IL-8 
by macrophages, fibroblasts, chondrocytes, stromal cells, 
and other synovial joint cells.106,107 Despite their proin-
flammatory effects, IL-17A and IL-17F alone are not potent 
inflammatory cytokines. In fact, their potent inflammato-
ry effects are primarily related to their ability to recruit im-
mune cells and their synergistic effects with other proin-
flammatory cytokines, such as TNF, IL-1β, IFN-γ, GM-CSF, 
and IL-22.108 In addition, IL-17A has synergistic effects 
with IL-1 and TNF-α in upregulating nitric oxide (NO) and 
prostaglandin E2 (PGE2) production, leading to bone 
erosion.109 Thus, IL-17 not only enhances inflammation 
but also stimulates osteoclast differentiation, leading to 
subsequent bone and cartilage damage.110 IL-25 reduc-
es RA by suppressing the Th17 immune response.111 IL-
23 receptors are essential for terminal differentiation of 
Th17 cells in vivo and for the pathogenic properties of the 
Th17 population.112-114 However, it has been found that 
IL-23 does not depend on the inflammatory mechanism 
of TNF in the pathogenesis of RA.115 IL-21 secreted by 
Th17 cells in RA synovium is closely associated with RA.116 
Furthermore, IL-21 induces T cell activation and promotes 
the secretion of proinflammatory cytokines in RA by sup-
pressing FOXP3+ expression,117 thereby promoting the 
differentiation and proliferation of Th17 cells.118 IL-22 be-
longs to the IL-10 family, and IL-22 secreted by Th17 cells 
has been shown to promote the proliferation of synovial 
fibroblasts through induction of the chemokine CCL2.119 
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In the same study, IL-22 was found to promote osteoclas-
togenesis, an effect that may be associated with a reduc-
tion in severe arthritis in IL-22-deficient mice. However, 
another study has shown that IL-22 reduces the severity 
of collagen-induced arthritis (CIA) through a mechanism 
associated with elevated IL-10 levels.120 These findings 
suggest that IL-22 exerts a dual function in inflammato-
ry arthritis, i.e. protective or pathogenic, depending on 
the stage of disease progression. Thus, Th17 cells and the 
cytokines they secrete play a very important role in the 
immune regulation of RA (Figure 5).

Although RA is typically considered a disease medi-
ated by type 1  Th cells, increasing attention has been 
focused on Th17 cells and their production of IL-17A, 

IL-17F, IL-21, IL-22, and TNF-α.121 Tregs detected in the 
tissues of patients with RA appear to have limited func-
tion.122 This imbalance between Th17 and Tregs may also 
be caused by localized TNF-α, as it blocks the activity of 
Tregs.123 Another pathogenic pathway includes antigen-
nonspecific T cell contact-mediated activation of macro-
phages and fibroblasts, acting through interactions 
between cluster of differentiation 40 (CD40) and CD40 
ligands (CD40L), CD200 and CD200L, and intracellular 
adhesion molecule 1 and leucocyte function-associated 
antigen 1.124 Ye et al125 recently found that casein kinase 
II is an important regulator of the Th1 and Th17 cell axes 
and can aggravate the development of RA.125

Fig. 4

Involvement of T helper 2 (Th2) cells in the immune regulation of rheumatoid arthritis (RA). Interleukin (IL)-5 is able to differentiate and mobilize eosinophils 
from the bone marrow. IL-4 also shows an inhibitory effect on bone resorption by affecting the activity and survival of osteoclasts. Furthermore, IL-4 and IL-
13 share the same receptors, and both are capable of activating the signal transduction and activator of transcription 6 (STAT6) signalling pathway. Strong 
activation of the STAT6 signalling pathway was found in IL-4- and IL-13-induced haematopoietic cells, inducing a shift in macrophage polarization toward an 
anti-inflammatory ‘M2-like’ phenotype, which is responsible for the suppression of arthritis. In addition, IL-4 and IL-13 have direct anti-inflammatory effects 
in the synovium of RA, where they reduce the production of IL-1β and tumour necrosis factor (TNF) by synovial macrophages, as well as their expression of 
CD16 and CD64.
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Tfh cells are involved in the immune regulation of RA.  Tfh 
cells play a critical role in the formation of lymphatic 
follicle-generating centres (GCs),126,127 which are impor-
tant for inducing B cell proliferation and differentiation, 
leading to the production of high-affinity antibodies. 
Increasing evidence suggests an important role for Tfh 
cells in the pathogenesis of RA.128,129 For example, in the 
regulation of humoral immunity Tfh cells can play the 
opposite role: Tfh cells promote the proliferation and dif-
ferentiation of B cells and produce high-affinity antibod-
ies, such as anti-cyclic citrullinated peptide (CCP), to me-
diate cartilage and bone destruction in RA patients.130-132 
Tfh cells secrete IL-21 and express various immunomod-
ulatory molecules, such as T cell inducible costimulator 
(ICOS), CD40L, signal transduction lymphocyte activa-
tor adaptor protein (SAP), and programmed cell death 
protein-1 (PD-1).133 Bcl-6 is a transcription factor that is 
required for Tfh cell differentiation, while IL-21 or IL-6 in-
duces the expression of Bcl-6.59 Tfh cells produce IL-21, 
which is essential for B cell stimulation by the expression 
of C-X-C chemokine receptor 5 (CXCR5) and coexpres-
sion with PD-1 and/or ICOS.134,135 In CIA models, CXCR5 
is thought to be important for the induction of inflamma-
tory autoimmune arthritis because CXCR5-deficient mice 
and mice with selective deletion of CXCR5 on T cells are 
resistant to CIA.136

RA is characterized by chronic and sustained T cell 
activation in the joints, leading to joint destruction and 
disability. One study identified increased PD-1 expression 

in human RA synovial tissue and RA synovial fluid, and 
PD-1 inhibited T cell proliferation and cytokine produc-
tion. Therefore, the PD-1/programmed death-ligand 1 
(PD-L1) pathway is thought to be a protective factor in 
RA.137 In addition, negative costimulation of the PD-L1/
PD-1 pathway is important for maintaining peripheral 
tolerance by inhibiting T cell activation.138,139 IL-21 affects 
local T cell activation and proliferation but also promotes 
aggressive migration, invasion, and metalloproteinase 
secretion by FLSs.140,141 Neutralization of IL-21 and IL-15 
inhibits their proinflammatory cytokine production in RA 
synovial cell culture.142 In addition, high levels of serum 
soluble protein were detected in patients with RA.143 One 
study found that the CD40/CD40L interaction is critical 
for T cell help in B cell activation and humoral response.2 
Tfh cells may also produce IL-4, which is important for 
the conversion of immunoglobulin classes in B cells.144

Th9 cells are involved in the pathogenesis of RA.  Studies 
have shown that IL-9, the main expression product of 
Th9  cells, is significantly increased in the serum of RA 
patients.145 High levels of IL-9 were also detected in the 
sera of first-degree relatives of patients with RA or asymp-
tomatic RA-associated autoimmunity.146,147 IL-9 has been 
reported to be significantly overexpressed in synovial 
tissue in RA patients and is associated with the degree 
of tissue inflammation, and the expression of IL-9 and IL-
9R has been shown to be directly related to the degree 
of inflammatory infiltration and lymphoid tissue in RA 

Fig. 5

Involvement of T helper 17 (Th17) cells in the immune regulation of rheumatoid arthritis (RA). Interleukin (IL)-21 induces T cell activation and promotes 
secretion of pro-inflammatory cytokines in RA. IL-17A has synergistic effects with IL-1 and tumour necrosis factor-α (TNF-α) in upregulating nitric oxide (NO) 
and prostaglandin E2 (PGE2) production, leading to bone erosion. IL-22 was found to promote osteoclastogenesis, however another study has shown that 
IL-22 reduces the severity of collagen-induced arthritis by a mechanism associated with elevated IL-10 levels.120
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patients.148 Citrullinated arthritogenic aggrecan peptide 
has been recognized as a biomarker of RA and identified 
in the peripheral blood of RA patients.149 It is considered 
to be candidate autoantigen of RA and plays a role in the 
buffer of synovial joints.149,150 In RA patients, citrullinated 
arthritogenic aggrecan peptide led to notable expansion 
of Th9 cells, and these results suggest an association be-
tween the presence of autoreactive Th9 cells and the oc-
currence of synovitis and citrullination processes.148

Th22 cells are involved in the pathogenesis of RA.  The 
levels of Th22 cells, Th17 cells, and IL-22 in RA patients 
were significantly higher than those in healthy controls, 
and the number of Th22 cells was positively correlat-
ed with the level of IL-22.151 Recent studies have found 
that Th22 cells promote osteoclast differentiation by 
producing IL-22 and play an important role in bone 
destruction in RA patients.152,153 In addition, IL-22 in-
duces osteoclast formation through the p38 mitogen-
activated protein kinase (MAPK)/nuclear factor-κB 
(NF-κB) and JAK2/STAT3 signalling pathways in synovi-
al fibroblasts.152 High levels of IL-22 in synovial tissue 
induce the proliferation of synovial fibroblasts and the 
production of chemokines to enhance the inflammatory 
response of synovial tissue.119 In addition, Th22 cells mi-
grate to synovial tissue, which may be associated with 
high expression of C-C chemokine ligand 28 (CCL28) 
in RA patients.152 The present study supports the hy-
pothesis that Th22/IL-22 plays a pathogenic role in the 
pathogenesis of RA, although this mechanism requires 
further investigation.153 Blocking IL-22 could be a new 
and effective treatment for this disease.

Immunomodulation of T helper cells in RA 
therapy
Induction of immunomodulatory and inflammatory reso-
lution pathways is a valuable alternative approach for 
addressing inflammation in RA. Disease flares frequently 
occur when patients with RA reduce their use of antirheu-
matic therapies, and restoration of immunomodulatory 
pathways that are dysfunctional in established disease 
may be particularly important for preventing disease 
flares.154 Although this approach does not necessarily 
reduce disease more than targeting proinflammatory 
mediators, the importance of this intervention may lie 
in its ability to restore immune homeostasis and make 
long-term remission possible. As with proinflamma-
tory pathways, individual anti-inflammatory mediators 
may play differential roles in distinct forms of inflamma-
tory arthritis. For example, at present, topatinib, which 
is aimed at inhibiting JAK1 and JAK3, has proved to be 
effective in the treatment of RA.155 IL-27 may have a 
more substantial anti-inflammatory effect in RA than in 
spondyloarthritis because it controls adaptive immune 
responses, such as lymphoid follicle formation, whereas 
the cluster of cytokines associated with the Th2 cell 
response (IL-4, IL-13, and IL-5) may have a role in spondy-
loarthritis by shifting the balance of Th17 cell- and innate 
lymphoid cell (ILC)3-driven responses to Th2 cell- and 

ILC2-driven responses, which play a protective role in 
spondyloarthritis.78 In this context, it is important that 
immunomodulatory cytokines act synergistically with 
each other. This synergy may provide an opportunity to 
enhance any effect by targeting more than one of these 
mediators at a time. In particular, IL-4, IL-13, and IL-5 act 
synergistically to convey the anti-inflammatory effects of 
a cellular network composed of ILC2, Th2 cells, eosino-
phils, and M2 macrophages.78

The spectrum of anti-inflammatory cytokines present 
in RA patients indicates a regulatory function of the type 
2 immune response in RA. Cytokines such as IL-4, IL-5, 
IL-9, IL-13, and IL-33 are involved in triggering diseases 
such as asthma and atopic dermatitis in susceptible indi-
viduals; however, this type of immune response is not 
only proinflammatory but also exerts a strong intrinsic 
regulatory effect. Alternatively, helminth infections can 
activate immunomodulatory type 2 immune responses 
through the release of immunomodulatory peptides. 
For example, helminth-derived products (e.g. excretory-
secretory protein 62 (ES-62)) and synthetic ES-62 small 
molecule analogues are highly effective in suppressing 
experimental arthritis.156-159 The protective effects of these 
peptides are mediated by stimulating a type 2 immune 
response that results in downregulation of Th17 cells, 
upregulation of IL-10-stimulated B cells, and termination 
of joint inflammation. Selection of other anti-inflammatory 
pathways may result from direct regulation of macro-
phage function and polarization. The anti-inflammatory 
effects of various immune cell lines, including Tregs and 
M2 macrophages, are mediated through the release of 
IL-10; however, IL-10 supplementation alone does not 
appear to be sufficient to compensate for the effects of 
proinflammatory cytokines produced by macrophages 
and other immune cells.160 Thus, reprogramming macro-
phages from a proinflammatory M1 phenotype to a 
regulatory M2 phenotype is critical to ensure adequate, 
long-term local production of anti-inflammatory effector 
cytokines in tissues.161

There are many theoretical bases for drug therapies 
targeting regulatory Th cells and the cytokines they 
produce, such as those targeting MMPs to prevent 
tissue destruction in RA. Th17 cells are known to induce 
the production of MMPs, such as MMP-1 and MMP-3, 
in RA patients, in addition to secreting proinflamma-
tory cytokines.162 MMP causes cartilage destruction and 
leads to disease progression. Th17 cells also downregu-
late the production of tissue inhibitors of matrix metal-
loproteinases (TIMPs), such as TIMP-1.163 Therefore, 
therapies targeting regulation of the MMP/TIMP ratio 
may be a useful strategy for reducing the severity of RA. 
Since then, clinical studies have shown that anti-IL-17 
can effectively treat RA without increasing the risk of 
any or serious adverse events.164 In addition, therapeutic 
strategies targeting cytokines and regulating the levels 
of Th cell subsets currently hold great promise, such 
as exogenous IL-2 to regulate the balance among Th1, 
Th17, and Treg cells in RA patients by promoting the 
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development of Treg cells. Therefore, recombinant IL-2 
in combination with various biological agents may be an 
innovative therapy for RA. In addition, IL-18 is known to 
play a crucial role in the development of Th1 cells, and 
IL-18 deficiency reduces the incidence and severity of 
RA.165 IL-15 has osteolytic properties and induces TNF-α 
production.12 Therefore, IL-15- and IL-18-blocking anti-
bodies can also be used to treat RA. Inhibition of Th17 
cell-mediated responses by IL-25 has been observed in 
mouse models and human experiments, suggesting an 
anti-inflammatory role for IL-25 in RA.111 Therefore, treat-
ment targeting IL-25 production may also be a potential 
approach for improving RA. Exogenous IL-27 is known 
to modulate IL-17-mediated inflammatory responses in 
RA.166 In addition, IFN-γ also leads to IL-27 upregulation 
in rat synovial-like fibroblasts, suggesting that IFN-c 
and IL-27 interact to regulate the inflammatory micro-
environment to prevent disease progression.166 Thus, 
IL-27 may also be a potential therapeutic target for RA 
treatment. However, the effect of targeting IL-27 may 
depend on the stage of disease progression. Currently, 
the modular cumulative scoring approach is also being 
used to find drug targets for RA.167 Therefore, given the 
regulatory role of various Th cells and cytokines in RA, 
development of the abovementioned innovative thera-
peutic strategies will help to overcome the limitations 
of existing RA treatment regimens.

In conclusion, the pathogenesis of RA involves multi-
faceted immune regulation, and Th cell subsets such as 
Th1, Th2, Treg, Th17, and Tfh cells and their secreted 
cytokines are involved in immune regulation during 
the course of RA, playing a role in promoting inflamma-
tion or immune protection. In addition, there are many 
immunomodulatory agents that promote or inhibit the 
immunomodulatory role of Th cells in RA to alleviate the 
progression of RA. These results will help us to explore 
the aetiology and treatment of RA in subsequent research.
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