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ARTICLE INFO ABSTRACT

Keywords: Rheumatoid arthritis (RA) is a chronic inflammatory synovitis-based systemic disease characterized by invasive
Rheumatoid arthritis joint inflammation and synovial hyperplasia, which can lead to arthrentasis and defunctionalization. Previous
T cells research has shown that T cells, B cells, dendritic cells (DCs), and fibroblast-like synoviocytes (FLSs) play vital
B cells roles in the regulation of RA. Both T follicular helper (Tfh) cells and helper T (Th) 17 cells play im-

Dendritic cells

. . , munomodulatory roles in RA. Moreover, interleukin-23 (IL-23), and IL-17 are vital to the pathogenesis of RA. T
Fibroblast-like synoviocytes

cells behave as a hub, in that B cells, DCs, and FLSs can interact with T cells to inhibit their activation and
interfere with the process of RA. T cells cooperate with B cells, DCs, and FLSs to maintain the stability of the
immune system under physiological conditions. However, under pathological conditions, the balance is dis-
rupted, and the interaction of T cells with other cells may intensify disease progression. This review focuses on
the interaction of T cells with B cells, DCs, and FLSs in different tissues and organs of RA patients and animal
models, and highlight that the interplay between immune cells may underline the unique function of T cells and
the application prospect of targeting T cell treatment for RA.

1. Introduction a process preceded by endothelial cell activation. Neovascularization is
another hallmark of RA synovitis, and the expansion of synovial fi-

Rheumatoid arthritis (RA) is a common autoimmune disorder, and broblast-like and macrophage-like cells results in synovial lining pro-

is characterized by chronic and progressive organ inflammation, par-
ticularly the synovium of joints, causing joint destruction, decreased
life expectancy, and reduced quality of life [1]. RA is characterized by
infiltration of the synovial membrane by T cells, B cells, and monocytes,

liferation. This expanded synovium, often referred to as “pannus,” in-
vades the periarticular bone at the cartilage-bone junction, causing
bone erosion and cartilage degradation [2]. In the periarticular phase of
RA, subclinical inflammation in the small joints of patients with
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arthralgia is predictive of inflammatory arthritis (IA) development [3].
Moreover, auto-antigens (e.g., anti-citrullinated peptide antibodies
[ACPAs]), antibodies to IgG (rheumatoid factor [RF]), nuclear antigens,
or auto-antigens that cross-react with bacterial or viral antigens, which
develop before symptoms appear, can form immune complexes that
may activate complement, exacerbating inflammatory responses. This
stage is called “pre-RA” and it can last for < 1year, or as long as
10 years [4].

RA is closely associated with a variety of immune cells, with each
cell type contributing differently to disease pathogenesis. Several types
of immunomodulatory molecules, mediated by immune cell-secreted
cytokines, influence the pathogenesis of RA, complicating disease
treatment and management. T cells, B cells, and pro-inflammatory cy-
tokines play pivotal roles in RA pathogenesis [5]. Additionally, other
immune cells, such as dendritic cells (DCs) and fibroblast-like syno-
viocytes (FLSs), are reported to mediate RA pathophysiology [6]. B-
cells secrete proteins such as RFs, ACPA, and pro-inflammatory cyto-
kines, and mediate T-cell activation through expression of co-stimula-
tory molecules. T cells secrete pro-inflammatory cytokines, including
TNF-a, IL-1, and IL-17, typically exceed the protective effects of anti-
inflammatory cytokines such as IL-4, IL-10, and IL-13, causing cytokine-
mediated inflammation [7]. In RA, CD4 ™" T cells (Th cells), B cells, and
macrophages can infiltrate the synovium, which is normally a cellular
with a delicate intimal lining, and subsequently organize into discrete
lymphoid aggregates with germinal centers (GCs). T cells interact with
B cells, DCs, and FLSs in peripheral blood, spleen, and joint cavities,
interfering with RA [8] (see also Fig. 1).

In this review, we discuss the interaction of T cells with B cells, DCs,
and FLSs in different tissues and organs of RA patients and animal
models, and explore a newly developed therapeutic target of T cells.

2. T cells interact with B cells in rheumatoid arthritis

During the RA immune response, B cells in the peripheral blood of
patients can identify and present antigens to T cells. B cells provide co-
stimulatory signals to aid in T cell activation, secrete inflammatory
factors, produce rheumatoid factors and anti-cyclic citrullinated pep-
tide antibody, and participate in the formation of GCs [9]. A murine
airway inflammation model has been used to demonstrate the sig-
nificance of T/B cooperation in lymph nodes, as well as in inflamed
peripheral tissues for local antibody responses to infection and auto-
immunity [10]. Meanwhile, the B cell activation pathway in synovium
of RA patients achieves an abnormally active immune response through
a T cell-dependent mechanism (CD40-CD40L), in combination with a
non-T cell dependent mechanism, resulting in immune damage [11].
Moreover, it was found that B cells from collagen-induced arthritis
(CIA) mice promoted regulatory T cell (Treg) differentiation, pro-
liferation, and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)
expression [12]. Research involving the animal models mentioned
above demonstrate that T-B cell interactions may be relevant to the
arthritis process.

2.1. T cells interact with regulatory B cells (Bregs)

B cells perform essential roles in autoimmune diseases by presenting
antigens and producing antibodies. In the GC of the spleen, B cells are
divided into two major subpopulations, namely B1 and B2 cells [13]. Bl
cells are considered innate immune cells, which react rapidly and in-
dependent of T cells. B2 cells are mature B cells, primarily found in the
secondary lymphoid organs, from which Bregs are derived from them
[14].

Bregs secrete anti-inflammatory cytokine IL-10, which can block the
activity and formation of Th1l and Th2 cytokines, thereby reducing the
number of Th cells [15]. Human regulatory B cells, which are pre-
dominantly identified based on their production of IL-10, exhibit a
phenotypic and functional heterogeneity similar to that of mouse IL-10-

429

International Immunopharmacology 70 (2019) 428-434

producing regulatory B cells. Human regulatory B cells were enriched in
both transitional (CD24"CD38") and memory (CD24" CD27%) B cells
[16]. Mauri and colleagues showed that CD24"CD38" regulatory B
cells from normal controls inhibited differentiation of CD4*CD25~ T
cells into Th1l and Th17 cells and promoted their conversion into reg-
ulatory T cells, partially through IL-10 production. By contrast,
CD24MCD38" regulatory B cells from RA patients failed to suppress
Th17 differentiation through IL-10, and convert naive T cells into
functional regulatory T cells [17]. Moreover, Bregs, which were derived
from peripheral blood CD24%CD27" B cells, play a role in immune
regulation, and participate in immune and inflammatory responses
[18]. Adoptive transfer of IL-10" regulatory B cells strongly reduced
circulating leukocyte numbers and inflammatory monocytes. In addi-
tion, they decreased CD4™ T cell activation and increased IL-10" CD4*
T cell numbers [19]. So, regulatory B cells may contribute to suppres-
sion of the disease in RA patients, although their function may be at-
tenuated.

Janeway et al. observed that the lack of Bregs in B10/PL mice re-
sulted in abnormally severe chronic autoimmune encephalomyelitis
(EAE), demonstrating that Bregs affect the development and progres-
sion of autoimmune diseases by producing IL-10 [20]. In addition, Gray
et al. believe that apoptotic cells (APS) can also act as an endogenous
signal to trigger the production of IL-10 and improve CIA [21]. More-
over, apoptosis can also induce spleen cells to produce IL-10. Enhanced
secretion of IL-10 by T cells can play an immunosuppressive function.
Therefore, Bregs can mediate immune tolerance and inhibit excessive
inflammatory responses [22]. If sufficient evidence is accumulated to
prove that interaction between T cells and Bregs can attenuate T cells
activity, this may provide a new avenue for the treatment of RA.

2.2. Follicular helper T cells interact with B cells

T follicular helper (Tfh) cells are a T-cell subset, named for their
location in GCs. Tth cells are critical for the production of GCs, a unique
structure in which antigen-primed B cells undergo proliferation, im-
munoglobulin (Ig) class switching, somatic hypermutation, and differ-
entiation [23]. To prevent excessive B-cell and auto-antibody produc-
tion, PD-1 on T cells interacts with its ligand PD-L1 on B cells in GC.
CD40-CD40L, PD1-PDL1, and the storage of CD40L in GC Tfh all pro-
mote T-B cell interactions, ensuring that T cells and B cells play their
respective roles and activities in the immune response of RA [24].

An important characteristic of Tfh cells is the production of high
levels of IL-21, which promotes Tfh cells differentiation in a positive
autocrine feedback loop [25]. Data from RA patients indicates that they
have higher IL-21 serum levels than controls [26]. At the time of di-
agnosis early-stage RA patients, in whom the disease duration has been
less than six months, had significantly increased IL-21 plasma levels as
compared to both late-stage RA patients (disease duration > 8 years)
and healthy controls (HCs). The levels increased from baseline to
3months after diagnosis, but declined at 12 months after diagnosis.
Late-stage RA patients did not have increased IL-21 plasma levels as
compared to HCs [27]. In addition, Shoda et al. have found that IL-21
plasma levels correlate to disease activity and radiological progression
in RA, and that the IL-21-producing Tth cells are increased in the blood
and synovial fluid of these patients. IL-21is thought to exert key func-
tions in controlling and directing the T and B cell responses leading to
formation of antibodies and auto-antibodies alike [28].

Moreover, in the model of CIA, C-X-C chemokine receptor type 5
(CXCR5) was identified as an essential factor for the induction of in-
flammatory autoimmune arthritis, as CXCR5-deficient mice and mice
with selective CXCR5 deficiency on T cells are resistant to CIA [29]. In
another model (self-reactive CD4" cells transferred from KRN-T cell
antigen-receptor transgenic mice to recipient animals), CD4 " cell de-
fect-protected mice with lymphocyte activation-related protein (SAP)
signaling were observed to be protected against developing arthritis
[30]. The above data indicate that persistent interactions between T
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Fig. 1. The interaction process of T cells involved in immune cells and molecules in rheumatoid arthritis.

The interaction among T Cells and B cells, fibroblast-like synoviocytes (FLSs), dendritic cells (DCs) are important in rheumatoid arthritis (RA). Th17 cells, mainly
secrete IL-17, downstream signals of STAT3 along with ROR-yt mediates Th17 cell differentiation and cytokine expression. An important characteristic of T follicular
helper (Tth) cells is the production of high levels of IL-21. To prevent excessive B-cell and auto-antibody production, PD-1 on T cells interacts with its ligand PD-L1 on
B cells in GC. IL-2/CD25/signal transducer and activator of transcription 5 (STAT5) signaling attenuates the formation of Tth by inducing B lymphocyte-induced
maturation proteinl (BLIMP-1) and inhibitingBCL-6. CD40-CD40L, PD1-PDL1, and the storage of CD40L in GC Tth all promote T-B cell interactions, ensuring that T
cells and B cells play their respective roles and activities in the immune response of RA. Meanwhile, DCs are congenital APC, which can activate initial Th cells. Some
markers of Tregs (CD39, LAG-3, CTLA-4 or Nrp-1) can interact with DCs, they were co-expressed in Tregs and expressed in different ways in RA synovium. In
addition, Th17 and Th17.1 cells are both present in the synovial fluid of patients with RA, the interaction between Th17 cells and FLSs can stimulate FLSs to express
the pro-inflammatory mediators such as IL-6, CCL20. FLSs can promote the differentiation and migration of Th17 cells through KAT7. Moreover, Th17.1 differ-
entiation from Th17 cells can be enhanced by exogenously produced IL-12, or as a consequence of autocrine TNFaproduction.Th17.1 cells express multidrug-1
(MDR1), T-box transcription factor (TBX21) and runt-related transcription factor 1 (RUNX1). In contrast to Th17 cells, Th17.1 cells are highly resistant to FLS-
mediated suppression of proliferation and cytokine expression. In a conclusion, T cells are hub-like key cells interact with B cells, DCs and FLSs, and play an
important role in the process of RA.

and B cells and GC formation are essential for disease progression in are uniquely adapted to promote B-cell recruitment and differentiation
RA. in lymph node follicles through production of IL-21, IL-4, CD40L, and
CXCL13, the ligand for CXCR5 [32]. While, seropositive RA synovial
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cells. Surprisingly, despite a lack of CXCR5 expression, PD-1"CD4* T-
cell sorted from seropositive RA synovial fluid showed over 100-fold
increase in IL21 mRNA expression and a > 1000-fold increase in
CXCL13 mRNA expression. High IL-21 and CXCL13 production by sy-
novial fluid PD-1MCXCR5™ CD4 ™ T cells indicates that these cells are
not globally exhausted, and instead suggests a possible B-cell helper
function [34]. CXCL13 is a steady-state B-cell chemo attractant that is
induced in RA, and is associated with the development of B-cell follicles
and GC responses in synovial bone marrow. Its plasma levels have been
found to be related to disease activity. CXCL13 is often characterized by
the absence of follicular-assisted T cell markers CXCR5 and BCL-6
protein, and the production of Th cells through terminal differentiation
[35]. In vitro experiments showed that T cell receptor-CD28 has potent
effect on the production and secretion of CXCL13 in primary cells.
CXCL13 can be expressed directly by T cells, inducing binding to an-
tigen presenting cells and T cell receptors [36]. These findings de-
monstrate the significant function of CXCL13, and suggest that it may
be plastically regulated during the immune response, acting as a direct
signal transducer for T-B cell interactions.

Therefore, great importance is attached to PD-1" cells. The speci-
ficity of PD-1" cells in seropositive RA patients, characterized by the
auto-antibodies and frequent synovial T-B cell aggregates produced
[37].

3. T cells interact with DCs in rheumatoid arthritis

DCs are highly efficient antigen presenting cells that have the un-
ique function of initiating an initial immune response. Immature or sub-
cultured DCs are derived from CD34" hematopoietic progenitor cells
ingesting antigens, and then become more conducive to the presenta-
tion of antigens as mature DCs [38]. Mature DCs present antigens to Th
cells, which then activate T cells, B cells, and macrophages, eliciting
specific immune responses.

3.1. Th17 cells and cytotoxic T cells (Tc) interact with DCs

DCs are generally divided into two subtypes, namely, classical
dendritic cells (cDCs) and plasma dendritic cells (pDCs). DCs regulate
the immune response and immune tolerance, and are the most im-
portant antigen-presenting cell that binds to T cells, and especially to
Th cells [39]. Th17 cells were initially characterized by the production
of IL-17A, but now have been shown to coproduce a group of cytokines
(IL-17A, IL-17F, IL-21, and IL-22), which act in a coordinated manner to
mediate tissue inflammation [40]. Initial studies suggested that IL-23 is
the differentiation factor for Th17 cells. IL-23 from DCs activates IL-17
production in Th17 cells, and it has been speculated that DCs might also
play a role in the pathogenesis of rheumatoid nodules (RNs) through
the production of IL-23 [41]. To investigate this question, Saito-Sasaki
et al. examined the distribution of IL-23 positive cells in the skin.
Consistent with the above results, the number of IL-23 positive cells in
RNs was found to be significantly increased compared to numbers in
healthy subjects, and in non-RN skin from RA patients [42]. To examine
the possible role of the IL-23/IL-17 axis more precisely, the correlation
between IL-17 positive and IL-23 positive cells in RN and healthy
subjects was also analyzed. A significant positive correlation was found
between the number of IL-17 positive cells and the number of IL-23-
positive cells. These findings indicate that IL-23 and IL-17 might be also
necessary to the pathogenesis of RA [43].

The recent discovery of IL-23, which shares the p40 chain with IL-
12, indirectly led to the discovery of Th17 cells [44]. Pioneering studies
utilizing IL-12 and IL-23-deficient mice demonstrated that it was the
loss of IL-23, and not of IL-12, that made mice resistant to the devel-
opment of EAE and CIA. The mice deficient in IL-23 lacked the ex-
pression of IL-17-producing T cells in the target organ, which led to the
suggestion that IL-23 might be critical for the generation of pathogenic
IL-17 producing T cells. Furthermore, it suggested that the loss of Th17
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cells is responsible for autoimmune disease resistance in IL-23-deficient
mice [45]. The above animal models show that the association between
IL-17 and IL-23 really affects the pathogenesis of RA. Therefore, the
interaction between Th17 and DCs is crucial for RA.

DCs promote the activation and proliferation of T cells by binding to
the surface of the pMHC-II molecule and forming a peptide antigen.
They then further induce the activation of Tc cells, resulting in cyto-
toxic effects [46]. In the autoimmune arthritis animal model, the per-
centage of native T cells decreases, while the proportion of activated T
cells rises. DCs are considered to be congenital APCs, and are essential
for activation of the initial Th and Tc cells [47]. They present an en-
dogenous antigen and initiate a T cell response in inflammatory con-
ditions (such as RA), and can also present an arthritic peptide to T cells
and induce activation of the original T cells, thereby participating in the
development of RA.

3.2. Tregs interact with DCs

Tregs are particularly important for the immunization of RA, and
their interaction with DCs affects the development of RA. Tregs express
cytotoxic surface molecules, CTLA-4, lymphocyte activating gene-3
(LAG-3), neuropilin 1 (Nrp-1), and CD39. Some markers of Tregs
(CD39, LAG-3, or Nrp-1) can interact with DCs, and are co-expressed
with forkhead box P3 (Foxp3) in Tregs and expressed in different ways
in RA synovium. Specific interaction proteins on Tregs are as follows: 1)
LAG-3: this protein has a very high affinity for MHC II of the CD4
homologue. By binding to MHC class II molecules, LAG-3 can induce
immune receptor tyrosine-based activation motifs (ITAM), which can
inhibit the ability of DCs to mature and affect immunosuppressive
signaling pathways [48]; 2) CD39: this is the main immune system
exonuclease capable of hydrolyzing adenosine 5’-triphosphate (ATP) or
adenosine 5’-diphosphate (ADP) to adenosine 5’-monophosphate
(AMP). Extracellular ATP promotes the maturation of DCs by up-reg-
ulating CD80/CD86 expression. In this way, Tregs along with CD39 can
inhibit the maturation of DCs by reducing ATP; 3) Nrp-1: this trans-
membrane protein acts as a co-receptor for vascular endothelial growth
factor (VEGF) and signal in 3A. Nrp-1 facilitates the long-term inter-
action between Tregs and DCs, and inhibits the function of DCs because
of its high sensitivity to antigenic limits [49].

Meng et al. detected Foxp3-positive Treg cells in the large lymphoid
aggregation area, as well as CD39-positive and LAG-3-positive Treg
cells. Nrp-1-positive Treg cells were mostly distributed in the perive-
nular infiltration, lymphoid aggregation, and lining layer areas. DC-
LAMP-positive or DEC-205-positive DCs were observed in co-localiza-
tion with Foxp3-positive Treg cells in the RA synovium [50]. Therefore,
the proteins described above have the effect of inhibiting the matura-
tion of DCs, and thereby attenuate the interaction between DCs and T
cells, eventually interfering with the development of RA.

4. T cells interact with FLSs in rheumatoid arthritis

In RA joint cavities, normal synovium is primarily comprised of two
cell populations, which are termed type A and type B synoviocytes.
Type A synoviocytes are monocyte/macrophage lineage cells, while
type B synoviocytes are derived from mesenchymal cells known as FLSs
[51]. The synovial tissue consists of an inner lining and a sublayer,
mainly composed of T cells, which account for 30-50% of all cell types.
The main type of T cells is Th cells, and changes in their quantity in the
synovial intimae are reflective of changes associated with RA [52]. FLSs
become the main factor that affect cartilage ring, owing to their unique
invasion and protease production characteristics. Therefore, FLSs are
critical in promoting inflammation and cartilage destruction in RA, and
the interaction between T cells and FLSs is thought to facilitate T cells
recruitment and FLSs activation [53].
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4.1. Th17 and Th17.1cells interact with RA-FLSs

Expansive synovial tissue in the cartilage-bone interface covers and
corrodes cartilage, known as “pannus”, and is characterized by local
invasive tumors. RA-FLS are important mediators of joint destruction,
since they are able to invade adjacent collagenous structures, including
articular cartilage [54,55].

FLSs have been found to regulate their apoptotic responses through
cell-cell interactions or secretion of soluble mediators, eventually par-
ticipating in the accumulation of infiltrating T and B cells [56,57].
Previous studies have demonstrated that TNF-like protein 1A (TL1A)
and IL-34 are capable of acting on FLSs to increase the expression of IL-
6, expanding Th17 cells [58]. Interaction between FLSs and Th17 cells
can stimulate FLSs to express IL-6, IL-8, chemokine (C-C motif) ligand
20 (CCL20), and other pro-inflammatory mediators of joint destruction
[59]. Lysine acetyltransferase 7 (KAT7) over-expression induces IL-6
and transforming growth factor(TGF-f) expression through an epige-
netic mechanism in cultured FLSs. In vitro, the polarization of cultured
Th17 cells in these supernatants can promote cell differentiation [60].
Moreover, KAT7 over-expression in FLSs induces CCL20 expression via
the p44/42 MAPK pathway, thereby promoting Th17 cell migration
[61]. This confirms that the interaction between Th17 cells and FLSs
indeed interferes with the pathogenesis of RA.

Th17 and Th17.1 cells are both present in the synovial fluid of pa-
tients with RA and juvenile idiopathic arthritis (JIA). Th17.1 cells, in
particular, are enriched in the synovial fluid in comparison to periph-
eral blood. Human Th17.1 cells are also highly enriched at in-
flammatory sites of patients with inflammatory bowel disease (IBD),
multiple sclerosis (MS), and sarcoidosis, and correlates with disease
activity [62,63]. The accumulation of Th17.1 cells at inflammatory sites
may be mediated by the C-X-C chemokine receptor type 3 (CXCR3) li-
gands chemokine (C-X-C motif) ligand 9 (CXCL9), C-X-C motif chemo-
kine 10 (CXCL10), CXCL11, and the C—C chemokine receptor type 6
(CCR6) ligand CCL20, which are all highly expressed in the inflamed
RA joint synovium.

Th17.1 cells have various pathogenic properties distinct from Th17
cells, and express pathogenic gene characteristics, including increased
expression of T-box transcription factor (TBX21), STAT4, and runt-re-
lated transcription factor 1 (RUNX1). Furthermore, they display de-
creased expression of aromatic receptors (AhR) and IL-10 [64]. Th17.1
differentiation from Th17 cells can be enhanced by exogenously pro-
duced IL-12, or as a consequence of autocrine TNFa production.
Moreover, the addition of IL-12 to Th17 cell cultures, irrespective of the
presence of IL-23, results in the induction of Th17.1 cells. In contrast to
Th17 and Thl cells, Th17.1 cells are highly resistant to FLS-mediated
suppression of proliferation and cytokine expression. In addition, in
contrast to Th17 cells, Th17.1 cells express multidrug-1 (MDR1), an
ATP-dependent efflux pump that leads to Th17.1-specific anti-gluco-
corticoids [65]. Therefore, the interaction between Th17/Th17.1 cells
and FLSs plays a crucial role in the development of RA.

4.2. Cytokine-activated T (Tck) cells interact with RA-FLS

The mechanism by which FLSs are converted to the inflammatory
phenotype in RA is not fully understood, but the interactions between
FLSs and invading lymphocytes (especially T cells) are considered a key
component of this pathological process. Cells have been identified from
a different population of RA synovium, usually similar to Tck cells, and
it was observed that the rapid and firm adhesion of Tck and super an-
tigen-activated T cells to FLSs could result in peristalsis on the surface
of FLSs [66]. Src homology 2 domain-containing protein tyrosine
phosphatase 2 (SHP-2) mediates cellular responses to various growth
factors, hormones, and cytokines. SHP-2 enhances response and inva-
siveness to platelet-derived growth factor (PDGF) and TNF by acti-
vating focal adhesion kinase (FAK), thereby promoting the aggressive-
ness of RA-FLS and enhancing the survival of RA-FLS [67]. Therefore,
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an increase in the number of Tck cells will also increase the number of
FLSs, thereby accelerating the interaction between T cells and FLSs, and
ultimately interfering with the development of RA.

4.3. Intercellular adhesion molecule-1(ICAM-1) and leukocyte function-
associated antigen (LFA)-1

In RA synovial tissue, besides previously described proteins asso-
ciated with Tck and Th cells, there are two other special related pro-
teins, namely intercellular adhesion molecule 1 (ICAM-1) and leukocyte
function-associated antigen (LFA)-1. ICAM-1, a trans-membrane protein
expressed in lymphocytes and endothelial cells, which is also known as
CD54, plays a significant role in stabilizing cell-cell interactions and
promoting the migration of white blood cells and endothelial cells. LFA-
1 is one of the most important ICAM-1 receptors, expressed only in
lymphocytes, and involved in the killing effects of Tc, natural killer cells
(NK), and lymphocyte activated killer cells [68,69]. LFA-1 binds to
ICAM on the surface of target cells and initiates signal transduction,
enabling cells to perform their functions of adhesion, migration, and
phagocytosis, while also playing a role in inflammatory immunity [70].
In addition to their other functions, ICAM-1 and LFA-1 play important
roles in the interaction between T cells and FLSs. FLSs can present
peptides derived from type II collagen and human cartilage glycopro-
tein to T-cell hybridomas specific to those peptides. These antigen-de-
pendent interactions are contact-dependent, and can be blocked by
neutralizing antibodies to class II major histocompatibility complex and
LFA-1 or ICAM-1 [71]. In addition, Anderson et al. confirmed that the
expression levels of ICAM-1, LFA-1, and cytokines IL-8 and IL-10 are
higher in synovial tissue from RA patients than in tissue from healthy
controls [72]. Therefore, ICAM-1 and LFA-1 play vital roles in the in-
teraction between T cells and FLSs, further interfering with the devel-
opment of RA.

When LFA-1 and ICAM-1 are co-localized at the Tck-FLS synapse,
their interaction can increase the efficiency of Tck, accelerate the in-
teraction between Tck and FLSs, and promote the production of in-
flammatory factors. However, antibody blocking of membrane TNF-a
on the Tck surface was found to inhibit FLS cytokine [9]. It was also
found that LFA-1 monoclonal antibodies can inhibit expression of var-
ious inflammatory factors, and thereby reduce the symptoms of in-
flammation [73]. Therefore, in recent years, production of LFA-1
monoclonal antibodies has resulted in new treatment prospects for RA.

5. Targeting T cell treatment for RA

Previous studies showed that T cells play a vital role in RA patho-
genesis. Recently, there has been an increase in the number of drugs
available for the treatment of RA. The most classic of these is biological
disease-modifying anti-rheumatic drugs (DMARDs). For example, ri-
tuximab and abatacept play an essential role in RA treatment by tar-
geting B cells and the interaction between antigen-presenting cells and
T cells respectively. Anti-TNF agents, anti-IL-6 drugs like tocilizumab,
and anti-IL-1 agents like anakinra have also been used for RA therapy
[74]. Furthermore, Nakayamada et al. showed that different biological
DMARD:s resulted in different changes in immune cell subsets. For ex-
ample, abatacept characteristically reduced Th subsets, mainly Tfh and
Th17 cells, whereas TNF inhibitors reduced pDCs but increased Tfh and
Th17 cells, and tocilizumab reduced double negative B cells but in-
creased Treg cells [75]. In recent years, IL-17-related biological agents
have been undergoing clinical trials, an example being LY2439821, the
human monoclonal antibody of IL-17, which can alleviate symptoms of
RA without causing serious adverse reactions in patients [76].

Francesco et al. recently identified a T cell- and NK cell-specific gene
expressed on activated T cells, Tregs, and NK cells that encode a protein
containing an immunoglobulin variable (IgV) domain, a transmem-
brane domain, and an immune receptor tyrosine-based inhibitory motif
(ITIM), which we called TIGIT (for “T cell immunoglobulin and ITIM
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domain”) [77]. Similar to CTLA-4 and CD28, TIGIT shares ligands
(CD155 and CD112) with its co-stimulatory counterpart, CD226. It has
been shown that TIGIT is expressed on peripheral memory and reg-
ulatory CD4™" T cells and NK cells, and that it can be up-regulated after
activation of both these cell types, as well as naive T cells [78].
Moreover, Zhang et al. have shown that TIGIT contributes to immune
tolerance by inhibiting not only immune responses mediated by T cells,
but also those mediated by NK cells, by binding its ligand, CD155, on
antigen-presenting cells or target cells [79]. In a mouse model of colon
and breast cancer, expression of TIGIT was elevated in CD8" tumor
infiltrating lymphocytes (TILs). Blockade of TIGIT and PD-L1 sy-
nergistically enhanced CD8* TIL function and resulted in tumor re-
jection. A study demonstrated that, in patients with advanced mela-
noma, TIGIT is up-regulated in tumor antigen-specific CD8" T cells of
PBMCs and CD8™" TILs. Importantly these TIGIT-expressing CD8* T
cells co-express the inhibitory receptor PD-1, and combined blockade of
TIGIT and PD-1 increased both their proliferation and cytokine pro-
duction [80]. Joller et al. have shown that TIGIT also has T-cell-in-
trinsic inhibitory effects. Because Treg cells are the primary cell type
that constitutively expresses TIGIT, they suspected that many of the DC
effects that have been observed might be mediated by TIGIT * Treg cells
[81]. These observations suggest that TIGIT is an important negative
modulator of T cell responses, and thus may represent a new target for
immunotherapy.

6. Conclusion

Previous studies have shown that, while T cells play a vital role in
RA pathogenesis, interactions among T cells, B cells, DCs, and FLSs are
also involved. Th17 and Tth have been shown to contribute to the de-
velopment of autoimmune diseases. B cells can deliver co-stimulatory
signals and secrete inflammatory factors, therefore, the interaction
between T cells and B cells helps to activate T cells. DCs are congenital
APC, which can activate initial Th and Tc cells. T cells can stimulate
FLSs to express the pro-inflammatory mediators such as IL-6, IL-8, and
CCL20. FLSs can promote the differentiation and migration of Th17
cells. T cells behave more like a hub, in that B cells, DCs, and FLSs can
interact with T cells to inhibit their activation and interfere with the
process of RA. For these reasons, treatment of RA may benefit from
increased focus on T cell-targeting treatment drugs.

Declarations of interest

None.
Acknowledgments

This research was supported by the National Natural Science
Foundation of China (No. 81330081; 81603121; 81673444), Grants for
Scientific Research of BSKY (No. XJ201629) from Anhui Medical
University.
Author contributions

XXH and YJW wrote and revised the manuscript. WW conceived and
designed the study. All authors contributed to data preparation and
drafting and revising the manuscript.
Competing interests

The authors declare no competing interests.

References

[1] D. Aletaha, J.S. Smolen, Diagnosis and management of rheumatoid arthritis: a re-
view, Jama 320 (2018) 1360-1372.

433

[2]
[3]

[4

[5]

[6

[7

[8]

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

International Immunopharmacology 70 (2019) 428-434

D. McGonagle, A. Watad, S. Savic, Mechanistic immunological based classification
of rheumatoid arthritis, Autoimmun. Rev. 17 (2018) 1115-1123.

C.M. Weyand, J.J. Goronzy, Immunometabolism in early and late stages of rheu-
matoid arthritis, Nat. Rev. Rheumatol. 13 (2017) 291-301.

S. Viatte, A. Barton, Genetics of rheumatoid arthritis susceptibility, severity, and
treatment response, Semin. Immunopathol. 39 (2017) 395-408.

H.Y. Yap, S.Z. Tee, M.M. Wong, S.K. Chow, S.C. Peh, S.Y. Teow, Pathogenic role of
immune cells in rheumatoid arthritis: implications in clinical treatment and bio-
marker development, Cells 7 (2018).

D. Olivo, R.D. Grembiale, F. Tallarigo, E. Russo, G. De Sarro, F. Ursini, Kaposi's
sarcoma after T-cell costimulation blockade with abatacept in rheumatoid arthritis:
a case report, J. Clin. Pharm. Ther. 42 (2017) 367-369.

H. Yin, H. Wy, Y. Chen, J. Zhang, M. Zheng, G. Chen, L. Li, Q. Lu, The therapeutic
and pathogenic role of autophagy in autoimmune diseases, Front. Immunol. 9
(2018) 1512.

G.W. Williams, M. Lotz, S. Albani, Molecular mechanisms of autophagic memory in
pathogenic T cells in human arthritis, J. Autoimmun. 94 (2018) 90-98.

1. Nagaev, M. Andersen, M.K. Olesen, O. Nagaeva, J. Wikberg, L. Mincheva-Nilsson,
G.N. Andersen, Resistin gene expression is downregulated in CD4(+) T helper
lymphocytes and CD14(+) monocytes in rheumatoid arthritis responding to TNF-
alpha inhibition, Scand. J. Immunol. 84 (2016) 229-236.

S.T. Kim, J.Y. Choi, B. Lainez, V.P. Schulz, D.E. Karas, E.D. Baum, J. Setlur,

P.G. Gallagher, J. Craft, Human Extrafollicular CD4(+) Th cells help memory B
cells produce Igs, J. Immunol. 201 (2018) 1359-1372.

L. Petersone, N.M. Edner, V. Ovcinnikovs, F. Heuts, E.M. Ross, E. Ntavli, C.J. Wang,
L.S.K. Walker, T cell/B cell collaboration and autoimmunity: an intimate relation-
ship, Front. Immunol. 9 (2018) 1941.

V.I Seledtsov, G.V. Seledtsova, A possible role for idiotype/anti-idiotype B-T cell
interactions in maintaining immune memory, Front. Immunol. 8 (2017) 409.

D.A. Rao, M.F. Gurish, J.L. Marshall, K. Slowikowski, C.Y. Fonseka, Y. Liu,

L.T. Donlin, L.A. Henderson, K. Wei, F. Mizoguchi, N.C. Teslovich, M.E. Weinblatt,
E.M. Massarotti, J.S. Coblyn, S.M. Helfgott, Y.C. Lee, D.J. Todd, V.P. Bykerk,

S.M. Goodman, A.B. Pernis, L.B. Ivashkiv, E.W. Karlson, P.A. Nigrovic, A. Filer,
C.D. Buckley, J.A. Lederer, S. Raychaudhuri, M.B. Brenner, Pathologically expanded
peripheral T helper cell subset drives B cells in rheumatoid arthritis, Nature 542
(2017) 110-114.

E.S. Fernandes, V.M.B. Lorena, L.R.F. Sales, M. Albuquerque, Y.M. Gomes,

V.M.A. Costa, V.M.O. Souza, Maternal schistosomiasis: IL-2, IL-10 and regulatory T
lymphocytes to unrelated antigen in adult offspring mice, Rev. Soc. Bras. Med. Trop.
51 (2018) 546-549.

K. Amara, E. Clay, L. Yeo, D. Ramskold, J. Spengler, N. Sippl, J.A. Cameron,

L. Israelsson, P.J. Titcombe, C. Gronwall, B cells expressing the IgA receptor FcRL4
participate in the autoimmune response in patients with rheumatoid arthritis, J.
Autoimmun. 81 (2017) 34-43.

A. Yu, O. Taishi, Y. Yuki, D. Rina, T. Makoto, I. Takeshi, K. Kazuo, K. Tomohiro,
A. Manabu, T. Yoshimasa, Distinct germinal center selection at local sites shapes
memory B cell response to viral escape, J. Exp. Med. 212 (2015) 1709-1723.

S. Salomon, C. Guignant, P. Morel, G. Flahaut, C. Brault, C. Gourguechon,

P. Fardellone, J.P. Marolleau, B. Gubler, V. Goéb, Th17 and CD24 hi CD27 +
regulatory B lymphocytes are biomarkers of response to biologics in rheumatoid
arthritis, Arthritis Res. Ther. 19 (2017) 33.

F. Flores-Borja, A. Bosma, D. Ng, V. Reddy, M.R. Ehrenstein, D.A. Isenberg,

C. Mauri, CD19+ CD24hiCD38hi B cells maintain regulatory T cells while limiting
TH1land TH17 differentiation, Sci. Transl. Med. 5 (173) (2013) 173ra23.

Y. He, X. Yuan, Y. Li, C. Zhong, Y. Liu, H. Qian, J. Xuan, L. Duan, G. Shi, Loss of
Galphaq impairs regulatory B-cell function, Arthritis Res. Ther. 20 (2018) 186.
C.A. Janeway Jr., J. Ron, M.E. Katz, The B cell is the initiating antigen-presenting
cell in peripheral lymph nodes, J. Immunol. 138 (4) (1987) 1051-1055.

M. Gray, K. Miles, D. Salter, D. Gray, J. Savill, Apoptotic cells protect mice from
autoimmune inflammation by the induction of regulatory B cells, Proc. Natl. Acad.
Sci. U. S. A. 104 (2007) 14080-14085.

Doma-Nguez-Pantoja, M., La®Pez-Herrera, G., Romero-Rama-Rez, H., Santos-
Argumedo, L., ChAvez-Rueda, A.K., HernAndez-Cueto, A., Flores-Mufoz, M., Rodra-
Guez-Alba, J.C., CD38 protein deficiency induces autoimmune characteristics and
its activation enhances IL-10 production by regulatory B cells. Scand. J. Immunol..
(2018).

F. Wiede, F. Sacirbegovic, Y.A. Leong, D. Yu, T. Tiganis, PTPN2-deficiency ex-
acerbates T follicular helper cell and B cell responses and promotes the develop-
ment of autoimmunity, J. Autoimmun. 76 (2017) 85-100.

N. Gensous, M. Charrier, D. Duluc, C. Contin-Bordes, M.E. Truchetet, E. Lazaro,
P. Duffau, P. Blanco, C. Richez, T follicular helper cells in autoimmune disorders,
Front. Immunol. 9 (2018) 1637.

K.M. Valentine, D. Davini, T.J. Lawrence, G.N. Mullins, M. Manansala, M. Al-
Kuhlani, J.M. Pinney, J.K. Davis, A.E. Beaudin, S.S. Sindi, D.M. Gravano,

K.K. Hoyer, CD8 follicular T cells promote B cell antibody class switch in auto-
immune disease, J. Immunol. 201 (2018) 31-40.

D. Vu Van, K.C. Beier, L.J. Pietzke, M.S. Al Baz, R.K. Feist, S. Gurka, E. Hamelmann,
R.A. Kroczek, A. Hutloff, Local T/B cooperation in inflamed tissues is supported by
T follicular helper-like cells, Nat. Commun. 7 (2016) 10875.

T.K. Rasmussen, Follicular T helper cells and IL-21 in rheumatic diseases, Dan. Med.
J. 63 (2016) 10 (pii: B5297).

H. Shoda, Y. Nagafuchi, Y. Tsuchida, K. Sakurai, S. Sumitomo, K. Fujio,

K. Yamamoto, Increased serum concentrations of IL-1 beta, IL-21 and Th17 cells in
overweight patients with rheumatoid arthritis, Arthritis Res. Ther. 19 (2017) 111.
J. He, L. Tsai, Y.A. Leong, X. Hu, C. Ma, N. Chevalier, X. Sun, K. Vandenberg,

S. Rockman, Y. Ding, Circulating precursor CCR7 lo PD-1 hi CXCR5 + CD4 + T
cells indicate Tfh cell activity and promote antibody responses upon antigen re-
exposure, Immunity 39 (2013) 770-781.

L. Giuliana, B. Chiara, R. Laura, B. Igor, A. Frederic, J. Emmanuelle, F. Guido,

C. Jean-Laurent, S. Barbara, M. Manuela, IFN-gamma and IL-12 differentially


http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0005
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0005
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0010
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0010
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0015
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0015
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0020
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0020
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0025
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0025
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0025
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0030
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0030
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0030
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0035
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0035
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0035
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0040
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0040
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0045
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0045
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0045
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0045
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0050
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0050
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0050
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0055
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0055
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0055
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0060
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0060
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0065
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0065
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0065
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0065
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0065
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0065
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0065
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0070
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0070
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0070
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0070
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0075
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0075
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0075
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0075
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0080
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0080
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0080
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0085
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0085
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0085
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0085
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0090
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0090
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0090
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0095
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0095
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0100
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0100
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0105
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0105
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0105
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0110
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0110
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0110
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0115
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0115
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0115
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0120
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0120
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0120
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0120
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0125
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0125
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0125
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0130
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0130
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0135
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0135
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0135
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0140
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0140
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0140
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0140
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0145
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0145

X-X

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]
[46]
[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]
[55]

[56]

Hu, et al.

regulate CC-chemokine secretion and CCR5 expression in human T lymphocytes, J.
Leukoc. Biol. 72 (2002) 735-742.

C. Chen, X. Liu, Y. Ren, Interleukin 21 treatment in a murine model as a novel
potential cytokine immunotherapy for colon cancer, Advances in Clinical and
Experimental Medicine: Official Organ, vol. 27, Wroclaw Medical University, 2018,
pp. 583-589.

G.L. Moschovakis, A. Bubke, M. Friedrichsen, C.S. Falk, R. Feederle, R. Forster, T
cell specific Cxer5 deficiency prevents rheumatoid arthritis, Sci. Rep. 7 (2017)
8933.

A. Penatti, F. Facciotti, R. De Matteis, P. Larghi, M. Paroni, A. Murgo, O. De Lucia,
M. Pagani, L. Pierannunzii, M. Truzzi, A. loan-Facsinay, S. Abrignani, J. Geginat,
P.L. Meroni, Differences in serum and synovial CD4+ T cells and cytokine profiles
to stratify patients with inflammatory osteoarthritis and rheumatoid arthritis,
Arthritis Res. Ther. 19 (2017) 103.

R. Ata-Ur, R. Hans-Peter, S. Federica, L. Martin, M. Gerd, Follicular B helper T cell
activity is confined to CXCR5(hi)ICOS(hi) CD4 T cells and is independent of CD57
expression, Eur. J. Immunol. 36 (2010) 1892-1903.

S. Fukuyo, S. Nakayamada, S. Iwata, S. Kubo, K. Saito, Y. Tanaka, Abatacept
therapy reduces CD28 + CXCR5 + follicular helper-like T cells in patients with
rheumatoid arthritis, Clin. Exp. Rheumatol. 35 (2017) 562.

M. Antonio, V. Barbara, H. Frances, C. Roberto, J. David, D.A. Francesco, C. Laura,
U. Mariagrazia, M. Carlomaurizio, P. Costantino, Mature antigen-experienced T
helper cells synthesize and secrete the B cell chemoattractant CXCL13 in the in-
flammatory environment of the rheumatoid joint, Arthritis Rheum. 58 (2014)
3377-3387.

E. Armas-Gonzélez, M.J. Dominguez-Luis, A. Diaz-Martin, M. Arce-Franco,

J. Castro-Hernandez, G. Danelon, V. Hernandez-Hernandez, S. Bustabad-Reyes,

A. Cantabrana, M. Uguccioni, Role of CXCL13 and CCL20 in the recruitment of B
cells to inflammatory foci in chronic arthritis, Arthritis Res. Ther. 20 (2018) 114.
S.G. Tangye, B. Robert, C.C. Goodnow, P. Tri Giang, SnapShot: interactions between
dendritic cells and T cells, Cell 162 (2015) 926-926.e921.

K. Schinnerling, L. Soto, P. Garcia-Gonzalez, D. Catalan, J.C. Aguillon, Skewing
dendritic cell differentiation towards a tolerogenic state for recovery of tolerance in
rheumatoid arthritis, Autoimmun. Rev. 14 (2015) 517-527.

S. Song, P. Yuan, H. Wu, J. Chen, J. Fu, P. Li, J. Lu, W. Wei, Dendritic cells with an
increased PD-L1 by TGF-beta induce T cell energy for the cytotoxicity of hepato-
cellular carcinoma cells, Int. Inmunopharmacol. 20 (2014) 117-123.

R. Kugyelka, Z. Kohl, K. Olasz, K. Mikecz, T.A. Rauch, T.T. Glant, F. Boldizsar,
Enigma of IL-17 and Th17 cells in rheumatoid arthritis and in autoimmune animal
models of arthritis, Mediat. Inflamm. (2016) 6145810.

G.E. Fragoulis, S. Siebert, I.B. McInnes, Therapeutic targeting of IL-17 and IL-23
cytokines in immune-mediated diseases, Annu. Rev. Med. 67 (2016) 337-353.

N. Saito-Sasaki, Y. Sawada, D. Omoto, S. Ohmori, S. Haruyama, M. Yoshioka,

D. Nishio, M. Nakamura, A possible pathogenetic role of IL-23/IL-17 axis in rheu-
matoid nodules in patients with rheumatoid arthritis, Clin. Immunol. 170 (2016)
20-21.

K.J. Binger, B.F. Corte-Real, M. Kleinewietfeld, Inmunometabolic regulation of
Interleukin-17-producing T helper cells: uncoupling new targets for autoimmunity,
Front. Immunol. 8 (2017) 311.

D.D. Patel, V.K. Kuchroo, Th17 cell pathway in human immunity: lessons from
genetics and therapeutic interventions, Immunity 43 (2015) 1040-1051.

P.P. Ahern, A. Izcue, K.J. Maloy, F. Powrie, The interleukin-23 axis in intestinal
inflammation, Immunol. Rev. 226 (2010) 147-159.

R. Rampal, A. Awasthi, V. Ahuja, Retinoic acid-primed human dendritic cells inhibit
Th9 cells and induce Th1/Th17 cell differentiation, J. Leukoc. Biol. 100 (2016) 111.
Prendergast, C.T., Patakas, A., Alkhabouri, S., Mcintyre, C.L., Mcinnes, .B., Brewer,
J.M., Garside, P., Benson, R.A., Visualising the interaction of CD4 T cells and DCs in
the evolution of inflammatory arthritis, Ann. Rheum. Dis.. 77 (2018) (annrheumdis-
2017-212279).

L. Bitao, W. Craig, L. Janine, C. Claude, B.M. Dale, C. Lucrezia, F. Marcella,

L. Nianyu, S. Edina, G. Steven, Regulatory T cells inhibit dendritic cells by lym-
phocyte activation gene-3 engagement of MHC class II, J. Immunol. 180 (2008)
5916-5926.

X.Q. E, HX. Meng, Y. Cao, S.Q. Zhang, Z.G. Bi, M. Yamakawa, Distribution of
regulatory T cells and interaction with dendritic cells in the synovium of rheuma-
toid arthritis, Scand. J. Rheumatol. 41 (2012) 413-420.

C. Carmona-Rivera, P.M. Carlucci, E. Moore, N. Lingampalli, H. Uchtenhagen,

E. James, Y. Liu, K.L. Bicker, H. Wahamaa, V. Hoffmann, A.IL. Catrina, P. Thompson,
J.H. Buckner, W.H. Robinson, D.A. Fox, M.J. Kaplan, Synovial fibroblast-neutrophil
interactions promote pathogenic adaptive immunity in rheumatoid arthritis, Sci.
Immunol. 2 (2017).

B. Bartok, G.S. Firestein, Fibroblast-like synoviocytes: key effector cells in rheu-
matoid arthritis, Immunol. Rev. 233 (2010) 233-255.

Y. Tang, B. Wang, X. Sun, H. Li, X. Ouyang, J. Wei, B. Dai, Y. Zhang, X. Li,
Rheumatoid arthritis fibroblast-like synoviocytes co-cultured with PBMC increased
peripheral CD4(+) CXCR5(+) ICOS(+) T cell numbers, Clin. Exp. Immunol. 190
(2017) 384-393.

M. Asif Amin, D.A. Fox, J.H. Ruth, Synovial cellular and molecular markers in
rheumatoid arthritis, Semin. Immunopathol. 39 (2017) 385-393.

K.M. Doody, N. Bottini, G.S. Firestein, Epigenetic alterations in rheumatoid arthritis
fibroblast-like synoviocytes, Epigenomics 9 (2017) 479.

C.N. Tran, S.K. Lundy, P.T. White, J.L. Endres, C.D. Motyl, G. Raj, C.M. Wilke,
E.A. Shelden, K.C. Chung, A.G. Urquhart, Molecular interactions between T cells
and fibroblast-like synoviocytes: role of membrane tumor necrosis factor-alpha on
cytokine-activated T cells, Am. J. Pathol. 171 (2007) 1588-1598.

434

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

International Immunopharmacology 70 (2019) 428-434

H. Kato, J. Endres, D.A. Fox, The roles of IFN-y versus IL-17 in pathogenic effects of
human Th17 cells on synovial fibroblasts, Mod. Rheumatol. 23 (2013) 1140-1150.
W.W. Tong, C. Zhang, T. Hong, D.H. Liu, C. Wang, J. Li, X.K. He, W.D. Xu, Silibinin
alleviates inflammation and induces apoptosis in human rheumatoid arthritis fi-
broblast-like synoviocytes and has a therapeutic effect on arthritis in rats, Sci. Rep.
8 (2018).

S. Gao, X. Qi, J. Li, L. Sang, Upregulated KAT7 in synovial fibroblasts promotes
Th17 cell differentiation and infiltration in rheumatoid arthritis, Biochem. Biophys.
Res. Commun. 489 (2017).

E.K. Kim, J.E. Kwon, S.Y. Lee, E.J. Lee, S.K. Da, S.J. Moon, J. Lee, S.K. Kwok,
S.H. Park, M.L. Cho, IL-17-mediated mitochondrial dysfunction impairs apoptosis in
rheumatoid arthritis synovial fibroblasts through activation of autophagy, Cell
Death Dis. 8 (2017) e2565.

R. Ganesan, M. Rasool, Interleukin 17 regulates SHP-2 and IL-17RA/STAT-3 de-
pendent Cyr61, IL-23 and GM-CSF expression and RANKL mediated osteoclasto-
genesis by fibroblast-like synoviocytes in rheumatoid arthritis, Mol. Immunol. 91
(2017) 134-144.

J. Ramstein, C.E. Broos, L.J. Simpson, K.M. Ansel, S.A. Sun, M.E. Ho, P.G. Woodruff,
N.R. Bhakta, L. Christian, C.P. Nguyen, Interferon-y-producing Th17.1 cells are
increased in sarcoidosis and more prevalent than Thl cells, Am. J. Respir. Crit. Care
Med. 193 (2015).

L.J. Van, V.D.V.D.V. Rm, M. Janssen, A.F. Wierenga-Wolf, .M. Spilt, T.A. Siepman,
W. Dankers, V. Gmgm, H.E. de Vries, E. Lubberts, T helper 17.1 cells associate with
multiple sclerosis disease activity: perspectives for early intervention, Brain 141
(2018) e406.

E.S. Chen, Reassessing Th1 versus Th17.1 in sarcoidosis: new tricks for old dogma,
Eur. Respir. J. 51 (2018) 1800010.

B. Wang, Z. Ma, M. Wang, X. Sun, Y. Tang, M. Li, Y. Zhang, F. Li, X. Li, IL-34
upregulated Th17 production through increased IL-6 expression by rheumatoid fi-
broblast-like Synoviocytes, Mediat. Inflamm. 2017-6-4 (2017) (2017) 1-10.

A. Filer, W. Lsc, S. Kemble, C.S. Davies, H. Munir, R. Rogers, K. Raza, C.D. Buckley,
G.B. Nash, H.M. Mcgettrick, Identification of a transitional fibroblast function in
very early rheumatoid arthritis, Ann. Rheum. Dis. 76 (2017) 2105-2112.

S.C. Friday, D.A. Fox, Phospholipase D enzymes facilitate IL-17- and TNFalpha-
induced expression of proinflammatory genes in rheumatoid arthritis synovial fi-
broblasts (RASF), Immunol. Lett. 174 (2016) 9-18.

T. Capece, B.L. Walling, K. Lim, K.D. Kim, S. Bae, H.L. Chung, D.J. Topham, M. Kim,
A novel intracellular pool of LFA-1 is critical for asymmetric CD8(+) T cell acti-
vation and differentiation, J. Cell Biol. 216 (2017) 3817-3829.

X. Guo, Y. Pan, C. Xiao, Y. Wu, D. Cai, J. Gu, Fractalkine stimulates cell growth and
increases its expression via NF-xB pathway in RA-FLS, Int. J. Rheum. Dis. 15
(2012) 322-329.

Y. Matsumoto, K. Hiromatsu, T. Sakai, Y. Kobayashi, Y. Kimura, J. Usami,

T. Shinzato, K. Maeda, Y. Yoshikai, Co-stimulation with LFA-1 triggers apoptosis in
gamma delta T cells on T cell receptor engagement, Eur. J. Immunol. 24 (2010)
2441-2445.

M.F. Garcia-Parajo, C. Alessandra, J.A. Torreno-Pina, T. Nancy, J. Ken,
Nanoclustering as a dominant feature of plasma membrane organization, J. Cell Sci.
127 (2014) 4995-5005.

M. Samuelsson, K. Potrzebowska, J. Lehtonen, J.P. Beech, E. Skorova, H. Uronen-
Hansson, L. Svensson, RhoB controls the Rab11-mediated recycling and surface
reappearance of LFA-1 in migrating T lymphocytes, Sci. Signal. 10 (2017) eaai8629.
D.H. Solomon, E. Massarotti, R. Garg, J. Liu, C. Canning, S. Schneeweiss,
Association between disease-modifying antirheumatic drugs and diabetes risk in
patients with rheumatoid arthritis and psoriasis, Jama 305 (2011) 2525-2531.

S. Nakayamada, S. Kubo, M. Yoshikawa, Y. Miyazaki, N. Yunoue, S. Iwata,

1. Miyagawa, S. Hirata, K. Nakano, K. Saito, Y. Tanaka, Differential effects of bio-
logical DMARDs on peripheral immune cell phenotypes in patients with rheumatoid
arthritis, Rheumatology 57 (2018) 164-174.

Y. Zhang, Y. Li, T.T. Lv, Z.J. Yin, X.B. Wang, Elevated circulating Th17 and folli-
cular helper CD4(+) T cells in patients with rheumatoid arthritis, APMIS 123
(2015) 659-666.

F. Teng, K.M. Felix, C.P. Bradley, D. Naskar, H. Ma, W.A. Raslan, H.J. Wu, The
impact of age and gut microbiota on Th17 and Tth cells in K/BxN autoimmune
arthritis, Arthritis Res. Ther. 19 (2017) 188.

X. Yu, K. Harden, L.C. Gonzalez, M. Francesco, E. Chiang, B. Irving, I. Tom, S. Ivelja,
C.J. Refino, H. Clark, D. Eaton, J.L. Grogan, The surface protein TIGIT suppresses T
cell activation by promoting the generation of mature immunoregulatory dendritic
cells, Nat. Immunol. 10 (2009) 48-57.

J. Bi, X. Zheng, Y. Chen, H. Wei, R. Sun, Z. Tian, TIGIT safeguards liver regeneration
through regulating natural killer cell-hepatocyte crosstalk, Hepatology 60 (2014)
1389-1398.

Q. Zhang, J. Bi, X. Zheng, Y. Chen, H. Wang, W. Wu, Z. Wang, Q. Wu, H. Peng,
H. Wei, R. Sun, Z. Tian, Blockade of the checkpoint receptor TIGIT prevents NK cell
exhaustion and elicits potent anti-tumor immunity, Nat. Immunol. 19 (2018)
723-732.

Y. Kong, L. Zhu, T.D. Schell, J. Zhang, D.F. Claxton, W.C. Ehmann, W.B. Rybka,
M.R. George, H. Zeng, H. Zheng, T-cell immunoglobulin and ITIM domain (TIGIT)
associates with CD8 + T-cell exhaustion and poor clinical outcome in AML patients,
Clin. Cancer Res. 22 (2016) 3057-3066.

N. Joller, E. Lozano, P.R. Burkett, B. Patel, S. Xiao, C. Zhu, J. Xia, T.G. Tan, E. Sefik,
V. Yajnik, A.H. Sharpe, F.J. Quintana, D. Mathis, C. Benoist, D.A. Hafler,

V.K. Kuchroo, Treg cells expressing the coinhibitory molecule TIGIT selectively
inhibit proinflammatory Thl and Th17 cell responses, Immunity 40 (2014)
569-581.


http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0145
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0145
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0150
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0150
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0150
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0150
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0155
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0155
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0155
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0160
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0160
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0160
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0160
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0160
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0165
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0165
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0165
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0170
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0170
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0170
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0175
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0175
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0175
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0175
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0175
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0180
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0180
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0180
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0180
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0185
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0185
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0190
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0190
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0190
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0195
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0195
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0195
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0200
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0200
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0200
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0205
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0205
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0210
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0210
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0210
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0210
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0215
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0215
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0215
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0220
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0220
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0225
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0225
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0230
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0230
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0235
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0235
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0235
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0235
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0240
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0240
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0240
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0245
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0245
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0245
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0245
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0245
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0250
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0250
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0255
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0255
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0255
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0255
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0260
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0260
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0265
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0265
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0270
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0270
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0270
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0270
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0275
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0275
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0280
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0280
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0280
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0280
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0285
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0285
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0285
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0290
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0290
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0290
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0290
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0295
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0295
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0295
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0295
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0300
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0300
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0300
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0300
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0305
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0305
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0305
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0305
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0310
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0310
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0315
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0315
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0315
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0320
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0320
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0320
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0325
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0325
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0325
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0330
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0330
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0330
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0335
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0335
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0335
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0340
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0340
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0340
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0340
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0345
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0345
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0345
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0350
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0350
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0350
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0355
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0355
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0355
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0360
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0360
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0360
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0360
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0365
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0365
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0365
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0370
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0370
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0370
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0375
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0375
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0375
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0375
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0380
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0380
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0380
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0385
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0385
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0385
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0385
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0390
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0390
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0390
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0390
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0395
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0395
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0395
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0395
http://refhub.elsevier.com/S1567-5769(18)31403-6/rf0395

	T-cells interact with B cells, dendritic cells, and fibroblast-like synoviocytes as hub-like key cells in rheumatoid arthritis
	Introduction
	T cells interact with B cells in rheumatoid arthritis
	T cells interact with regulatory B cells (Bregs)
	Follicular helper T cells interact with B cells
	PD-1hiCXCR5-CD4+ T cells interact with B cells

	T cells interact with DCs in rheumatoid arthritis
	Th17 cells and cytotoxic T cells (Tc) interact with DCs
	Tregs interact with DCs

	T cells interact with FLSs in rheumatoid arthritis
	Th17 and Th17.1cells interact with RA-FLSs
	Cytokine-activated T (Tck) cells interact with RA-FLS
	Intercellular adhesion molecule–1(ICAM-1) and leukocyte function-associated antigen (LFA)-1

	Targeting T cell treatment for RA
	Conclusion
	Declarations of interest
	Acknowledgments
	Author contributions
	Competing interests
	References




