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Abstract 

 

Background: Immunopathogenesis of rheumatoid arthritis (RA) is not yet clearly defined. Besides 

known B-cell involvement, RA development and evolution involves CD4
+
 T helper cell homeostasis 

dysregulation. Imbalance between Th17 cells and regulatory T cells have been reported and may 

contribute to sustained inflammation. Since the last decade, increasing reports focused on a newly 

described CD4
+
 T helper cell subset, called T follicular helper (Tfh) cells, functionally distinct from 

other subsets due to their own property to provide help to B cells by enhancing their survival and 

differentiation into long-lasting antibody secreting cells. More recently, another B cell helper subset, 

named T peripheral helper (Tph) cells, has been specifically described in synovial tissues and blood of 

RA patients. 

Methods: We conducted an exhaustive and careful literature search focusing our interest on T cells 

specialized on B cell help, Tfh cells and Tph cells, in RA pathogenesis and focused on their 

modulation during treatments. 

Results: Tfh cells and in higher proportions Tph cells were described in synovial tissue and liquid of 

RA patients. In blood of RA patients, despite the use of diverse Tfh cell definitions, a vast majority of 

reports revealed an increase of circulating Tph and Tfh cell frequency, compared to healthy controls. 

However, discordant correlations between disease activity score and either effector or activated 

circulating Tfh cell subsets were highlighted, probably due to heterogeneity of cohort design in term of 

definition of disease activity, cohort size and use of different treatments. Indeed, frequencies of 

circulating Tfh and Tph cells are modulated depending on the nature and duration of RA treatment. 

Interestingly, it has been demonstrated that the proportion of ICOS-expressing blood Tfh cells before 

abatacept initiation was an independent and significant predictor of DAS28-ESR improvement at week 

24. This report may encourage to conduct further investigations based on T-cell subsets as predictive 

biomarkers of response to biotherapies. 

Conclusion: Mounting evidences hypothesize that circulating Tfh and Tph cells may be involved in 

RA pathogenesis and response to treatment. 
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Introduction 

Immunopathogenesis of rheumatoid arthritis (RA) is not yet clearly defined. B cells play a crucial role 

by producing autoreactive antibodies such as anti-citrullinated peptide antibodies (ACPA), which are 

pathognomonic of RA. Rheumatoid factor (RF), another type of autoreactive antibody could also be 

detected and is associated to disease severity, like ACPA [1]. In mouse models of autoimmune 

arthritis, B cell deficiency result in arthritis development impairment after immunization with 

proteoglycan [2]. Another evidence of B cell involvement in RA pathogenesis is efficiency of B cell 

depletion therapy [3]. Besides known B-cell involvement, RA development and evolution involves 

CD4
+
 helper T-cell homeostasis dysregulation. Infiltration of CD4

+
 T helper cells at inflamed sites is a 

hallmark of autoimmune diseases and RA [4,5]. Proinflammatory Th1 cells secrete high amounts of 

interferon-γ (IFN-γ) and tumor-necrosis factor- (TNF-) allowing efficient activation of cytotoxic 

cells, whereas Th2 cells produce interleukine (IL)-4, IL-5, and IL-13. High frequencies of citrullinated 

specific Th1 cells have been reported in RA blood patients [6]. Moreover, an imbalance between Th17 

/ T regulatory (Treg) cell commitment is noted in autoimmune and inflammatory disorders [7]. Like 

Th1 cells, Th17 cells display pro-inflammatory functions by their IL-17 and IL-22 secretion. Several 

reports highlighted positive correlations between IL-17 or Th17 cell proportion and disease activity of 

RA patients [8,9]. Conversely, Tregs mediate immune response inhibition and immune tolerance by 

production of IL-10 and/or TGF-β allowing to slow down excessive inflammatory states. Despite 

some contradictory data, most studies demonstrated decreased proportions of circulating Tregs 

[10,11]. Since the last decade, increasing reports focused on a newly described helper T cell subset, 

called T follicular helper (Tfh) cells, functionally distinct from other T helper cells due to their own 

property to provide a cognate help to B cells by enhancing their survival and differentiation into long-

lasting antibody secreting cells [12].  

Thus, both CD4
+
 T helper cells and B cells seems to be required to RA development and progression. 

However, less is known about T and B cell crosstalk, and in consequence ectopic lymphoid structure 

formation and pathogenic antibody production. In this review, we focus our interest on Tfh cells and T 
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peripheral helper (Tph) cells in RA pathogenesis, compared to healthy controls and during RA 

treatment. 

 

Methods 

We conducted a thorough literature search using PubMed database to identify English-written 

publications for studies published between 1990 to 2020. The selected keywords, such as rheumatoid 

arthritis, T helper cells, and T regulatory cells, were used, and we selected only studies in which the 

selected keywords were the major focus. References cited in this work are original articles, as well as 

review articles, published in peer-reviewed journals. 

 

Professional CD4
+
 T cells in B cell help in secondary lymphoid organs: T follicular 

helper cells 

T follicular helper (Tfh) cells were first proposed to be a proper T cell subset in 2000 [13]. They are 

now considered as a specific CD4
+
 T helper cell subset, distinct from Th2, and characterized by their 

own transcription factor, B cell lymphoma 6 (Bcl-6) [14]. Tfh cell commitment is induced in 

secondary lymphoid organs (SLO) by an environment rich in IL-6 and IL-21 [15]. These Tfh cells 

have previously met antigenic peptides presented by dendritic cells, inducing their commitment in Tfh 

cell lineage before interacting with B cells. Tfh cells home to B cell follicles thanks to their expression 

of the CXCR5 chemokine receptor responding to CXCL13 gradients [13,16]. They also express high 

levels of programmed cell death protein 1 (PD-1), these two markers allowing their phenotypic 

segregation among CD4
+
 T cells in SLO [17]. In addition, Tfh cells also express high levels of the co-

stimulatory molecule inducible T cell co-stimulator (ICOS) leading motility and mature Tfh 

differentiation [17,18]. The vast majority of human Tfh cells secrete CXCL13 and IL-21, this latter is 

mandatory for B-cell differentiation [19]. Antigen-specific interactions of Tfh cells with B cells are 

essential for selection of high-affinity B cell clones in GC (Figure 1). Tfh cells provide B cell help by 

promoting their survival, class-switch recombination of immunoglobulin genes, and terminal 

differentiation leading to generation of memory B cells and long-lived plasma cells, and therefore 

                  



 5 

long-term antibody responses [20]. Of note, different subsets of Tfh cells has been described based on 

their cytokine secretion profile: IFN- secretion for Tfh1, IL-4 for Tfh2 and IL-17 for Tfh17 cells [12].   

 

Peripheral blood counterpart of secondary lymphoid organ Tfh cells: circulating Tfh 

cells 

A subset of CXCR5
+
 CD4

+
 T cells sharing functional properties with SLO Tfh cells have been 

recently described in blood [21]. They are considered as blood circulating Tfh (cTfh) cells, even if 

they do not express detectable levels of the Tfh lineage master regulator Bcl-6 [21]. Compared to GC 

Tfh cells, only a fraction of these cTfh cells express PD-1 or ICOS, depending on their activation 

status [22]. It has been demonstrated that ICOS and PD-1 transient expression on cTfh cells is related 

to recently activated cells, as elegantly demonstrated after influenza vaccination [23]. Like their OLS 

counterpart, cTfh cells could secrete IL-21. For Morita et al, differential expression of the chemokine 

receptors CXCR3 and CCR6 defines three major unique subsets of cTfh cells: CXCR3
+
CCR6

−
, 

CXCR3
−
CCR6

−
 and CXCR3

−
CCR6

+
 cTfh cells called cTfh1, cTfh2 and cTfh17, respectively [21]. 

Like Th1 cells, cTfh1 cells have been described as IFN- secreting cells. Several reports show that 

cTfh1 cells are important for the initiation of high-affinity antibody responses against influenza after 

vaccination (reviewed in [24]). In vitro, only activated cTfh1 cells have the capacity to promote Ig 

production from memory B cells, and not from naïve B cells [25]. Thus, cTfh1 have limited capacity 

to B-cell help in term of antibody production, compared to the other cTfh subsets. Indeed, cTfh2 and 

cTfh17 cells have been described as efficient helpers of B cell maturation into antibody-secreting cells 

for both naïve and memory B cells, regardless of their activation status [25]. In addition, cTfh2 and 

cTfh17 resemble Th2 and Th17 cells based on their shared cytokine secretion profile: IL-4, IL-15, IL-

13 for Th2 and cTfh2, and IL-17 and IL-22 for Th17 and cTfh17 [26].  

 

B cell-helper T cells in rheumatoid arthritis  
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CD4
+
 T cell differentiation implicate a cognate interaction with antigenic peptide-presenting cells, 

costimulatory molecule cooperation and cytokine infusion. All these essential signals are abundant in 

rheumatoid joints, allowing development of local sites of CD4
+
 T cell differentiation (Figure 2). Due 

to their physiological capacity to induce high-affinity humoral responses by allowing long-lived 

plasma cells and memory B cells differentiation, Tfh cells have been hypothesized to be involved in 

autoantibody production.  

In RA, synovial tissue could be considered as a tertiary lymphoid structure (TLS) or an ectopic 

lymphoid organ as it can display well-organized lymphoid organ-like structures with T and B-cell 

differentiation sites. This synovial lymphoid neogenesis and maintenance is a reversible consequence 

of chronic inflammation found in RA, like in other inflamed sites of several auto-immune diseases. 

Nevertheless, TLS does not seem to be a major determinant of rheumatoid arthritis autoantibody 

responses as no association between lymphoid neogenesis and local production of ACPA or RF has 

been highlighted in rheumatoid joints [27]. In addition, patients presenting fully-organized structures 

with specialized stromal cells called follicular dendritic cells are rather rare with a prevalence of 6 to 

25%, depending on the studied cohorts and the treatment regimens [5,27-30]. Of note, patients with 

these fully-organized structures display similar clinical and biological parameters [30]. 

Accordingly, CD4
+
 T cells sharing all phenotypic and functional properties of SLO Tfh cells have 

been described in synovial tissues of RA patients. Recent SF investigations based on small cohorts 

revealed that total Tfh, Tfh2 and Tfh17 cell frequencies were decreased in SF compared to peripheral 

blood [31] and that no activated PD-1
hi
 Tfh cells were detectable [32], whereas active sites of B-cell 

differentiation may occur. Nevertheless, CXCR5-expressing cells represent a weak proportion of 

whole CD4
+
 T cell compartment, despite frequent B and plasma cells and a CXCL13-rich environment 

in synovial fluid and tissue of RA patients [33,34]. In 2008, a CXCR5
-
 BCL-6

-
 Tfh-like cell subset 

secreting CXCL-13 was identified closed to B cells in RA synovial tissues both in lymphocyte 

aggregates and diffuse synovitis [35]. More recently, a pathologically expansion of CXCR5
-
 CD4

+
 

helper T cell subset driving B cell differentiation into antibody secreting cells has been highlighted 

[36]. These cells, called peripheral helper T (Tph) cells, express inflammatory chemokine receptors 

such as CCR2, CX3CR1 and CCR5, that drive their migration to inflamed sites. Tph cells also display 
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membrane expression of activation markers like CD69, and shared PD-1 and ICOS expression with 

Tfh cells. Like Tfh cells, their B-cell helper capacity results in part from CXCL-13 and IL-21 

secretion. However, they display a low BCL6/BLIMP1 protein expression ratio, allowing to 

definitively distinguish them from Tfh cells. Interestingly, high PD-1 expression was detected on SF 

Tph cells of seropositive RA patients, unlike SF Tfh cells. This suggest that SF Tph cells, more than 

SF Tfh cells, could be the most important B-cell helpers specifically in RA synovial tissues.  

Considering circulating compartments, several studies investigated cTfh cell frequency in blood of RA 

patients, but no consensual phenotypic definition was used impairing strict comparison and conclusive 

statements. Indeed, some authors defined cTfh cells only by the expression of the chemokine receptor 

CXCR5, whereas others only considered a small fraction of CD45RA
-
 cTfh expressing ICOS and/or 

high levels of PD-1 (Table 1). Overall, a higher proportion of cTfh cells was reported in patients with 

active RA compared to healthy controls, unless cTfh phenotypic definition (Table 1). Considering 

cTfh cell subsets, a specific higher proportion of effector memory cTfh, cTfh2, and IL-21-secreting 

cTfh cells were pointed [31,37,38]. Moreover, higher ICOS
+/hi

 and PD-1
+
, or ICOS and PD-1 co-

expressing cTfh were reported [39-41]. Taking into account CD4
+
 blood concentration variations, Liu 

et al also described an increase of CXCR5
+
 and CXCR5

+ 
PD-1

hi
 cTfh cell absolute numbers, compared 

to healthy controls [42]. Finally, contradictory results were obtained considering IL-21 plasma 

concentrations [39-41,43-46], cytokine reflecting activation of not only Tfh cells, but also Th17 cells.  

Several reports observed a positive correlation between proportion of CD4
+
 CXCR5

+
 or ICOS

+
 or PD-

1
+
 cTfh cells and ACPA titer [39,41,45,47]. Lui et al first described in 2012 a positive correlation 

between CXCR5
+
 PD-1

+
 cTfh cell frequencies and disease activity calculated with DAS28 score [46]. 

Thereafter, other reports highlighted discordant positive correlations between disease activity score 

and either effector, ICOS- and/or PD-1-expressing cTfh cell subsets [31,37,40,45]. These 

discrepancies may be related to cohort design in term of definition of disease activity, cohort size and 

use of different treatment regimens for patients. Nevertheless, these findings hypothesize Tfh cell 

involvement in RA pathogenesis. In addition, Deng et al. found that proportion of pSTAT3 in Tfh 

cells correlated positively with disease activity and highlighted an IL-6 – pSTAT3 – Tfh cell axis in 

regulating immune responses in RA patients [43]. 
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Beside these classically explored cTfh cells, memory PD1
hi
 CRXR5

-
 CD4

+
 T cells, circulating 

counterpart of synovial Tph cells, have been recently evidenced in blood of RA patients, albeit at 

much lower frequencies [36]. Like PD1
hi
 cTfh cells, these cells show high ICOS expression and 

secrete high amounts of IL-21 [36]. cTph cells proportions were increased in blood of seropositive 

early RA patients, compared to controls [32,36]. Finally, they exhibit comparable B-cell helper 

function than activated PD1
hi
 cTfh cells, in term of in vitro plasma cell differentiation and IgG 

secretion induction [36].  

These studies highlight the importance of B-T cell crosstalk in RA inflamed tissues. However, there is 

no evidence of the precise role of Tph cells in TLS organization and maintenance. On the one hand, 

after their recruitment within inflamed sites, Tph cells could be considered as initiators of TLS 

organization by their CXCL-13 secretion allowing B and Tfh cell attraction, and their B-cell 

differentiation capacity. On the other hand, Tph cells could be considered as activated CD4
+
 T cells 

recruited in inflammatory TLS gathering B and Tfh cells, committed in a specific lineage using similar 

molecules than Tfh cells for B-cell help, but displaying a different gene expression program. 

 

Modulation of B cell-helper T cells in rheumatoid arthritis during treatment  

One weak point for the comparison of results obtained for the different studies depicted above is the 

heterogeneity of cohorts in term of RA treatment during T cell and cytokine assessment; the most 

homogeneous cohorts gathering only non-treated patients, whereas others gathered patients with 

several different therapies, disease-modify anti-rheumatic drugs (DMARDs) and/or biologics. To date, 

only few reports studied B-cell helper T cell modulations as a consequence of RA treatment. Zang et 

al [44] followed 9 RA patients treated with disease-modify anti-rheumatic drug (DMARD) therapy, 

essentially methotrexate monotherapy. These patients presented high disease activity before treatment, 

and a drastic reduction after 24 weeks of methotrexate therapy. At the same time, a significant 

reduction of serum IL-21 concentration was observed, whereas no change in cTfh cell frequency was 

found. In addition, Wang et al [48] followed 9 RA patients treated with DMARDs and T. Wilfordii. 

Unlike non-responding patients, PD-1
+
 cTfh cell frequencies and serum IL-21 concentrations were 

significantly reduced in responding patients after 1 month of treatment, compared with baseline 
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values. However, there was no correlation between ICOS
+
 or PD-1

+
 cTfh cell frequencies and ACPA 

concentrations or DAS28 activity score after 1 month of treatment.  

Nakayamada et al [47] followed a big cohort of 108 bio-naive RA patients non-responsive to 

conventional DMARDs, before initiation and after 24 weeks of various biotherapies: anti-TNF (n=46), 

abatacept (n=40) or tocilizumab (n=22). Anti-TNF induced a significant increase of ICOS
+
 cTfh cell 

frequency whereas abatacept resulted in a decrease of ICOS
+
 cTfh cell frequency after 24 weeks of 

biotherapy. Takeshita et al. analyzed 49 naïve patients treated with methotrexate alone, 46 patients 

with a combination of methotrexate and infliximab, and 28 patients with methotrexate and tocilizumab 

[31]. They observed an increase of Tfh2 and Tfh17 during a 12-month follow-up after methotrexate 

treatment initiation. Combination of methotrexate with tocilizumab or infliximab induced a Tfh2 or a 

Tfh17 increase, respectively. Data of these two latter studies demonstrate that the nature of biotherapy 

could have opposite consequences on cTfh cell compartments. 

Singh et al first hypothesized that cTfh cell frequency may have a predictive value of disease 

progression during treatment [49]. They followed 16 patients with active RA treated with DMARDs 

before and after more than 6 months of anti-TFN therapy. Despite decreased activity score, enrolled 

patients presented similar cTfh cell frequencies after 5-month of anti-TNF. Focusing on cTfh17 cells, 

which correlate with baseline disease activity in active RA before treatment, the authors did not 

demonstrate a predictive value for therapy response. Nevertheless, a positive correlation between 

baseline cTfh17 and swollen joints at 5 months post anti-TNF was highlighted, even though absolute 

numbers of swollen joints decreased for most subjects. In addition, subjects without any swollen joints 

after 1-year of anti-TNF had lower proportions of cTfh17 cells before treatment. More interestingly, 

Nakayamada et al showed that the proportion of ICOS
+ 

cTfh cells before abatacept initiation was an 

independent and significant predictor of DAS28-ESR improvement at week 24 [47]. These two studies 

featured new insights of B-cell helpers and may promote new investigations based on T-cell subsets as 

predictor of treatment response. 

Finally, considering cTph cells, only few reports explored this new-described subset. Rao et al. [36] 

found no differences in term of cTph cell frequencies depending on methotrexate, anti-TNF or 

biologics treatment used for a cohort of 38 RA patients. Fortea-Gordo et al. [32] showed in a smaller 
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cohort of 9 early RA patients a significant decrease of cTph and ICOS
+
 cTph cell proportions 

associated to a decrease of RF titers and DAS28 score in response to a 12 month-methotrexate 

treatment. Conversely, no differences were highlighted for cTfh cells. 

 

Conclusion and perspectives 

Despite conflicting results due to non-homogeneous phenotypic definition of Tfh and Tph cells, these 

two B cell-helpers T cell subsets are now assumed to be involved in RA pathogenesis and disease 

evolution. Nevertheless, increasing recent studies focused on circulating T follicular regulatory (cTfr) 

cells, the blood counterpart of SLO Tfr cells, specialized in GC reaction regulation. A modulation of 

cTfh/cTfr ratio has been reported, with a decrease of cTfr cells in balance of increased frequencies of 

cTfh cells in peripheral blood of RA patients [37,48,50]. Nevertheless, to date, no studies take into 

account cTfh, cTfr but also cTph cells in peripheral blood of individual patients to really appreciate the 

different actors of B-cell help.  
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LIST OF ABBREVIATIONS 

ACPA: anti-citrullinated peptide antibodies 

Bcl-6: B cell lymphoma 6 

CD: cluster of differentiation 

cTfh cells: circulating T follicular helper cells 

cTfr cells: circulating T follicular regulatory cells 

DMARDs: disease-modify anti-rheumatic drugs 

GC: germinal center 

ICOS: inducible T cell co-stimulator 

IFN-γ: interferon-γ 

IL: interleukin 

PD-1: programmed cell death protein 1 

RA: rheumatoid arthritis 

RF: rheumatoid factor 

SLO: secondary lymphoid structure 

Tfh cells: T follicular helper cells  

TGF- transforming growth factor- 

Th: T helper cells 

TLS: tertiary lymphoid structure 

TNF-: tumor-necrosis factor-

Tph cells: T peripheral helper cells 

Treg cells: T regulatory cells 
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FIGURE LEGENDS 

 

Figure1: B-Tfh cell crosstalk in germinal centers. Tfh cells and B cells interact in germinal centers 

localized in B-cell zone of lymph nodes. Herein, Tfh cells are characterized by the expression of 

CXCR5 responding to CXCL13 gradients, and their high secretion levels of IL-21 mandatory for B-

cell differentiation. In addition, Tfh cells and B cells interact by their respective expression of ICOS, 

TCR, PD-1 and ICOSL, MHC-II, PDL-1/2. MHC: major histocompatibility complex; ICOSL: ICOS 

ligand, TCR: T-cell receptor, Ig: immunoglobulin; PDL-1/2: programmed death-ligand1/2. 
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Figure 2: B-cell helper T cells in RA. Differential characterization of pTh, Tfh1, Tfh2 and Tfh17 cells 

localized in B-cell zones of synovial tissues, and definition of their blood counterparts (cpTh, cTfh1, 

cTfh2 and cTfh17). 

  

                  



 14 

 

DECLARATIONS 

 Competing interests 

The authors declare that they have no competing interests 

 Authors' contributions 

CL, AP and PA: literature search and reading, study design, data interpretation, and 

manuscript writing. 

 Acknowledgements 

This work was supported by the French Society of Rhumatology. 

  

                  



 15 

REFERENCES 

 

[1] Agrawal S, Misra R, Aggarwal A. Autoantibodies in rheumatoid arthritis: association with 
severity of disease in established RA. Clin Rheumatol 2007;26:201–4. 

[2] Svensson L, Jirholt J, Holmdahl R, Jansson L. B cell-deficient mice do not develop type II 
collagen-induced arthritis (CIA). Clinical & Experimental Immunology 1998;111:521–6. 

[3] Edwards JCW, Szczepanski L, Szechinski J, Filipowicz-Sosnowska A, Emery P, Close DR, et al. 
Efficacy of B-cell-targeted therapy with rituximab in patients with rheumatoid arthritis. N 
Engl J Med 2004;350:2572–81. 

[4] Thomas R, McIlraith M, Davis LS, Lipsky PE. Rheumatoid synovium is enriched in CD45RBdim 
mature memory T cells that are potent helpers for B cell differentiation. Arthritis Rheum 
1992;35:1455–65. 

[5] Takemura S, Braun A, Crowson C, Kurtin PJ, Cofield RH, O'Fallon WM, et al. Lymphoid 
neogenesis in rheumatoid synovitis. J Immunol 2001;167:1072–80. 

[6] James EA, Rieck M, Pieper J, Gebe JA, Yue BB, Tatum M, et al. Citrulline-specific Th1 cells are 
increased in rheumatoid arthritis and their frequency is influenced by disease duration and 
therapy. Arthritis Rheumatol 2014;66:1712–22. doi:10.1002/art.38637. 

[7] Noack M, Miossec P. Th17 and regulatory T cell balance in autoimmune and inflammatory 
diseases. Autoimmunity Reviews 2014;13:668–77. 

[8] Miao J, Zhang K, Lv M, Li Q, Zheng Z, Han Q, et al. Circulating Th17 and Th1 cells expressing 
CD161 are associated with disease activity in rheumatoid arthritis. Scandinavian Journal of 
Rheumatology 2014;43:194–201. 

[9] Roşu A, Mărgăritescu C, Stepan A, Muşetescu A, Ene M. IL-17 patterns in synovium, serum 
and synovial fluid from treatment-naïve, early rheumatoid arthritis patients. Romanian 
Journal of Morphology and Embryology = Revue Roumaine De Morphologie Et Embryologie 
2012;53:73–80. 

[10] Wang W, Shao S, Jiao Z, Guo M, Xu H, Wang S. The Th17/Treg imbalance and cytokine 
environment in peripheral blood of patients with rheumatoid arthritis. Rheumatology 
International 2012;32:887–93. 

[11] Lawson CA, Brown AK, Bejarano V, Douglas SH, Burgoyne CH, Greenstein AS, et al. Early 
rheumatoid arthritis is associated with a deficit in the CD4+CD25high regulatory T cell 
population in peripheral blood. Rheumatology (Oxford) 2006;45:1210–7. 

[12] Crotty S. T Follicular Helper Cell Biology: A Decade of Discovery and Diseases. Immunity 
2019;50:1132–48. 

[13] Schaerli P, Willimann K, Lang AB, Lipp M, Loetscher P, Moser B. CXC chemokine receptor 5 
expression defines follicular homing T cells with B cell helper function. J Exp Med 
2000;192:1553–62. 

[14] Nurieva RI, Chung Y, Martinez GJ, Yang XO, Tanaka S, Matskevitch TD, et al. Bcl6 mediates 
the development of T follicular helper cells. Science 2009;325:1001–5. 
doi:10.1126/science.1176676. 

[15] Linterman MA, Vinuesa CG. Signals that influence T follicular helper cell differentiation and 
function. Semin Immunopathol 2010;32:183–96. doi:10.1007/s00281-009-0194-z. 

[16] Breitfeld D, Ohl L, Kremmer E, Ellwart J, Sallusto F, Lipp M, et al. Follicular B helper T cells 
express CXC chemokine receptor 5, localize to B cell follicles, and support immunoglobulin 
production. J Exp Med 2000;192:1545–52. 

[17] Shi J, Hou S, Fang Q, Liu X, Liu X, Qi H. PD-1 Controls Follicular T Helper Cell Positioning and 
Function. Immunity 2018;49:264–4. 

                  



 16 

[18] Xu H, Li X, Liu D, Li J, Zhang X, Chen X, et al. Follicular T-helper cell recruitment governed by 
bystander B cells and ICOS-driven motility. Nature 2013;496:523–7. 
doi:10.1038/nature12058. 

[19] Ueno H, Banchereau J, Vinuesa CG. Pathophysiology of T follicular helper cells in humans 
and mice. Nat Immunol 2015;16:142–52. doi:10.1038/ni.3054. 

[20] Crotty S. T follicular helper cell differentiation, function, and roles in disease. Immunity 
2014;41:529–42. doi:10.1016/j.immuni.2014.10.004. 

[21] Morita R, Schmitt N, Bentebibel SE, Ranganathan R, Bourdery L, Zurawski G, et al. Human 
blood CXCR5(+)CD4(+) T cells are counterparts of T follicular cells and contain specific 
subsets that differentially support antibody secretion. Immunity 2011;34:108–21. 
doi:10.1016/j.immuni.2010.12.012. 

[22] He J, Tsai LM, Leong YA, Hu X, Ma CS, Chevalier N, et al. Circulating precursor CCR7(lo)PD-
1(hi) CXCR5⁺ CD4⁺ T cells indicate Tfh cell activity and promote antibody responses upon 
antigen reexposure. Immunity 2013;39:770–81. doi:10.1016/j.immuni.2013.09.007. 

[23] Bentebibel SE, Khurana S, Schmitt N, Kurup P, Mueller C, Obermoser G, et al. ICOS(+)PD-
1(+)CXCR3(+) T follicular helper cells contribute to the generation of high-avidity antibodies 
following influenza vaccination. Sci Rep 2016;6:26494. doi:10.1038/srep26494. 

[24] Ueno H. Tfh cell response in influenza vaccines in humans: what is visible and what is 
invisible. Curr Opin Immunol 2019;59:9–14. doi:10.1016/j.coi.2019.02.007. 

[25] Schmitt N, Bentebibel SE, Ueno H. Phenotype and functions of memory Tfh cells in human 
blood. Trends Immunol 2014;35:436–42. doi:10.1016/j.it.2014.06.002. 

[26] Ueno H. Human Circulating T Follicular Helper Cell Subsets in Health and Disease. J Clin 
Immunol 2016;36 Suppl 1:34–9. doi:10.1007/s10875-016-0268-3. 

[27] Cantaert T, Kolln J, Timmer T, van der Pouw Kraan TC, Vandooren B, Thurlings RM, et al. B 
lymphocyte autoimmunity in rheumatoid synovitis is independent of ectopic lymphoid 
neogenesis. J Immunol 2008;181:785–94. 

[28] Schröder AE, Greiner A, Seyfert C, Berek C. Differentiation of B cells in the nonlymphoid 
tissue of the synovial membrane of patients with rheumatoid arthritis. Proceedings of the 
National Academy of Sciences of the United States of America 1996;93:221–5. 

[29] Klimiuk PA, Goronzy JJ, Björ nsson J, Beckenbaugh RD, Weyand CM. Tissue cytokine patterns 
distinguish variants of rheumatoid synovitis. Am J Pathol 1997;151:1311–9. 

[30] Thurlings RM, Wijbrandts CA, Mebius RE, Cantaert T, Dinant HJ, van der Pouw-Kraan TCTM, 
et al. Synovial lymphoid neogenesis does not define a specific clinical rheumatoid arthritis 
phenotype. Arthritis Rheum 2008;58:1582–9. 

[31] Takeshita M, Suzuki K, Kondo Y, Morita R, Okuzono Y, Koga K, et al. Multi-dimensional 
analysis identified rheumatoid arthritis-driving pathway in human T cell. Annals of the 
Rheumatic Diseases 2019;78:1346–56. 

[32] Fortea-Gordo P, Nuño L, Villalba A, Peiteado D, Monjo I, Sánchez-Mateos P, et al. Two 
populations of circulating PD-1hiCD4 T cells with distinct B cell helping capacity are elevated 
in early rheumatoid arthritis. Rheumatology (Oxford) 2019;58:1662–73. 

[33] Rosengren S, Wei N, Kalunian KC, Kavanaugh A, Boyle DL. CXCL13: a novel biomarker of B-
cell return following rituximab treatment and synovitis in patients with rheumatoid arthritis. 
Rheumatology (Oxford) 2011;50:603–10. 

[34] Bugatti S, Manzo A, Vitolo B, Benaglio F, Binda E, Scarabelli M, et al. High expression levels 
of the B cell chemoattractant CXCL13 in rheumatoid synovium are a marker of severe 
disease. Rheumatology (Oxford) 2014;53:1886–95. 

[35] Manzo A, Vitolo B, Humby F, Caporali R, Jarrossay D, Dell'accio F, et al. Mature antigen-
experienced T helper cells synthesize and secrete the B cell chemoattractant CXCL13 in the 
inflammatory environment of the rheumatoid joint. Arthritis Rheum 2008;58:3377–87. 

[36] Rao DA, Gurish MF, Marshall JL, Slowikowski K, Fonseka CY, Liu Y, et al. Pathologically 
expanded peripheral T helper cell subset drives B cells in rheumatoid arthritis. Nature 
2017;542:110–4. 

                  



 17 

[37] Niu Q, Huang Z-C, Wu X-J, Jin Y-X, An Y-F, Li Y-M, et al. Enhanced IL-6/phosphorylated STAT3 
signaling is related to the imbalance of circulating T follicular helper/T follicular regulatory 
cells in patients with rheumatoid arthritis. Arthritis Res Ther 2018;20:200–9. 
doi:10.1186/s13075-018-1690-0. 

[38] Sun W-K, Bai Y, Yi M-M, Wu L-J, Chen J-L, Wu D-M, et al. Expression of T follicular helper 
lymphocytes with different subsets and analysis of serum IL-6, IL-17, TGF-β and MMP-3 
contents in patients with rheumatoid arthritis. Eur Rev Med Pharmacol Sci 2019;23:61–9. 

[39] Cao G, Chi S, Wang X, Sun J, Zhang Y. CD4+CXCR5+PD-1+ T Follicular Helper Cells Play a 
Pivotal Role in the Development of Rheumatoid Arthritis. Medical Science Monitor : 
International Medical Journal of Experimental and Clinical Research 2019;25:3032–40. 

[40] Zhou H, Hu B, Zhaopeng Z, Liu J, Zhong Q, Fan Y, et al. Elevated circulating T cell subsets and 
cytokines expression in patients with rheumatoid arthritis. Clin Rheumatol 2019;38:1831–9. 

[41] Ma J, Zhu C, Ma B, Tian J, Baidoo SE, Mao C, et al. Increased frequency of circulating 
follicular helper T cells in patients with rheumatoid arthritis. Clinical & Developmental 
Immunology 2012;2012:827480–7. 

[42] Liu C, Wang D, Lu S, Xu Q, Zhao L, Zhao J, et al. Increased Circulating Follicular Treg Cells Are 
Associated With Lower Levels of Autoantibodies in Patients With Rheumatoid Arthritis in 
Stable Remission. Arthritis Rheumatol 2018;70:711–21. 

[43] Deng J, Fan C, Gao X, Zeng Q, Guo R, Wei Y, et al. Signal Transducer and Activator of 
Transcription 3 Hyperactivation Associates With Follicular Helper T Cell Differentiation and 
Disease Activity in Rheumatoid Arthritis. Front Immunol 2018;9:1226. 

[44] Zhang Y, Li Y, Lv T-T, Yin Z-J, Wang X-B. Elevated circulating Th17 and follicular helper CD4(+) 
T cells in patients with rheumatoid arthritis. APMIS : Acta Pathologica, Microbiologica, Et 
Immunologica Scandinavica 2015;123:659–66. 

[45] Wang J, Shan Y, Jiang Z, Feng J, Li C, Ma L, et al. High frequencies of activated B cells and T 
follicular helper cells are correlated with disease activity in patients with new-onset 
rheumatoid arthritis. Clinical & Experimental Immunology 2013;174:212–20. 

[46] Liu R, Wu Q, Su D, Che N, Chen H, Geng L, et al. A regulatory effect of IL-21 on T follicular 
helper-like cell and B cell in rheumatoid arthritis. Arthritis Res Ther 2012;14:R255–12. 

[47] Nakayamada S, Kubo S, Yoshikawa M, Miyazaki Y, Yunoue N, Iwata S, et al. Differential 
effects of biological DMARDs on peripheral immune cell phenotypes in patients with 
rheumatoid arthritis. Rheumatology (Oxford) 2018;57:164–74. 

[48] Wang X, Yang C, Xu F, Qi L, Wang J, Yang P. Imbalance of circulating Tfr/Tfh ratio in patients 
with rheumatoid arthritis. Clinical and Experimental Medicine 2019;19:55–64. 

[49] Singh D, Henkel M, Sendon B, Feng J, Fabio A, Metes D, et al. Analysis of CXCR5+Th17 cells in 
relation to disease activity and TNF inhibitor therapy in Rheumatoid Arthritis. Sci Rep 
2016;6:39474–39411. 

[50] Ding T, Niu H, Zhao X, Gao C, Li X, Wang C. T-Follicular Regulatory Cells: Potential 
Therapeutic Targets in Rheumatoid Arthritis. Front Immunol 2019;10:2709. 

                  



 

 

Table 1: List of different studies related to cTfh in RA 

 

 

First author Year 
Ref 
N° 

RA cohort Controls 
Tfh phenotypic 

definition 
Tfh cell frequency 

Serum Il-21 
concentration 

Positive correlation 
DAS28 /%Tfh 

Takeshita M 2019 [1] 53 untreated RA *  30 HC CD4
+
 CXCR5

+
 ↗ Tfh, Tfh2, EM Tfh - Yes for EM Tfh 

Fortea-Gordo P 2019 [2] 
56 early and untreated 

RA 
47 HC 

CD4
+
 CD45RA

-
 

CXCR5
+
 PD-1

hi
 

↗ Tfh - No 

Cao G 
 

2019 [3] 
30 early and untreated 

RA  
30 HC CD4

+
 CXCR5

+
 PD-1

+
 ↗ Tfh and ICOS

+
 Tfh ↗ - 

Zhou H 2019 [4] 
44 established and 

untreated RA 
37 HC 

CD3
+
 CD4

+
 CD45RA

-
 

CXCR5
+
 

↗ PD1
+
 ICOS

+
 Tfh No differences Yes for PD1

+
 ICOS

+
 Tfh 

Sun WK 2019 [5] 
45 RA (24 high activity, 

21 low activity) *,** 
20 HC CD3

+
 CD4

+
 CXCR5

+
 ↗ Tfh2 and Tfh17 - - 

Wang X 2019 [6] 
24 established and 

treated (DMARDs +/- 
CTC) and untreated RA  

20 HC CD4
+
 CXCR5

+
 PD-1

hi
 ↗ - Yes 

Niu Q 
 

2018 [7] 
44 established RA (20 
active, 24 inactive) ** 

20 HC 
CD3

+
 CD4

+
 CXCR5

+
 

FOPX3
-
 

↗ in active RA - Yes for PD1
+
 Tfh 

Liu C 
 

2018 [8] 

78 established (39 
active, 39 remission) 

,untreated and treated 
(DMARDs) RA 

33 HC CD4
+
 CXCR5

+
 

↗ Tfh and PD1
hi

 Tfh 
in active RA 

- - 

Deng J 
 

2018 [9] 

31 early and established, 
treated and untreated (4 
untreated, 27 DMARDs 

+/- CTC) RA 

30 HC 
CD4

+
 CD25

-
 

CD45RA
-
 CXCR5

+
 

PD-1
+
 

↗ No differences Yes 

Nakayamada S 2018 [10] 

108 established and 
treated (DMARDs + 

biotherapies +/- CTC) RA  
 

33 HC 
CD3

+
 CD4

+
 CXCR5

+
 

ICOS
+
 

↗ - No 

Singh D 2016 [11] 
44 established and 

treated (DMARDs +/- 
biotherapies +/- CTC) RA  

10 HC 
CD4

+
 CXCR5

+
 

CD45R0
+
 

No differencies - No 

Zhang Y 2015 [12] 54 untreated RA * 16 HC 
CD3

+
 CD4

+
 CXCR5

+
 

ICOS
hi

 

↗ in RA patients 
with high and 

moderate DAS28 
↗ Yes 
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Arroyo-Villa I 2014 [13] 

34 established and 
treated (DMARDs) RA 

(17 active and 
17 in remission) 

34 HC CD4
+
 CXCR5

+
 ICOS

+
 

↗ cTfh 
↗(Tfh2+Tfh17)/Tfh1 

ratio in active RA 
- No 

Wang J 
 

2013 [14] 
25 early and untreated 

RA 
15 HC CD3

+
 CD4

+
 CXCR5

+
 ↗ ↗ Yes for ICOS+ Tfh 

Liu R 2012 [15] 
120 established and 

treated (DMARDs +/-CTC 
+/- others) RA 

80 HC CD4
+
 CXCR5

+
 PD-1

+
 ↗ ↗ Yes 

Ma J 2012 [16] 
53 early and untreated 

RA 
31 HC CXCR5

+
 ↗ Tfh and ICOS

hi
 Tfh ↗ - 

Ref N°: reference number; PB: peripheral blood; RA: rheumatoid arthritis; HC: healthy controls; cDMARDs: conventional disease-modifying anti-rheumatic 

drugs; EM: effector memory cells; CTC: corticotherapy. 

*  disease duration not mentioned. 

** treatment not mentioned 

Early: <6 months 
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