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A B S T R A C T   

Objective: Rheumatoid arthritis (RA) is an autoimmune disease. The role of Th17/Treg balance in 
RA pathogenesis has been increasingly emphasized. In this study, bibliometric and visualization 
analyses of the top 100 most cited articles on Th17/Treg balance in the field of RA were 
conducted. 
Methods: By searching the Web of Science Core Collection database, the top 100 most cited ar-
ticles of related studies were included, and the authors, countries, institutions, journals, keywords 
and other information were extracted for analysis using VOSviewer software. 
Results: The top 100 most cited papers had a total of 7185 citations, with an average citation 
frequency of 72 (range 21–730). All of them were published between 2011 and 2022. The most 
influential paper, with 730 citations, was written by “Komatsu, Noriko” in 2014 and published in 
NATURE MEDICINE. The author with the highest output was “Cho, Mi-La” (n = 24). China was 
the country with the highest number of publications (n = 42). Catholic University of Korea was 
the institution with the highest number of publications (n = 24). ARTHRITIS AND RHEUMATISM 
(n = 7), ARTHRITIS & RHEUMATOLOGY (n = 7) and INTERNATIONAL IMMUNOPHARMA-
COLOGY (n = 7) were the journals that published the most literature. “Expression” (cytokines and 
transcription factors, etc) and “differentiation” (T cells, Treg cells, and Th17 cells) were the 
themes of the research. “Mechanisms”, “gut microbiota”, “STAT3”, “interleukin-6”, “synovial fi-
broblasts” were the hot spots of research in recent years. 
Conclusions: For the first time, the top 100 most cited articles were analyzed using bibliometric 
methods. We aimed to grasp the current development and research trends of RA and Th17/Treg- 
related studies. It is hoped that this study will provide direction and support for future research.   

1. Introduction 

Rheumatoid arthritis (RA) is an autoimmune disease characterized by chronic, erosive polyarthritis. Its main pathological features 
are synovitis and cartilage destruction, and clinical manifestations are joint pain, swelling, and limitation of movement [1,2]. The 
pathogenesis of RA has not yet formed a unified consensus, and is related to a variety of factors. Some studies have suggested that 
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immune disorders lead to the development of disease due to an imbalance between pro-inflammatory and anti-inflammatory factors 
[3,4]. 

With the rapid development of immunology, lymphocyte subsets are of great significance in the immune mechanism of RA. T helper 
cell 17 (Th17) secretes pro-inflammatory factors such as interleukin-17 (IL-17) and is a subset of CD4+ T cells [5]. Regulatory T cell 
(Treg), another subpopulation of CD4+ T cells, has significant immunosuppressive properties. It mainly secretes interleukin-10 (IL-10), 
transforming growth factor-β (TGF-β), and other pro-inflammatory factors [6]. Excessive differentiation of Th17 cells promotes the 
development of RA, and Treg cells subpopulations can mitigate autoimmune inflammatory responses by inhibiting Th17 cells 
expression [7]. Functional imbalance between Th17 cells and Treg cells is expressed as Th17 up-regulation and/or Treg 
down-regulation [8], which is one of the important pathogenic mechanisms leading to RA. 

Bibliometrics is a scientific quantitative analysis method that integrates bibliography, mathematics and statistics. The method is 
used to analyze the distribution structure, quantitative relationship and patterns of change of scientific literature information [9]. 
Bibliometrics can aid in understanding how a field has developed by obtaining detailed information about authors, journals, countries, 
organizations, keywords, references, etc [10]. Bibliometrics has been widely used in medicine and more recently in the field of RA 
[11–13]. 

VOSviewer is a commonly used analytical tool for bibliometrics. VOSviewer is a software for analyzing and visualizing collabo-
rations. It presents large networks visually, thus effectively avoiding the coverage of important nodes and emphasizing the display of 
the main information of the dataset [14]. In the network diagram generated by VOSviewer, larger circles indicate more frequent 
occurrences, and thicker lines indicate stronger associations. A cluster’s color is represented by an element’s color, and different colors 
correspond to distinct clusters. Usually, items in the same cluster indicate stronger collaborative relationships [15]. 

In recent years, studies on Th17/Treg in RA have become a hot topic, and the role of Th17/Treg balance in RA pathogenesis has 
been increasingly emphasized. No bibliometric studies on Th17/Treg and RA have been reported so far. Regulation of Th17/Treg 
balance is essential for understanding disease pathogenesis, prognostic assessment and treatment. This study’s aim is to examine the 
research dynamics, hotspots, and trends of Th17/Treg balance in RA through bibliometric methods and the visualization function of 
VOSviewer. It is hoped to provide more targets for the treatment of RA and to provide theoretical basis and references for future 
research. 

2. Materials and methods 

2.1. Search strategy 

The Web of Science Core Collection database (SCIE and SSCI) were selected as the source of literature. Search subject terms 
included “Rheumatoid arthritis” “Th17 Cells” “T Helper Cell 17” “Treg Cells” “Regulatory T Cell” “Th17/Treg”. Select “Article” and 
“Review” for Document Type. The language of literature was “English”. The literature search was completed on 6/29/2023. 

2.2. Data collection 

The retrieved documents were sorted from highest to lowest number of citations. After manually excluding irrelevant literature (no 

Fig. 1. The top 100 most cited articles published in 2011–2022.  
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RA, or no Treg, or no Th17), the top 100 papers were selected for analysis. The export was in plain text and tab-delimited file format. 
The record was a “full record with cited references”, including authors, countries, institutions, titles, publication years, citations, 
journals and other information. 

2.3. Bibliometric analysis 

VOSviewer (Version 1.6.19) was used to perform collaborative network analysis of authors, countries, institutions and keywords 
co-occurrence analysis. The specific operation was as follows: after opening VOSviewer, selected “Create a map based on bibliographic 
data”, then selected “Read data from bibliographic database files”, and imported the plain text data of the top 100 most cited articles 
downloaded from the Web of Science Core Collection database. In this study, we used “Co-authorship” and “Co-occurrence” analysis. 
“Co-authorship” included the analysis of authors, institutions and countries. “Co-occurrence” was used for the keywords co-occurrence 
analysis, and selected “All keywords". 

3. Results 

3.1. Overall analysis of publications 

A total of 1081 articles were retrieved through the search formula. There were 1049 articles after being excluded by the literature 
type and literature language. The top 100 most cited articles were published in 2011–2022 (Fig. 1), including 90 treatises (90 %) and 
10 reviews (10 %). These 100 articles were cited 7185 times in total, with an average citation frequency of 72 (range 21–730). Among 
them, the largest number of articles (n = 17) was published in 2014 with 2317 citations. The most influential article with the highest 
citation (730) was published by “Komatsu, Noriko” in 2014 in the journal NATURE MEDICINE. There were 2 articles with citation 

Table 1 
The top 5 cited articles in terms of the total citations of publications.  

Rank Title Author Journal Total 
Citations 

Year Significance 

1 Pathogenic conversion of Foxp3 
(+) T cells into T(H)17 cells in 
autoimmune arthritis 

Komatsu, 
Noriko 

NATURE MEDICINE 730 2014 The presence of exFoxp3 TH17 cells serves as a 
biomarker for RA and helps to predict 
responsiveness to anti-IL-6 therapies. Further 
characterization of the mechanisms of 
transformation and function of plastic Foxp3+ T 
cells will provide new insights into the 
maintenance and restoration of self-tolerance, 
which in turn will facilitate the development of 
new therapeutic strategies for autoimmune 
diseases. 

2 Th17 and regulatory T cell balance 
in autoimmune and inflammatory 
diseases 

Noack, 
Melissa 

AUTOIMMUNITY 
REVIEWS 

608 2014 The balance between inflammation (Th17 cells) 
and tolerance (Treg cells) may influence the 
pathology or disease outcome of autoimmune 
diseases, including RA and MS. Novel therapies 
could be developed to maintain an appropriate 
balance of Th17/Treg to prevent the 
development and expansion of autoimmune and 
inflammatory diseases. 

3 CD19(+)CD24(hi)CD38(hi) B 
Cells Maintain Regulatory T Cells 
While Limiting T(H)1 and T(H)17 
Differentiation 

Flores- 
Borja, 
Fabian 

SCIENCE 
TRANSLATIONAL 
MEDICINE 

483 2013 In patients with active RA, CD19+CD24hiCD38hi 
B cells with regulatory functions may not be able 
to prevent the onset of auto-reactive responses 
and inflammation, leading to autoimmunity. The 
data presented here provide new insights into the 
biology of CD19+CD24hiCD38hi B cells with 
regulatory functions in human health and 
autoimmune diseases. 

4 Brief Report: Inhibition of 
interleukin-6 function corrects 
Th17/Treg cell imbalance in 
patients with rheumatoid arthritis 

Samson, 
Maxime 

ARTHRITIS AND 
RHEUMATISM 

267 2012 This study demonstrates for the first time that 
inhibition of IL-6 function by tocilizumab in vivo 
restores the physiologic balance of Th17/Treg 
cells in RA patients. This study opens a potential 
new avenue for the treatment of RA and other 
autoimmune diseases that may involve IL-6, Treg 
cells and/or Th17 cells or for monitoring current 
anti-cytokine therapies. 

5 Disturbed Th17/Treg balance in 
patients with rheumatoid arthritis 

Niu, Qian RHEUMATOLOGY 
INTERNATIONAL 

178 2012 Th17/Treg imbalance has a potential role in the 
pathogenesis and progression of RA. Therefore, 
blockade of key cytokines in vivo, especially IL-6 
and IL-23, or administration of exogenous TGF-β1 
may promote recovery in RA patients by restoring 
Th17/Treg balance.  
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frequency >500 and 13 articles with citation frequency >100. Table 1 lists the top 5 cited articles. 

3.2. Authors 

The top 100 most cited publications contained a total of 656 authors. Table 2 lists the five most prolific authors with more than nine 
publications. The author with the highest number of publications was “Cho, Mi-La”, with a total of 24 papers. The author with the 
highest citation was also“ Cho, Mi-La” with 1202 citations. The author with the highest average citation was “Kim, Eun-Kyung” 
(54.43). Fig. 2 illustrates the authors collaboration network diagram. 

3.3. Countries 

The top 100 most cited articles involved a total of 19 countries. As shown in Table 3, the top 5 countries in terms of publications 
were China (n = 42), South Korea (n = 26), USA (n = 13), France (n = 9), and England (n = 5). China had both the most publications 
and total citations, but the average number of citations was low. The highest average citation was England with 159.8 citations. Fig. 3 
illustrates the collaborative network relationships between countries. 

3.4. Institutions 

154 institutions contributed to the top 100 most cited articles. Table 4 lists the top 4 institutions with the highest number of articles, 
which were Catholic University of Korea, Sun Yat Sen University, Jiangsu University, and China Pharmaceutical University. Catholic 
University of Korea had the highest number of articles and the highest total citations, which was the main contributing institution of 
the study. The institution with the highest average citation frequency was Jiangsu University (88.60). Fig. 4 illustrates the collabo-
rative network of institutions. 

3.5. Journals 

The top 100 most cited articles were published in 50 journals. The nine journals that published more than two papers were listed in 
Table 5. Among them, the most prolific journals were ARTHRITIS AND RHEUMATISM (n = 7), ARTHRITIS & RHEUMATOLOGY (n =
7) and INTERNATIONAL IMMUNOPHARMACOLOGY (n = 7). ARTHRITIS AND RHEUMATISM had the highest number of citations 
with 838. However, ARTHRITIS AND RHEUMATISM has ended its publication and this journal is not included in the latest Journal 
Citation Reports. The journal with the highest average citation was AUTOIMMUNITY REVIEWS (223). The 2 journals with the highest 
IF were AUTOIMMUNITY REVIEWS and ARTHRITIS & RHEUMATOLOGY with IF 13.6 and 13.3 respectively. 

3.6. Keywords 

After merging the synonyms, co-occurrence analysis was performed for keywords with ≥4 occurrences. A total of 54 nodes and 
3614 links were generated and presented by both overlay and density visualization. The high-density keywords in the top 100 most 
cited articles were “rheumatoid arthritis”, “Th17 cells”, “Treg cells”, “collagen-induced arthritis”, “expression”, “differentiation”, “T- 
cells”, “inflammation”, etc (Fig. 5A). Table 6 lists the top 10 most frequent keywords. 

The color of the nodes in the overlay view can indicate the average time of occurrence of the keywords. The earlier the keyword 
appears, the closer the color is to purple; and conversely, the closer it is to yellow [16]. As can be seen from Fig. 5B, the active topics 
related to Th17/Treg and RA in recent years included “mechanisms”, “gut microbiota”, “signal transducers and activators of tran-
scription 3 (STAT3)”, “interleukin-6 (IL-6)”, “synovial fibroblasts”, etc. 

4. Discussion 

4.1. Research status of Th17/Treg and RA from 2011 to 2022 

The analysis based on the number of citations is a common method of bibliometric research. It is generally recognized that the more 
times a paper is cited, the greater its academic value and the more innovative it is [17]. 

It is evident that there were higher publications in 2011–2019. Citations showed an increasing trend from 2011 to 2014. Most 

Table 2 
The five most prolific authors with more than nine publications.  

Rank Author Publications Citations Average Citations 

1 Cho, Mi-La 24 1202 50.08 
2 Park, Sung-Hwan 18 941 52.28 
3 Kim, Eun-Kyung 14 762 54.43 
4 Kim, Ho-Youn 13 666 51.23 
5 Park, Jin-Sil 10 519 51.90  
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Fig. 2. The collaboration network diagram of authors.  

Table 3 
The top 5 countries in terms of publications.  

Rank Publications Country Citations Average Citations 

1 42 China 2327 55.40 
2 26 South Korea 1277 49.12 
3 13 USA 1483 114.08 
4 9 France 1372 152.44 
5 5 England 799 159.80  

Fig. 3. The collaboration network diagram of countries.  
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notable research outputs was in 2014 (most publications and citations). The cited frequency had shown a downward trend since 2014, 
and the number of publications and the citation were lower in 2020–2022. This may be due to the fact that citations take time to 
accumulate [18]. It has been reported that scientific works are usually cited for the first time one to two years after publication, and 
peak around ten years later [19]. Therefore, papers published in recent years do not have enough citations to be in the top 100, while 
articles published earlier may have more citations. The papers included in our study could attract more attention from researchers in 
the coming years. 

The most cited article was the study on “Pathogenic conversion of Foxp3+ T cells into TH17 cells in autoimmune arthritis” by 
“Komatsu, Noriko [20]” published in 2014. They found that, in addition to the fact that Treg cells require Foxp3 for their suppressive 
effects, Foxp3 instability plays a vital role in the development of pathogenic Th17 cells in autoimmunity. It has been shown that 
CD25loFoxp3+CD4+ T cells lose Foxp3 expression (referred to here as exFoxp3 cells) and transdifferentiate into Th17 cells under 
arthritic conditions. The presence of exFoxp3 Th17 cells could serve as a biomarker for RA and could be used to predict responsiveness 
to anti-IL-6 therapy. 

Table 4 
The top 4 institutions in terms of publications.  

Rank Institution Country Publications Citations Average 
Citations 

1 Catholic University of Korea South Korea 24 1145 47.71 
2 Sun Yat Sen University China 5 259 51.80 
3 Jiangsu University China 5 443 88.60 
4 China Pharmaceutical 

University 
China 5 201 40.20  

Fig. 4. The collaboration network diagram of institutions.  

Table 5 
The nine journals that published more than two papers.  

Rank Journal Publications Impact 
Factor 
(2022) 

Citations Average Citations 

1 ARTHRITIS AND RHEUMATISM 7 – 838 119.71 
2 ARTHRITIS & RHEUMATOLOGY 7 13.3 359 51.29 
3 INTERNATIONAL IMMUNOPHARMACOLOGY 7 5.6 340 48.57 
4 FRONTIERS IN IMMUNOLOGY 6 7.3 247 41.17 
5 PLOS ONE 5 3.7 223 44.60 
6 RHEUMATOLOGY INTERNATIONAL 4 4 395 98.75 
7 MEDIATORS OF INFLAMMATION 4 4.6 287 71.75 
8 SCIENTIFIC REPORTS 4 4.6 216 54 
9 AUTOIMMUNITY REVIEWS 3 13.6 669 223  
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South Korea and China were the two most contributing countries in the top 100 papers with the most citations (68 % of 100 
publications). China was in the first place both publications (n = 42) and total citations (2327), but its average citation rank was low. 
This indicated that although relevant research had a high level of enthusiasm in China, there were relatively few high-quality outputs, 
and the overall quality and level of research still need to be improved. We observed that in the national cooperation network, China 
cooperated closely with Ireland and North Ireland; USA cooperated closely with South Korea and Switzerland; Australia cooperated 
closely with Japan and England; France cooperated closely with Chile; Israel, Poland, and Bulgaria had no cooperation with other 

Fig. 5. A The density visualization diagram of keywords B The overlay visualization diagram of keywords.  

Table 6 
The top 10 most frequent keywords.  

Rank keyword occurrences total link strength 

1 Rheumatoid arthritis 71 383 
2 Th17 cells 47 293 
3 Treg cells 46 262 
4 Collagen-induced arthritis 40 223 
5 Expression 26 153 
6 Differentiation 22 130 
7 T-cells 20 95 
8 Inflammation 19 102 
9 Mice 17 100 
10 Tgf-beta 16 102  
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countries. Cooperation and exchanges between countries can still be further strengthened, with a view to obtaining more high-quality 
outputs. 

From the perspective of issuing institutions, three of the top four research institutions in terms of publications were from China, but 
the number of articles issued by China was relatively small. Jiangsu University had the highest average citation although the number of 
articles issued was small, indicating that Jiangsu University had carried out high-level research in RA field in the past 10 years. 
Catholic University of Korea was the most prolific institution, reflecting excellence in RA research. The top 5 authors with the highest 
number of publications were all from Catholic University of Korea. The most prolific author, Cho, Mi-La, was mainly working on the 
improvement of experimental autoimmune arthritis through the modulation of Th17/Treg cells and the inhibition of osteoclasto-
genesis, which were mostly related to the inhibition of STAT3. For example, PTEN down-regulates STAT3 activation; AG490 blocks 
JAK2 (Janus Kinase 2)-STAT3; STA-21 is a promising STAT-3 inhibitor; and so on. 

In addition to the 9 journals with the highest number of publications listed in Table 2, the top 100 most cited papers also included 
SCI journals with high impact factors: NATURE MEDICINE (n = 1, IF: 82.9), NATURE REVIEWS RHEUMATOLOGY (n = 1, IF: 33.7), 
ANNALS OF THE RHEUMATIC DISEASES (n = 2, IF: 27.4), CELLULAR & MOLECULAR IMMUNOLOGY (n = 1, IF: 24.1). Besides, there 
were also journals with impact factors greater than 10: EXPERIMENTAL AND MOLECULAR MEDICINE (n = 3, IF: 12.8), JOURNAL OF 
AUTOIMMUNITY (n = 2, IF: 12.8), SCIENCE TRANSLATIONAL MEDICINE (n = 1, IF: 17.1). It shows that this research area is 
becoming increasingly acknowledged by global mainstream medicine. 

4.2. Research hot spots 

With the continuous in-depth research on the pathogenesis of RA, attention has been paid to the role of T helper cells (Th) in CD4 +
T cells in RA. The Th17/Treg balance as a target has become a hot spot in the current research. “Expression” and “differentiation” were 
important keywords. “Expression” included the expression of transcription factors and cytokines. “Differentiation” included the dif-
ferentiation of T cells, Th17 cells and Treg cells. 

RA is characterized by a chronic synovial inflammatory response dominated by infiltration of large numbers of CD4 + T cells [21]. 
The autoimmune response of CD4 + T cells against antigens, which are presented by antigen-presenting cells, has a significant impact 
on the pathogenesis of RA [22]. Initial CD4+ T cells can differentiate in different directions after being stimulated by antigens, 
including Th17, Treg, etc [23]. The imbalance between Th17 cells and Treg cells (increased proportion of Th17 cells and decreased 
proportion of Treg cells) plays a key role in RA progression. Animal models of RA (collagen-induced arthritis, CIA) have been used in 
more and more studies on RA and Th17/Treg. The CIA model can accurately and comprehensively reflect the clinical symptoms and 
pathological manifestations of RA, and it is a commonly used animal model for the study of RA at present [24]. 

Th17 cells and Treg cells mutually constrain in the process of differentiation and functioning. They are regulated by a variety of 
cytokines and transcription factors to jointly maintain the immune balance of the body [25]. When some cytokines and transcription 
factors are overexpressed, they will affect the differentiation pattern of initial T cells and disrupt the Th17/Treg balance, thus trig-
gering a series of inflammatory responses. 

Retinoid acid receptor-related orphan receptor γt (RORγt) is a Th17-specific transcription factor, and STAT3 is an upstream 
regulator of RORγt [26]. RORγt promotes Th17 cells differentiation and IL-17 expression and inhibits Treg cells differentiation, mainly 
through the STAT3-mediated signaling pathway [22,27]. Foxp3, a crucial transcription factor and specific marker for Treg cells [28], is 
essential in maintaining Treg immunosuppressive function. RORγt/Foxp3 balance determines whether initial T cells differentiate 
toward Th17 or Treg after antigenic stimulation [27]. 

IL-6 contributes significantly to maintaining the differentiation and homeostasis of Th17 cells. IL-6 synergizes with TGF-β to initiate 
the differentiation of Th17 cells; but in the presence of TGF-β alone and in the absence of IL-6, initial CD4 + T cells differentiate into 
Treg cells [29]. In addition, Th17 differentiation requires Il-6-mediated STAT3 signaling, which is crucial in the pathogenesis of RA 
[30]. STAT3 is a key regulator of Treg and Th17 cells during the exercise of their biological functions [31]. By activating the STAT3 
signal, IL-6 inhibits Foxp3 and promotes the expression of RORγt, which leads to the differentiation of initial CD4+ T cells into Th17 
cells and inhibits the generation of Treg [32,33]. Activated STAT3 increases RORyt expression, induces Th17 cells to secrete cytokines 
such as IL-6 and IL-17, and feedback activates the JAK/STAT pathway, thereby mediating the inflammatory cascade response in RA 
[34]. Activation of JAK/STAT signaling pathway is involved in the occurrence of RA, and T cells differentiation in inflammatory sites is 
mediated by activation of JAK/STAT signaling pathway [35]. Under the combined effect of IL-6 and TGF-β, initial CD4+ T cells induce 
high expression of RORγt by activating the JAK-STAT3 signaling pathway. Induction of cytokines such as TGF-β and interleukin-2 
(IL-2) upregulates Foxp3 expression through the JAK-STATs signaling pathway [36]. 

Th17 cells also autocrine interleukin-21 (IL-21) and interleukin-22 (IL-22), which positively activate STAT3. At the same time, IL- 
21 can stimulate the expression of interleukin-23 (IL-23) receptor, which makes the cells receive the stimulation of IL-23 [22]. After 
IL-23 binds to IL-23 receptor, it needs to be transduced by the JAK/STAT signaling pathway to phosphorylate STAT3 [37]. Inhibition of 
IL-10 secretion through STAT3 signaling promotes the stabilization of Th17 cells, and STAT3 function can only be realized after JAK2 
phosphorylation [22]. Th17 cells differentiation requires IL-23 signaling, which in turn inhibits the transcriptional activity of Foxp3 
and suppresses Treg cells differentiation [38]. 

Besides, IL-2 promotes the differentiation of initial CD4+ T cells to Treg cells, affects the balance between Foxp3 and RORγt through 
the signal transducers and activators of transcription 5 (STAT5) pathway. Reduced RORγt expression and increased TGF-β-induced 
Foxp3 expression enhance Treg function, which is also an important mechanism by which Treg regulates Th17 differentiation [27]. 

Meanwhile, in the study of negative regulation of Th17 differentiation, suppressor of cytokine sig-naling 3 (SOCS3) and suppressor 
of cytokine signaling 1 (SOCS1) are important negative regulators. They regulate T cells homeostasis by inhibiting STAT3 
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phosphorylation and negatively regulating the JAK-STAT signaling pathway, respectively [39,40]. 
MicroRNAs (miRNAs) are important immune response regulators. They can regulate post-transcriptional target gene expression 

and participate in the regulation of CD4 + T cells subsets by promoting mRNA degradation or inhibiting the translation of transcription 
products [41]. MiR-21 is involved in the regulation of signaling sensor and activator of STAT3 and STAT5, which are regulators of 
Th17 and Treg differentiation, respectively [42]. Decreased miR-21 levels increase STAT3 expression and activation while decreasing 
STAT5 expression and activation. This promotes Th17 cells differentiation, inhibits Treg cells development, and induces Th17/Treg 
imbalance [41]. 

In addition to “STAT3” and “IL-6”, “gut microbiota” and “synovial fibroblasts” have also been the focus of research on the 
mechanism of Th17/Treg in RA in recent years. 

Recently, the study of gut microbiota in RA has received increasing attention. The disturbance of gut microbiota can affect the 
differentiation of cells, thus disrupting the auxiliary Th17/Treg balance and leading to RA [43]. For example, segmented filiable 
bacillus promotes the differentiation of CD4+ T lymphocytes to Th17 cells through dendritic cell antigen and amyloid A in intestinal 
epithelial cells. At the same time, dendritic cells can secrete IL-23, increase the secretion of IL-6 and IL-22 through the innate 
lymphocyte channel, increase the expression of amyloid A. This enhances the secretion of IL-17, which acts on the RORγt receptor and 
promotes differentiation to Th17 cells [44]. Faecalibacterium prausnitzii can directly stimulate and activate the expression of Foxp3+
receptors to promote the differentiation of initial T cells to nTreg cells [45]. Bacteroides thetaiotaomicron can interfere with the 
intrinsic immune system and initial T-cells differentiation by regulating antimicrobial peptide activity through Toll-like receptors in 
intestinal mucosal cells [46]. They can also influence differentiation towards Treg cells by regulating the intra-nucleolar shuttling of 
peroxisome proliferators-activated receptors (PPARs) [47]. Podoplanar polysaccharide A from Bacterooides fragilis induces T cells 
differentiation towards Treg cells, down-regulates inflammation through activation of Foxp3 and subsequent production of IL-10, and 
inhibits the secretion and effects of pro-inflammatory factors [48]. 

RA synovial fibroblasts are the main effector cells of synovial proliferation and invasion, and play an important role in the 
pathological development of RA [49]. The large number of immune cells present in RA synovial tissues is dominated by CD4+ T cells, 
which secrete Th17 cells that are abnormally active, and predominantly secrete IL-17 [50]. Receptor activator of nuclear factor-κB 
ligand (RANKL) plays a key role in osteoclast formation and bone erosion [51]. IL-17 stimulates RANKL expression in synovial fi-
broblasts, resulting in increased osteoclastogenesis [52]. In addition, IL-17 up-regulates IL-6 expression and induces the release of 
matrix metallopeptidase 1 (MMP1) and matrix metallopeptidase 3 (MMP3) from fibroblast-like synoviocytes, thereby promoting tissue 
destruction. Synergistically with tumor necrosis factor-α (TNF-α) and Interleukin-1β (IL-1β), IL-17 also directly induces osteoclasto-
genesis and inhibits osteoblastogenesis, which disrupts the balance between osteogenesis and bone destruction, leading to cartilage 
damage and bone erosion [53]. Another pro-inflammatory cytokine, IL-23, is involved in the pathogenesis of RA. It induces the 
expression of RANKL in RA fibroblast-like synoviocytes through the nuclear factor-kappa B (NF-κB) and STAT3 signaling pathways 
[41]. Osteoprotegerin (OPG) is secreted by osteoblasts. IL-10 secreted by Treg can up-regulate OPG expression and down-regulate 
RANKL expression, thereby regulating RANKL/OPG balance and inhibiting bone resorption [54]. 

Localized joint hypoxia is also one of the pathogenic mechanisms of RA [55]. Hypoxia-inducible factor-1α (HIF-1α) is an important 
regulator of hypoxia in tissue cells. It can induce Foxp3 ubiquitination or proteasomal degradation, and inhibit differentiation toward 
Treg cells. It can also positively regulate the differentiation of initial CD4 + T cells toward Th17 cells through the STAT3 pathway [44]. 
Hypoxia in RA-affected joints leads to upregulation of HIF-1α expression in synovial tissues. Hypoxia is also one of the triggers for 
elevated IL-6 expression in RA synovial fibroblasts, exacerbating the pathological process of RA [55]. 

4.3. Limitations 

This study has several restrictions. First, we only looked for the literature in the Web of Science, and different databases may have 
different results. Second, some newly published high-quality papers do not have enough time to accumulate citations, resulting in low 
citations. These papers may not be included in the top 100 most cited articles. In the future, it is hoped that we can carry out more 
databases, and more comprehensive studies of emerging high-quality papers. 

5. Conclusion 

In this study, the first bibliometric analysis of RA and Th17/Treg related research was conducted. Influential countries, institutions, 
authors, and journals were analyzed through the top 100 most cited articles, with a view to grasping the current status of development 
and trends in the study of RA and Th17/Treg. “Expression” (cytokines and transcription factors, etc) and “differentiation” (T cells, Treg 
cells, and Th17 cells) were the themes of the research. “Mechanisms”, “gut microbiota”, “STAT3”, “interleukin-6”, “synovial fibro-
blasts” were the hot spots of research in recent years. It is hoped that this study will provide direction and support for future research. 
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