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 Background: Anti-inflammatory mediators such as mucin-domain containing-3 (TIM-3) and IL-37 play an important role in 
the regulation of Th1-mediated immunity. This study was designed to investigate the proportions of various T 
cell subsets and monocytes in the peripheral blood of rheumatoid arthritis (RA) patients, as well as the level 
of TIM-3 on these cells and serum cytokine levels.

 Material/Methods: We enrolled 59 RA patients and 46 age- and sex-matched healthy controls in this study. The proportion of T 
cells and TIM-3 expression on these T cells were determined by flow cytometry. Cytokine levels in serum were 
determined by ELISA.

 Results: Compared with the healthy controls, the proportions of CD3+CD4+ T cells and CD3+CD4+CD25+CD127low T cells 
in the peripheral blood were significantly higher in RA patients. However, RA patients had significantly lower 
proportions of CD3+CD8+ T cells and CD3+CD4-CD8- T cells. TIM-3 was highly expressed on CD3+CD4+, CD3+CD8+, 
CD3+CD4+CD25+CD127low, and CD3+CD4-CD8- T cells, as well as CD14+ monocytes, in RA patients. Nevertheless, 
no correlation between TIM-3 level and an RA disease activity score of 28 was found. The elevated serum lev-
els of IL-6 and IL-37 were positively correlated with tumor necrosis factor-a (TNF-a).

 Conclusions: Both pro-inflammatory cytokines (TNF-a and IL-6) and anti-inflammatory mediators (TIM-3 and IL-37) simul-
taneously contribute to the pathogenesis of RA. TIM-3 and IL-37 may be used as potential biomarkers of ac-
tive RA.
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Background

Rheumatoid arthritis (RA) is an autoimmune disease featur-
ing synovial hyperplasia and progressive bone destruction [1]. 
Multiple immune cells, including CD4+ T cells [2], CD8+ T cells [3], 
regulatory T cells [4], and monocytes/macrophages [5], as well 
as various cytokines such as IL-6, TNF-a, and IL-17 [6], are in-
volved in the mechanism of RA. The imbalance between an-
ti-inflammatory and pro-inflammatory cytokines, which are 
generally attributed to either the increase of pro-inflammato-
ry cytokines and positive regulatory cells or the decrease of 
anti-inflammatory cytokine and negative regulatory cells, can 
result in the onset of autoimmune disorders such as RA [7,8] 
and systemic lupus erythematosus (SLE) [9,10]. However, the 
exact mechanisms remain unclear [11].

T cell immunoglobulin and mucin-domain containing-3 (TIM-3) 
are novel transmembrane proteins involved in the regulation 
of T-helper 1 (Th1) cell-mediated immunity. TIM-3 and its li-
gand galectin-9 can inhibit Th1-mediated auto- and allo-im-
mune responses and promote immunological tolerance [12,13]. 
Previous studies indicate that TIM-3 on the peripheral lympho-
cytes from RA patients increased and were negatively corre-
lated with the disease progression [14,15]. Nevertheless, they 
did not clarify the differences in TIM-3 levels on various T cell 
subsets and monocytes in RA patients.

Interleukin-37 (IL-37) is a recently identified member of the in-
terleukin-1 (IL-1) family and is an important anti-inflammatory 
cytokine involved in inflammatory regulation [16–19]. Generally, 
serum IL-37 levels in RA patients are significantly higher than 
those in healthy controls and are significantly positively cor-
related with serum levels of pro-inflammatory cytokines and 
clinical parameters of disease activity [20–22]. In addition, IL-37 
levels in active RA patients were significantly enhanced as com-
pared with those in patients in remission [21,22].

It has been reported that the percentage of Tim-3+ cells in pe-
ripheral blood mononuclear cells and Tim-3 expression on CD8+ 
T and NKT cells negatively correlates with pro-inflammatory cy-
tokine TNF-a level in plasma from RA patients [14]. In contrast 
to TNF-a, IL-37 is a newly identified anti-inflammatory cyto-
kine and is involved in the pathogenesis of RA [16,19,20]. Both 
IL-37 and TIM-3 have negative regulation roles in RA [14,15,19], 
but whether IL-37 and TIM-3 correlate and synergize with each 
other remains unclear in RA patients. Therefore, this study as-
sessed whether there is a special association between IL-37 
and TIM-3. We investigated the proportions of T cell subsets 
and monocytes in the peripheral blood of RA patients, as well 
as the expression of TIM-3 on these cells and serum cytokine 
levels. The relationship of TIM-3 and IL-37 with RA disease 
progression was also investigated.

Material and Methods

Patients

Fifty-nine RA patients from Qilu Hospital of Shandong University 
were enrolled in the study between 2013 and 2017. RA 
was diagnosed according to the 2010 American College of 
Rheumatology (ACR)/European League Against Rheumatism 
(EULAR) criteria [23]. Patients who had other diseases or were 
pregnant were excluded. The clinical disease activity was eval-
uated using the disease activity score 28 (DAS28) [24]. Forty-
six age- and sex-matched healthy people were also enrolled as 
healthy controls (HCs). The clinical characteristics of the study 
cohort are shown in Table 1. Fresh peripheral blood was col-
lected from RA patients and HCs. Serum and peripheral blood 
mononuclear cells were isolated. Prior written and informed 
consent were obtained from every patient. This study con-
formed to the approved institutional guidelines and was ap-
proved by the Ethics Committee of Qilu Hospital of Shandong 
University (No. 12126).

Items
Rheumatoid 

arthritis patients
Healthy 
controls

N 59 46

Age, yr  50.4±14.7  44.7±13.7

Female, n (%) 52 (91.3) 29 (89.3)

Male, n (%) 7 (8.7) 17 (10.7)

CRP, mg/L  40.2±45.0 –

ESR, mm/h  54.8±28.7 –

HAQ  1.1±0.6 –

DAS28  4.8±1.0 –

WBCs (×109/L)  8.1±2.9#  6.1±1.1

Lymphocytes, %*  15.9±6.6#  23.2±6.8

IL-37 (ng/L)  139.5±57.76#  114.2±22.47

TNF-a (ng/L)  4.84±1.64#  3.62±0.83

IL-6 (ng/L)  9.07±13.35#  0.74±0.58

Table 1.  The demographic and clinical characteristics of the 
study cohort.

CRP – c-reactive protein; ESR – erythrocyte sedimentation rate; 
HAQ – Health Assessment Questionnaire; DAS28 – Disease 
Activity Score-28; SDAI – Simplified Disease Activity Index; 
CDAI – Clinical Disease Activity Index; WBCs – white blood 
counts; IL – interleukin; TNF-a – tumor necrosis factor-a. Values 
are shown as mean ±SD, unless otherwise noted. * Percentage 
of total white blood cells in peripheral blood. # p<0.05 compared 
to healthy controls.
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Flow cytometry

Peripheral blood mononuclear cells was stained using the fol-
lowing fluorochrome- conjugated monoclonal antibodies: anti-
human CD3 APC-eFluor780, anti-human CD8 FITC, anti-human 
CD127 PE-Cyanine7, anti-human CD14 PerCP- Cyanine 5.5 or 
isotype matched controls (all from eBioscience, San Diego, CA, 
USA); anti-human CD4 Alexa Fluor 700, anti-human CD25 PE/
Dazzle 594 or isotype matched control (all from BioLegend, San 
Diego, CA, USA); and anti-human Tim-3 PE or isotype matched 
control (R&D, Minneapolis, MN, USA). Data were obtained from 
multicolor analysis using a FACS Calibur flow cytometer (BD 
Biosciences, Franklin Lakes, NJ, USA) and were analyzed using 
FlowJo software 7.6.2 (Tree Star, Ashland, OR, USA).

Enzyme-linked immunosorbent assay (ELISA)

IL-6 (BD OptEIA™ Human IL-6 ELISA Set, BD Biosciences, San 
Joes, USA), TNF-a (BD OptEIA™ Human TNF ELISA Set, BD 
Biosciences, San Joes, USA) and IL-37 (Invitrogen™ IL-37 Human 
Uncoated ELISA Kit in serum of RA patients and HCs were de-
termined by ELISA according to the manufacturer’s protocol.

Statistical analysis

All values are shown as mean ±SD or median (range) unless 
otherwise stated. Inter-group differences were assessed for 
significance using the independent-samples t test or Mann-
Whitney U test. Correlations between variables were assessed 
by Pearson or Spearman’s rank correlation coefficient. A val-
ue of p<0.05 indicated statistical significance. All statistical 
analyses were carried out using GraphPad Prism 5.00 (San 
Diego, CA, USA).

Results

Demographic and clinical characteristics of study cohort

There were no significant differences in age and sex distribu-
tion between RA patients and HCs (Table 1). Among RA pa-
tients, 3 patients had erythrocyte sedimentation rate (ESR) £15 
mm/h and 11 patients had c-reactive protein (CRP) £8 mg/l. 
When recruited, only 2 patients (3.4%) were in clinical re-
mission (DAS28 £2.6) and the remaining 57 patients (96.6%) 
were assessed as being in the active period of RA according to 
DAS28 scoring. The average number of peripheral white blood 
cells (WBCs) in circulation was significantly higher in RA pa-
tients than in HCs (8.1±2.9 vs. 6.1±1.1 cells/L), while the pro-
portion of lymphocytes in WBCs was significantly lower in RA 
patients than in HCs (P<0.05).

Correlations of serum IL-37, IL-6 and TNF-a in RA patients

Serum levels of IL-37, IL-6, and TNF-a were tested by ELISA. 
As shown in Table 1, the levels of these cytokines in RA pa-
tients were remarkably higher compared to those in HCs. The 
serum levels of IL-6 and IL-37 correlated positively with TNF-a 
(Figure 1A, 1B). However, there was no significant correlation 
between the serum levels of IL-6 and IL-37 (Figure 1C). This 
result indicates that the pro-inflammatory cytokines TNF-a 
and IL-6 and the anti-inflammatory cytokine IL-37 contribute 
to the occurrence of RA.

Clinical characteristics of T cell subsets and monocytes in 
RA patients

To determine the proportion of T cell subsets and monocytes, 
flow cytometry was performed. Representative flow cytom-
etry results are shown in Figure 2. Statistically, RA patients 
had a remarkably higher percentage of peripheral CD3+CD4+ 
T cells than HCs (35.10 (10.40, 54.10) vs. 29.85 (13.70, 44.20), 
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Figure 1.  The correlation of IL-6 and TNF-a with IL-37 in RA patients. (A) Correlation between TNF-a and IL-6 in RA patients. 
(B) Correlation between IL-37 and TNF-a in RA patients. (C) Correlation between IL-37 and IL-6 in RA patients. Correlations 
between two cytokines were analyzed by Pearson or Spearman rank correlation test. A value of p<0.05 was considered to be 
statistically significant.
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p=0.0200), and CD3+CD4+CD25+CD127low T cells (regulato-
ry T cells) (5.02 (1.99, 10.20) vs. 3.95 (2.00, 6.70), p=0.0018) 
(Table 2). Meanwhile, RA patients presented a significantly 
lower percentage of CD3+CD8+ T cells than HCs (19.10 (6.82, 
49.40) vs. 24.30 (6.82, 50.30), p=0.0052), as well as CD3+CD4–

CD8– T cells (2.97 (0.72, 25.80) v 4.53 (1.86, 24.60), p=0.0019). 
Nevertheless, the proportion of CD14+ cells (monocytes) was 
similar in the 2 groups. This result suggests that the imbalance 
of T cell subsets contributes to the onset of RA.

TIM-3 level on different T cell subsets and monocytes in 
RA patients

Populations of varied T cell subsets and monocytes in RA pa-
tients and HCs were gated using FACS, and the surface ex-
pressions of TIM-3 on these cells were subsequently eval-
uated. Representative flow cytometry results are shown in 
Figure 3. As shown in Figure 4, surface expressions of TIM-3 

on CD3+CD4+ T cells (Figure 4A), CD3+CD8+ T cells (Figure 4B), 
CD3+CD4+CD25+CD127low T cells (Figure 4C), CD3+CD4–CD8– T 
cells (Figure 4D), and CD14+ cells (Figure 4E) were all higher 
in RA patients than those on the corresponding cells of HCs 
(p<0.05), indicating that the increase of TIM-3 expression on 
various T cell subsets may be a compensatory reaction against 
the elevation of pro-inflammation cytokines.

Correlation between TIM-3 expression and RA disease 
activity

To analyze how TIM-3 expression relates to RA disease activity, 
correlation analysis was performed. No correlation was found 
between DAS28 score and TIM-3 expression on CD3+CD4+ T 
cells (r=0.113, p=0.383), CD3+CD8+ T cells (r=–0.142, p=0.270), 
CD3+CD4+CD25+CD127low T cells (r=0.083, p=0.522), CD3+CD4–

CD8– T cells (r=–0.006, p=0.968), and CD14+ cells (r=0.149, 
p=0.250). Similarly, no correlation was found between CRP 

CD4
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Figure 2.  Representative flow cytometry results. The percentage of different T cell subsets in RA patients and HCs was analyzed 
by flow cytometry. The T cell subsets included CD3+CD4+ T subsets, CD3+CD8+ T subsets, CD3+CD4+CD25+CD127LowCD4+ T 
subsets, CD3+ CD4–CD8– T subsets, and CD14+ monocytes.

Cell subsets Rheumatoid arthritis patients Healthy controls P value

CD3+CD4+ T cells  35.10 (10.40, 54.10)  29.85 (13.70, 44.20) 0.0200

CD3+CD8+ T cells  19.10 (6.82, 49.40)  24.30 (6.82, 50.30) 0.0052

CD3+CD4+CD25+

CD127low T cells
 5.02 (1.99, 10.20)  3.95 (2.00, 6.70) 0.0018

CD3+CD4–CD8– T cells  2.97 (0.72, 25.80)  4.53 (1.86, 24.60) 0.0019

CD14+ T cells  2.82 (0.65, 34.70)  2.64 (1.36, 5.82) 0.2900

Table 2. Comparisons of T cell subsets and monocyte between rheumatoid arthritis patients and healthy controls.

Values are shown as median (range), unless otherwise noted.
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and TIM-3 expression on CD3+CD4+ T cells (r=0.239, p=0.061), 
CD3+CD8+ T cells (r=–0.052, p=0.690), CD3+CD4+CD25+CD127low 
T cells (r=0.149, p=0.247), CD3+CD4–CD8– T cells (r=–0.143, 
p=0.355), and CD14+ cells (r=0.213, p=0.100). This was also 
the case between ESR and TIM-3 expression on CD3+CD4+ T 
cells (r=0.116, p=0.371), CD3+CD8+ T cells (r=–0.162, p=0.209), 
CD3+CD4+CD25+CD127low T cells (r=0.179, p=0.164), CD3+CD4-

CD8- T cells (r=0.061, p=0.693), and CD14+ cells (r=0.247, 
p=0.055).

Correlation between TIM-3 expression and IL-37

To analyze how TIM-3 expression affects IL-37, correlation anal-
ysis was performed. No correlation was found between IL-37 
and TIM-3 expression on CD3+CD4+ T cells (r=–0.237, p=0.147), 
CD3+CD8+ T cells (r=–0.098, p=0.555), CD3+CD4+CD25+CD127low 
T cells (r=–0.072, p=0.664), CD3+CD4-CD8- T cells (r=0.152, 
p=0.361), and CD14+ cells (r=–0.101, p=0.624).

Discussion

RA is an autoimmune inflammatory disease featuring articular 
synovial proliferation with or without systemic inflammatory re-
action [25]. The imbalance between pro- and anti-inflammatory 

cytokine activities [6] is involved in the pathogenesis of RA. 
Therefore, promoting the expression of anti-inflammatory cy-
tokines and/or inhibiting the expression of pro-inflammato-
ry cytokines [26] may be a promising tactic for RA therapy.

As a newly identified anti-inflammatory cytokine, IL-37 can in-
hibit the expression, production, and function of pro-inflam-
matory cytokines [19] and is involved in the development of 
autoimmune diseases [14,27]. As shown in our present study, 
IL-37, TNF-a, and IL-6 in RA patients were remarkably higher 
compared to levels in HCs. The serum level of IL-37 was posi-
tively correlated with TNF-a, but no correlation was found be-
tween IL-37 and IL-6. This result is in accord with a previous 
study [22]. Both TNF-a and IL-6 contribute to the pathogenesis 
of RA [28,29], but the why IL-37 was positively correlated with 
TNF-a rather than IL-6 remains unclear. In this study, we spec-
ulate that increased IL-37 is likely to be stimulated by pro-in-
flammatory cytokines such as IL-6 and TNF-a. IL-37 suppress-
es excessive inflammatory reaction by mediating a negative 
feedback mechanism in RA patients. Nevertheless, increased 
IL-37 could not completely neutralize the deteriorating effects 
of pro-inflammatory cytokines in active RA.

Besides cytokines, multiple T cell subsets also contribute to 
the pathogenesis of RA [30,31]. In the present study, we found 
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Figure 3.  Representative flow cytometry results. The expression of TIM-3 on different T cell subsets was analyzed by flow cytometry. 
The results of RA patients and HCs are shown.
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that the proportion of CD3+CD4+ T cells was significantly higher 
and the percentage of CD3+CD8+ T cells was significantly lower 
in RA patients compared to HCs. These findings are identical 
with those of previous studies [32,33]. CD4+ T cells are neces-
sary for disease initiation [34]. The depletion of CD4v T cells 
suppresses autoantibody production and reduces disease se-
verity in the collagen- and antigen-induced arthritis models in 
rodents [35,36]. In contrast, depletion of CD8+ T cells enhanced 
the onset of arthritis in severe combined immune deficiency 
(SCID) mice [35] or did not significantly affect the transfer of 
arthritis into SCID mice [36]. These results demonstrate that 
CD4+ T cells are essential in the pathogenesis of antigen-in-
duced arthritis (AIA), whereas CD8+ T cells seem to not be re-
quired for the induction of this disease [36] or might have a 
suppressive role in the etiology [35].

Regulatory T cells have been found in synovial tissue and pe-
ripheral blood of RA patients [37–40]. However, there is a con-
troversy regarding the relative number and function of regula-
tory T cells in RA [4,37,40]. Here, we found that the proportions 

of regulatory T cells were significantly higher in RA patients 
compared to HCs. This result is in accordance with the study 
by van Amelsfort et al. [4]. Depletion of CD25+ cells with an-
ti-CD25 antibody led to the aggravation of joint inflamma-
tion [41,42] and adoptive transfer of regulatory T cells dur-
ing the initiation phase of arthritis decreased the severity of 
disease [42,43]. Therefore, increased numbers of regulatory T 
cells benefit the body in regulating the overactive inflamma-
tion reaction and function as the compensatory response to 
the pro-inflammatory mediators or cells, but the compensa-
tion is always incomplete.

Similarly, with regulatory T cells, double-negative (CD4–CD8–) T 
(DNT) cells represent a novel suppressor cell population negative-
ly regulating immune responses. It has been reported that DNT 
cells participate in multiple autoimmune diseases [44–46]. The 
proportion of DNT cells was considerably increased in SLE [44,45] 
and Behcet’s disease patients [46]. However, the character of 
DNT cells in RA remains unclear. In our present study, the propor-
tion of DNT cells (CD3+CD4–CD8– T cells) was remarkably lower 

Figure 4.  TIM-3 expressions on different T cell subsets and monocyte in RA patients. (A) Proportions of CD3+CD4+TIM-3+ T cells 
in RA compared to HCs. (B) Proportions of CD3+CD8+TIM-3+ T cells in RA patients compared to HCs. (C) Proportions of 
CD3+CD4+CD25+ CD127lowTIM-3+ T cells in RA patients compared to HCs. (D) Proportions of CD3+CD4–CD8– TIM-3+ T cells in 
RA patients compared to HCs. (E) Proportions of CD14+TIM-3+ cells in RA patients compared to HCs. The horizontal indicates 
the median values of the different groups. The differences between the 2 groups were analyzed by Mann-Whitney U test. A 
value of p<0.05 was considered to be statistically significant.
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in RA patients compared to HCs. This result is consistent with 
another study, which reported that RA patients presented con-
siderably lower levels of gamma delta DNT cells in peripheral 
blood than in control subjects, which means that gamma delta 
DNT cells are probably relevant to RA and take part in the mech-
anism of RA [47]. The weakness of negative regulation caused 
by the decrease of DNT cells partially results in the onset of RA.

TIM-3 is expressed primarily on the surface of activated 
CD3+CD4+CD8- T cells and other immune cells such as CD3+CD8– 
IL-17+ T lymphocytes, CD3+CD4-CD8+ T lymphocytes, macro-
phages, natural killer T cells, and dendritic cells [48,49]. TIM-
3 negatively regulates the T cell response by inducing T cell 
apoptosis [50] and serves as a phagocytic receptor to eliminate 
apoptotic cells [51]. In the present case-control research, the 
expression of TIM-3 on various T cell subsets and monocytes 
between RA patients and the matched HCs were assessed and 
compared. The results showed that the surface expressions 
of TIM-3 on CD3+CD4+ T cells, CD3+CD8+ T cells, regulatory T 
cells, DNT cells, and monocytes were remarkably higher in RA 
patients compared with healthy controls. These results are in 
accordance with previous studies that suggested the dysreg-
ulation of TIM-3 expression on CD8+ T cells and CD4+ T cells 
is partially due to autoimmune diseases [48,52]. These data 
show that TIM-3 is probably involved in the mechanism of RA 
and functions as the compensatory response to synovial in-
flammation and proliferation. However, in the present study, 

the results of differences between the expression of Tim-3 
in various T cell subsets and DAS28 scores were inconsistent 
with previous studies [14,15], which may be attributed to the 
different status of patients. In our study, the enrolled patients 
included not only newly diagnosed patients, but also treated 
patients. Even though both IL-37 levels in plasma and the sur-
face expressions of TIM-3 on various T cells from RA patients 
significantly increased, no correlation was found between TIM-
3 and IL-37, which means that TIM-3 and IL-37 may have no 
synergetic effect and may play independent roles via differ-
ent signal transduction pathways.

Conclusions

In conclusion, the surface expressions of TIM-3 on different 
T cell subsets and monocytes, as well as the serum concen-
tration of IL-37, were significantly higher in RA patients com-
pared to HCs. These findings suggest that pro-inflammatory 
cytokines such as TNF-a and IL-6 and anti-inflammatory me-
diators such as TIM-3 and IL-37 simultaneously play an impor-
tant role in the pathogenesis of RA. TIM-3 and IL-37 are like-
ly to be the potential biomarkers of active RA.
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