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Abstract
Background Circulating regulatory T cells (Tregs) are responsible for mediating immune tolerance and
maintaining immunological homeostasis. Decreases in Tregs may be involved in the onset of rheumatoid
arthritis (RA). Low-dose interleukin-2 (IL-2) has been considered for the treatment of inflammatory
diseases mediated by T cells. This study focused on the status of circulating CD4+T subsets and the
clinical feasibility of IL-2 therapies in patients with RA.
Methods The subjects included 888 patients with RA and 100 healthy controls (HCs); 233 RA patients
received IL-2 treatment of at 0.5 million international units (MIU)/day from days 1 through 5. The
demographic features, disease activity, and levels of CD4+T cells measured by modified flow cytometry
were collected in all RA patients before and after treatment.
Results RA patients had lower absolute Treg counts (but not Th17) compared with HCs, which was
associated with disease activity; previously treated RA patients had the fewest circulating Tregs (P <
0.05). Patients treated with low-dose IL-2 had a three-fold increase in absolute anti-inflammatory Treg
counts, as well as a two-fold increase in the other CD4+T subsets. Moreover, post-treatment levels of
markers of disease activity in RA patients treated with IL-2 were significantly lower than the baseline
values (P < 0.001), with no apparent side effects.
Conclusions Decreased absolute counts of circulating CD4+T lymphocyte subsets were observed in
patients with RA. Circulating Tregs, which mediate immune tolerance, may be involved in the
pathogenesis and progression of RA; however, this was ameliorated by low-dose IL-2, without obvious
side effects.

Key Messages
1. Circulating Tregs may be involved in the pathogenesis and progression of RA.
2. The absolute count of Tregs was significantly correlated with disease activity mesures.
3. Low-dose IL-2 was able to effectively expade Tregs and help for RA patients’ symptoms remission
without evaluated side effects.

Introduction
Rheumatoid arthritis (RA) is a common chronic and progressive autoimmune inflammatory rheumatic
disease of multiple synovial joints, ultimately driven by aberrant immune responses1. Chronic
inflammation can lead to joint damage, severe disability and even a higher risk of mortality without
adequate treatment2. Disease-modifying antirheumatic drugs (DMARDs), including conventional
synthetic DMARDs such as methotrexate, biologic DMARDs such as IL-6R antibodies and JAK inhibitors,
and targeted synthetic DMARDs, may improve physical function and inhibit the progression of joint
damage by blocking the overwhelming production of pro-inflammatory cytokines that hinder the return to
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immunological homeostasis3 4. Changes in immune-cell function and/or number are mainly responsible
for the progressive destruction caused by RA, a T cell–dependent disease, and promotion of synovial
joint articular cartilage degradation and subchondral bone erosion5. However, there is no consensus on
the levels and function of T cell populations in peripheral blood (PB). Therefore, this should be the priority
of research efforts to elucidate the pathogenesis of RA and assess the efficacy of novel therapies.
Several recent studies have focused on the role of impaired immune regulation, resulting mainly from T
cells with a regulatory phenotype, in the pathophysiology of RA3. Immunoregulation mediated by
regulatory T cells (Tregs) derived from CD4 + CD25 + T cells, with high expression of fork head box protein
3 (FoxP3), is one of the most crucial mechanisms to maintain self-tolerance and immune system
homeostasis, and may prevent the production of autoantibodies such as anti-cyclic citrullinated peptide
antibodies (anti-CCPs)6 7. Autoimmune responses can be adjusted by re-establishing the T cell balance in
favor of Tregs, as shown in animal models of rheumatic disease8. Impaired self-tolerance caused by
deficiencies in the function and/or number of Tregs may be an important therapeutic target for RA, and is
being extensively investigated in several autoimmune/inflammatory disorders, such as systemic lupus
erythematosus, psoriasis, ankylosing spondylitis, and Behçet’s disease8 9. However, most previous studies
focused on the proportion of Tregs, that can be affected by levels of CD4 + T cells and their subsets (such
as Th1, Th2, and Th17 cells), rather than the absolute counts, and did not include large amounts of
clinical data10.
Interleukin-2 (IL-2), a soluble T-cell growth factor produced mainly by antigen-activated T cells, has a
unique ability to control the proliferation and differentiation of T cells by binding to three different highaffinity receptor subunits, including an IL-2 receptor α chain (CD25 or IL-2Rα), an IL-2 receptor β chain
(CD122 or IL-2Rβ), and a γ subunit (CD132 or γc), on target cell membranes in vitro11 12. Systemic fatal
autoimmune diseases can develop when T cell regulation by IL-2 is deficient13. Indeed, the role of IL-2 (as
an immunomodulatory cytokine) in the function and differentiation of CD4 + T lymphocyte subsets,
especially Tregs with high expression of IL-2Rα, has been the focus of extensive studies on immunemediated diseases in vitro or in vivo9 14. Our previous studies found the efficacy and safety of low-dose
IL-2 targeted regulation of Tregs levels in patients with psoriatic arthritis (PsA)15,
dermatomyositis/polymyositis (DM/PM)16, primary Sjögren's syndrome (pSS)17. However, evidence of
the clinical efficacy and safety of IL-2 combined treatment in patients with RA is still lacking.
In this retrospective study, we measured the absolute counts of CD4 + T subsets using modified flow
cytometry in patients with RA and healthy controls (HCs), to elucidate the immune mechanism of RA. All
RA patients received DMARDs with or without low-dose IL-2 treatment, to further clarify the clinical
feasibility of IL-2 treatment for RA.

Methods
Participants
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The participants included 888 patients with RA, seen at the Second Hospital of Shanxi Medical University
between January 2016 and September 2018 and who met the 1987 and 2010 RA classification criteria18
19,

and 100 HCs. The study was approved by the hospital’s Ethics Committee (ethics number: 2016-KY007). Exclusion criteria included the presence of other autoimmune diseases such as SLE; history of
chronic infection and malignancy; severe active infection (such as tuberculosis, hepatitis viruses, HIV or
Epstein-Barr virus); severe hepatic and renal dysfunction; pregnant or lactating females.
Treatment
In total, 233 RA inpatients with informed consent were received additional IL-2 treatment at 0.5 million
international units (MIU)/day from days 1 to 5, combined with conventional immunosuppressants
treatments (Supplementary table 1).
Data collection
The demographic and clinical data of the RA patients were recorded before and after treatment, including
disease activity, such as the tender joint count (TJC), swollen joint count (SJC), and Disease Activity
Score-28 (DAS28); and general laboratory indicators, such as the erythrocyte sedimentation rate (ESR),
complete blood count, and liver and kidney function tests.
The absolute counts and proportions of CD4+T subsets, including helper T (Th)1 (CD4+γ-IFN+), Th2
(CD4+IL-4+), Th17 (CD4+IL-17+), and Tregs (CD4+CD25+FOXP3+) (Supplementary Figure 1), were
measured by modified flow cytometry15 17 in HCs and all RA patients before treatment, and only those
patients receiving low-dose IL-2 underwent re-evaluation of CD4+ T cell subsets levels within 2 days of
treatment completion.
Statistical analysis
Categorical data are expressed as frequencies and were analyzed using the chi-squared test. Nonnormally distributed data are expressed as the median (range) and were analyzed using the Mann–
Whitney U test or Kruskal–Wallis H test. Normally or near-normally distributed data are described as
mean ± SD and were analyzed using the independent samples t-test or ANOVA test. The paired samples ttest was used to analyze changes in disease activity and laboratory indices after IL-2 treatment in RA
patients. The correlations between the absolute counts of Tregs and disease activity parameters were
analyzed using Pearson’s correlation. The correlations of autoantibodies with markers of disease activity
and Tregs were analyzed using Spearman’s correlation. SPSS 22.0 software (IBM Corp., Armonk, NY, USA)
was used for the statistical analyses. A 2-tailed P-value < 0.05 was considered statistically significant.

Results
Baseline characteristics of all subjects
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A total of 888 RA patients (618 females and 270 males) with a mean age of 55.8 ± 13.0 years, and 100
HCs (65 females and 35 males) with a mean age of 54.4 ± 8.0 years were enrolled. The RA patients
included 188 new patients (129 females and 59 males, without any immunosuppressants or steroids)
with a mean age of 54.4 ± 14.0 years, and 700 patients already treated with immunosuppressants or
corticosteroid (489 females and 211 males) with a mean age of 56.2 ± 12.7 years. There was no
statistically significant difference in gender or age among the groups (P > 0.05) (Table 1). In total, 233
patients with RA received the IL-2 treatment (0.5 MIU/day for 5 days) and their absolute counts and
proportions of peripheral CD4 + T subgroups were measured.
Table 1
Baseline characteristics of all subjects (mean ± SD)
Healthy controls

RA

t

P

n

100

888

Age (years)

54.4 ± 8.0

55.8 ± 13.0

1.60

0.112

Gender (female/male)

65/35

618/270

0.89

0.346

Th1 (cells/µL)

124.7 ± 80.77

88.68 ± 77.23

4.40

< 0.001

Th2 (cells/µL)

8.89 ± 5.45

9.58 ± 6.52

1.01

0.312

Th17 (cells/µL)

7.22 ± 4.04

7.17 ± 6.01

0.10

0.918

Treg (cells/µL)

35.2 ± 12.98

27.98 ± 16.71

4.18

< 0.001

Th1%

17.96 ± 9.97

13.65 ± 10.02

4.08

< 0.001

Th2%

1.32 ± 0.79

1.56 ± 1.06

2.21

0.027

Th17%

1.06 ± 0.57

1.18 ± 1.07

1.76

0.080

Treg%

5.12 ± 1.46

4.38 ± 2.01

4.58

< 0.001

Th1/Th2

19.97 ± 25.1

11.34 ± 10.31

3.41

0.001

Th17/Treg

0.23 ± 0.15

0.35 ± 0.47

5.49

< 0.001

RA: rheumatoid arthritis; Th: helper T cells; Treg: regulatory T cells.
Differences in CD4 + T subset levels between RA patients and healthy controls
Both new and previously treated RA patients had decreased absolute counts of Tregs, but not Th17 or
Th2 cells, compared with HCs (27.98 ± 16.71 vs. 35.2 ± 12.98, P < 0.001); the fewest Tregs were in PB
from patients already treated with immunosuppressive therapies (P < 0.05). The counts of circulating Th1
cells were also lower in RA patients overall, and in the previously treated RA patients, compared with the
HCs, but there was no significant difference between the new RA patients and HCs. Compared with HCs,
RA patients (both new and previously treated) had a lower proportion of Tregs but no difference in that of
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Th17; thus, the Th17/Treg ratio was significantly higher in RA patients (P < 0.05) (Table 1, Fig. 1). The
proportions of Th1 and Th2 decreased and increased, respectively, and as a result the ratio of Th1/Th2
increased, in both RA patients overall and previously treated RA patients (P < 0.05), but not in new RA
patients (P > 0.05) (Supplementary Fig. 2). Peripheral Tregs were the only CD4+T subset that showed a
significant decrease in absolute counts in both previously treated and new RA patients compared with
HCs, which suggested that Tregs may be the crucial lymphocyte subset involved in the onset of RA
(Fig. 1).
Changes in CD4 + T subset levels in RA patients varying in disease activity level
Based on DAS28-ESR, all patients with RA were divided into remission (DAS28 ≤ 2.6, n = 47), low activity
(2.6 < DAS28 ≤ 3.2, n = 56), moderate activity (3.2 < DAS28 ≤ 5.1, n = 361), and high activity groups (5.1 <
DAS28, n = 424) (Table 2). The clinical remission rate of RA was only 5%, whereas nearly half of all RA
patients had high disease activity. As the condition of the RA patients deteriorated, a gradual decline in
the absolute counts of CD4 + T subsets, especially Tregs, was observed, although the proportions of
those subsets and the Th17/Treg and Th1/Th2 ratios did not change significantly (Table 2,
Supplementary Fig. 3). The fewest Tregs, Th17, Th1, and Th2 cells were seen in the PB of patients with
high disease activity (P < 0.05) (Table 2). The absolute count of Tregs was significantly correlated with
the disease duration (P < 0.05) and markers of disease activity (P < 0.001), including ESR, C-reactive
protein (CRP), TJC, SJC, and DAS28 (Fig. 2).
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Table 2
Differences in absolute counts of CD4 + T subgroups among patients with different disease activity levels
(mean ± SD)
Healthy
controls

RA remission

RA - low

RA - moderate

RA - high

DAS28 < 2.6

2.6 ≤ DAS28
< 3.2

3.2 ≤ DAS28
< 5.1

DAS28 ≥ 5.1

n

100.00

47

56

361

424

Gender
(female/male)

65/35

30/17

34/22

245/116

309/115

Age (years)

54.4 ± 8.0

51.64 ±
12.62

52.86 ± 13.26

54.94 ± 13.54

57.48 ±
12.38abcd

Th1 (cells/µL)

124.7 ±
80.77

111.64 ±
100.63

100.07 ±
99.01

99.28 ±
81.15a

75.61 ±
64.69abd

Th2 (cells/µL)

8.89 ± 5.45

12.35 ±
7.62a

10.9 ± 6.87

9.91 ± 6.33b

8.82 ± 6.39bcd

Th17 (cells/µL)

7.22 ± 4.04

9.03 ± 7.01

7.63 ± 5.92

7.68 ± 6.3

6.47 ± 5.56bd

Treg (cells/µL)

35.2 ± 12.98

31.03 ±
15.22

30.86 ± 19.55

29.57 ±
16.59a

25.91 ±
16.36abd

Th1%

17.96 ± 9.97

13.85 ±
9.95a

14 ± 11.16a

14.22 ±
10.02a

13.1 ± 9.87a

Th2%

1.32 ± 0.79

1.74 ± 1.24a

1.66 ± 1.45

1.5 ± 0.9

1.57 ± 1.11a

Th17%

1.06 ± 0.57

1.47 ± 2.05

1.16 ± 0.93

1.17 ± 0.97

1.16 ± 1

Treg%

5.12 ± 1.46

4.16 ± 1.9a

4.22 ± 1.86a

4.41 ± 1.95a

4.41 ± 2.1a

Th1/Th2

19.97 ± 25.1

12.71 ±
14.01

11.43 ±
11.14a

11.9 ± 10.73a

10.69 ± 9.3a

Th17/Treg

0.23 ± 0.15

0.46 ± 0.76a

0.33 ± 0.32a

0.33 ± 0.42a

0.35 ± 0.48a

RA: rheumatoid arthritis; Th: helper T cells; Treg: regulatory T cells. a−d P < 0.05: a vs. healthy; b vs.
remission; c vs. low; d vs. moderate.
Changes in antibody levels in RA patients varying in disease activity levels
Levels of autoantibodies, such as rheumatoid factor (RF), anti-CCP, and anti-mutated citrullinated
vimentin antibody (anti-MCV), were recorded in 774 patients with RA. The levels of RF and anti-MCV were
lower in RA patients in remission than in patients with active RA, whereas the anti-CCP level was not
significantly different among RA patients with different disease activity levels (Supplementary Fig. 4).
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The level of RF was significantly correlated with indicators of disease activity, such as DAS28, ESR, and
CRP, while anti-MCV was significantly correlated only with DAS28 and ESR. In addition, only RF was
significantly correlated with the absolute count of peripheral Tregs (Supplementary Fig. 5).
Changes in disease activity parameters and general biochemical indicators in RA patients with low-dose
IL-2 treatment
After low-dose IL-2 treatment, indicators of disease activity, including ESR, CRP, TJC, SJC, and DAS28,
decreased significantly compared with baseline values (P < 0.001) (Table 3). Compared with baseline
values, white blood cell (WBC), neutrophilic granulocyte, and lymphocyte counts increased significantly
(P < 0.001), platelet (PLT) counts decreased (P < 0.001), and red blood cell (RBC) counts did not change
(P > 0.05) in the PB of RA patients with IL-2 treatment; however, the levels of these indicators fell within
the normal range. Liver function, assessed by aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and γ-glutamine transferase (GGT) concentrations, was not affected; AST was
lower than baseline (P < 0.05) but still within the normal range. Blood urea nitrogen (BUN) and serum
creatinine (CREA), which indicate renal function, significantly increased and decreased, respectively,
relative to baseline (P < 0.05) but were within the normal range (Table 3).
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Table 3
Indicators of the efficacy and safety of IL-2 treatment (mean ± SD)
Before IL-2

After IL-2

t

P

ESR (mm/h)

59.85 ± 36.62

28.88 ± 25.4

13.798

< 0.001

CRP (mg/L)

41.98 ± 47.88

10.26 ± 21.64

8.078

< 0.001

TJC

10.07 ± 7.97

3.94 ± 4.76

14.636

< 0.001

SJC

6.4 ± 7.63

1.7 ± 3.32

11.212

< 0.001

DAS28

5.44 ± 1.34

3.66 ± 1.09

22.611

< 0.001

WBC (× 109/L)

6.87 ± 2.89

9.62 ± 4.99

7.995

< 0.001

RBC (× 1012/L)

4.16 ± 0.55

4.29 ± 1.21

1.518

0.131

PLT (× 109/L)

299 ± 101

270 ± 90

5.586

< 0.001

Neutrophilic granulocyte (× 109/L)

4.82 ± 2.53

6.31 ± 3.07

6.905

< 0.001

Lymphocyte (× 109/L)

1.57 ± 0.64

2.41 ± 1.15

10.959

< 0.001

ALT (U/L)

24.71 ± 17.27

30.49 ± 34.05

1.457

0.15

AST (U/L)

27.06 ± 19.66

21.02 ± 14.91

2.428

0.018

GGT (U/L)

38.72 ± 39.83

39.73 ± 36.39

0.218

0.828

BUN (mmol/L)

5.46 ± 1.95

6.01 ± 2.21

2.124

0.038

CREA (mmol/L)

57.75 ± 14.9

55.36 ± 15.66

2.306

0.025

ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; TJC: tender joint count; SJC: swollen joint
count; DAS28: Disease Activity Score-28; WBC: white blood cells; RBC: red blood cells; PLT: platelet;
ALT: alanine aminotransferase; AST: aspartate aminotransferase; GGT: γ-glutamine transferase; BUN:
blood urea nitrogen; CREA: serum creatinine.
Changes in CD4 + T subset levels in RA patients with IL-2 treatment
Patients treated with low-dose IL-2 showed a three-fold increase in the absolute counts of antiinflammatory Tregs (26.26 ± 15.51 to 92.8 ± 64.92), and a two-fold increase in other CD4 + T subsets,
such as Th1, Th2, and Th17 cells (P < 0.001) (Fig. 3); however, the proportions of CD4 + T subsets did not
change significantly (P > 0.05) (Supplementary Fig. 6). After IL-2 treatment, the Th17/Treg ratio decreased
significantly, down to the level of HCs, whereas the Th1/Th2 ratio did not change significantly (Fig. 3).
Safety
Low-dose IL-2 was well tolerated in all patients with RA. None of them displayed severe advent effect.
Non-severe adverse events were characterized by skin rashes at the injection site that could heal
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spontaneously without special treatment.

Discussion
CD4+CD25+FOXP3+T cells, also known as Tregs, can modulate the immune system, maintain selftolerance and immunological homeostasis, and suppress the proliferation of effector T cells and the
production of pro-inflammatory cytokines and autoantibodies. In human and animal studies, dysfunction
or reduction of circulating Tregs has been observed in autoimmune diseases, including systemic lupus
erythematosus20, dermatomyositis/polymyositis (DM/PM)16, primary Sjögren's syndrome (pSS)17, and
RA21 22. However, results from several studies regarding the levels of peripheral Tregs in RA are
controversial23. Thus, large amounts of data pertaining to the absolute counts of Tregs in PB have been
needed to confirm whether lack or dysfunction of circulating Tregs is crucial to the immune mechanism
of RA.
The present study investigated the levels of peripheral Tregs in a large sample of RA patients. Compared
with HCs, patients with RA had fewer Tregs and Th1 cells, but not Th17 cells, which are important
immune cells previously thought to be involved in the onset of RA. The reduced absolute count of Tregs
rather than Th1 cells was the only difference in immune cells between new RA patients (i.e., recent onset
or without previous immunosuppressive therapies) and healthy individuals. In addition, the absolute
count of Tregs was clearly associated with disease activity and RF, and gradually decreased with disease
progression in RA patients. These observations suggested that Tregs play an indispensable role in the
pathogenesis and progression of RA. Evidence that Tregs may be involved in the progression of arthritis
comes primarily from experimental mouse studies wherein disease was exacerbated with treatment by
anti-25-depleting antibody to deplete Tregs24; conversely, adaptive transplantation of Tregs could lead to
reduced disease activity25–27. We previously reported that the absolute count of Tregs was significantly
lower in patients with DM/PM (both new and previously treated patients) compared with healthy subjects,
while there was no significant difference between new and previously treated patients16. In other
autoimmune diseases similar to RA, deficient immune tolerance mediated by depletion of circulating
Tregs also contributes to the disease17 20 28. In addition, autoantibodies, such as RF and anti-MCV, were
higher in patients with active RA, and were significantly correlated with markers of disease activity.
Follicular Th cells are involved in the generation of high-affinity antibodies characteristic of RA, such as
RF, anti-CCP, and anti-MCV, which can be suppressed with elevated expression of Tregs29.The mechanism
of deficient immune tolerance mediated mainly by peripheral Tregs in RA patients has been unclear in
previous studies, possibly due to decreased absolute counts of peripheral Tregs caused by Tregs
migrating and presenting in inflamed joints during inflammatory responses30, or to the dysfunction of
Tregs induced by IL-2 deficiency in patients with RA13 31 32. In addition, previous immunosuppressive
drugs, such as methotrexate and leflunomide, as well as glucocorticoid, can lead to or exacerbate
deficiency in Tregs or other CD4 + T lymphocyte subpopulations, thereby increasing the risk of infections
and tumors33–35. Therefore, immunoregulation regimens targeting Tregs, such as supplementation with
exogenous IL-2 (or transfer of Tregs) to restore self-tolerance, may provide a new avenue for treating Tregmediated diseases, such as RA. IL-2 has been shown to influence T cells differentiation in a dosePage 11/20

dependent way9. In our previous studies, the efficacy and safety of low-dose IL-2 for peripheral Tregs
proliferation and disease remission were confirmed in patients with PsA15, DM/PM16 and primary SS 17,
without evaluated side effects.
Low-dose IL-2 in patients with RA can reduce disease activity by restoring immune tolerance and
promoting the proliferation of circulating Tregs, without obvious adverse reactions or side effects. When
the disease was gradually relieved, pro-inflammatory markers, such as Th17 cells, also increased
significantly, which further confirmed that Tregs were the main lymphocyte subgroup involved in the
pathogenesis of RA. Rosenzwajg9 reported that all autoimmune and inflammatory diseases are
associated with insufficient Tregs; low-dose IL-2 selectively and safely activated and increased Tregs in
11 autoimmune diseases, although only three subjects with RA were enrolled. Other studies have reported
that low-dose IL-2 may also amplify Tregs and natural killer cells, thus sustaining cellular immunity, and
is a well-tolerated treatment for SLE20 36, consistent with the results of Rosenzwajg9. Thus, the safety and
efficacy of IL-2 has been demonstrated in different diseases without serious adverse treatment-related
effects; however, the mechanism of IL-2 still needs further study. Although the present study included a
large number of samples, long-term follow-up is needed to further confirm the efficacy and safety of lowdose IL-2 combination treatment.
In conclusion, decreased absolute counts of circulating CD4 + T lymphocyte subsets were observed in
patients with RA. Moreover, circulating Tregs, which mediate immune tolerance, may be involved in the
pathogenesis and progression of RA and can be restored by low-dose IL-2 without obvious side effects.
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Figures

Figure 1
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Changes in the absolute counts of peripheral CD4+T subsets among new (n = 188) and previously treated
(n = 700) patients with RA and healthy controls (n = 100). (a) The absolute count of Th1 cells from
previously treated patients with RA was significantly lower than that of healthy individuals and new RA
patients. New RA patients had a similar level of Th1 cells as healthy controls. (b and c) There were no
significant differences in the absolute counts of Th2 or Th17 cells between RA patients and healthy
controls. (d) RA patients, both new and previously treated, had decreased absolute counts of Tregs
compared with healthy controls; the fewest circulating Tregs were from previously treated RA patients. (e
and f) The Th1/Th2 ratio was significantly lower, and the Th17/Treg ratio significantly higher, in patients
with RA. Previously treated patients had the lowest Th1/Th2 ratio. *P < 0.05, **P < 0.01, ***P < 0.001.
Significance values are asymptotic (2-sided tests) and the significance level is P < 0.05.
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Figure 2
Correlation between the absolute count of circulating Tregs and disease activity. (a–e) The absolute
count of Tregs in peripheral blood was negatively correlated with markers of disease activity, including
TJC, SJC, ESR, CRP, and DAS28, in patients with RA. *P < 0.05, **P <0.01, ***P <0.001. Significance values
are asymptotic (2-sided tests) and the significance level is P < 0.05. ESR: erythrocyte sedimentation rate;
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CRP: C-reactive protein; TJC: tender joint counts; SJC: swollen joint counts; DAS28: Disease Activity Score28; Treg: regulatory T cells.

Figure 3
Efficacy of short-term, low-dose IL-2 treatment in regulating levels of CD4+T subsets. (a–d) Absolute
counts of peripheral CD4+T subsets, especially Tregs, were significantly higher in RA patients after IL-2
treatment compared with the baseline. (e and f) The Th17/Treg ratio decreased significantly in RA
patients after IL-2 treatment, whereas the ratio of Th1/Th2 was not significantly different. Within-group
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comparisons were made using the paired samples t-test before and after IL-2 therapy. *** P < 0.001.
Significance values are asymptotic (2-sided tests) and the significance level is P < 0.05.
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