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Objective. To investigate the relationship between serum interleukin-2 (IL-2) levels and disease activity, absolute numbers of
peripheral lymphocyte subsets, autoantibodies, and associated cytokines in patients with rheumatoid arthritis (RA). Methods.
This study included 106 patients with RA, evaluated their disease activity (DAS28 score), and divided them into disease
remission (DAS28 � 2:6), low disease activity (DAS28 � 3:2), and moderate-high disease activity (DAS28 > 3:2) groups. Flow
cytometry was used to detect the absolute numbers of peripheral lymphocyte subpopulations and CD4+ T cell subsets in each
group, and serum cytokine levels were measured using cytometric bead array. Results. Serum IL-2 levels in RA patients were
positively correlated with disease activity and rheumatoid factor titers (p < 0:001 and p = 0:045, respectively), and multiple
regression analysis revealed that serum IL-2 levels were an independent factor a�ecting disease activity. Serum IL-2 levels were
positively correlated with Th17/Treg ratios (p = 0:013). Compared with the remission group, peripheral lymphocyte and CD4+
T lymphocyte subsets in patients with active RA decreased to varying degrees; however, the numbers of peripheral natural killer
(NK) cells were signi�cantly higher in the moderate-high disease activity group than in the remission (p = 0:046) and low
disease activity (p = 0
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homeostasis [6, 7]. Moreover, low-dose IL-2 has been used to
treat systemic lupus erythematosus (SLE), type 1 diabetes
(T1D), and other autoimmune diseases and has shown some
e�cacy [8, 9]. However, in RA patients, the relationships
among serum IL-2 levels and disease activity, Th17/Treg
immune balance, peripheral blood lymphocyte subpopula-
tion counts, RA-speci�c autoantibodies such as rheumatoid
factor (RF) and anticyclic citrullinated peptide (CCP), and
serum levels of other cytokines have rarely been reported.

Therefore, with the advancement of detection technology
and clinical application of the absolute numbers of lympho-
cyte subpopulations, the purpose of this study was to investi-
gate the relationship between serum IL-2 levels and various
clinical indicators, lymphocytes, and other cytokines in RA
patients to clarify the relationship between serum IL-2 levels
and RA.

2. Materials and Methods

2.1. Clinical Data. In total, 106 RA patients, comprising 26
males and 80 females with an average age of 46:96 ± 15:10
years, were recruited from the Rheumatology Department
of the Second Hospital of Shanxi Medical University
(Taiyuan, China) between March and October 2018. All
patients were diagnosed according to the revised American
College of Rheumatology/European League against Rheuma-
tism classi�cation criteria for RA of 2010 [10]. Exclusion cri-
teria were other autoimmune diseases, severe infections,
tumors, hypertension, diabetes, other chronic diseases, and
receiving low-dose human recombinant IL-2 treatment.
The retrospectively collected clinical and serological parame-
ters of these patients included white blood cell, hemoglobin,
lymphocyte, and platelet counts; erythrocyte sedimentation
rate (ESR); C-reactive protein (CRP), RF, anti-CCP antibody
(α-CCP), and cytokine levels; absolute numbers of peripheral
lymphocytes; and T cell subset data. All blood samples
required for clinical indicators were collected after fasting
on the morning of the patient’s consultation.

Based on the patient’s clinical symptoms and laboratory
tests, a disease activity score (DAS28) was evaluated:
DAS28 is scored on 28 joints including 10 metacarpophalan-
geal joints of both hands, 10 proximal interphalangeal joints
of both hands, and both wrist joints, both elbow joints, both
shoulder joints, and both knee joints. The DAS28 score is cal-
culated as follows: tender joint count (TJC), swollen joint
count (SJC), and ESR, DAS28 = ð0:56 × TJC + 0:28 × SJC +
0:7 × ln ESRÞ × 1:08 + 0:16. Based on the calculated values,
the patients were grouped into the disease remission
(DAS28 � 2:6), low disease activity (DAS28 � 3:2), and
moderate-high disease activity (DAS28 > 3:2) groups. The
di�erences in age and sex among the three groups were not
statistically signi�cant (p > 0:1). This study was approved
by the Ethics Committee of the Second Hospital of Shanxi
Medical University (Approval (2019) KY No. (105)), and all
subjects provided a written informed consent.

2.2. Flow Cytometry for Absolute Number of Peripheral
Lymphocytes and T Cell Subsets. To determine the percentage
and absolute numbers of peripheral lymphocytes and CD4+

T cell subsets, peripheral blood samples (2 ml) were collected
from each patient in EDTA anticoagulant tubes according to
the manufacturer’s recommendations (BD Biosciences,
Franklin Lakes, NJ, USA).

2.2.1. Absolute Numbers of Peripheral Blood Lymphocytes.
Two BD Trucount tubes containing a known number of �uo-
rescent beads were serially numbered (A and B), and 50μl
blood samples were added to the tubes by reverse loading.
Then, 20μl of anti-CD3-FITC/CD-8PE/CD45PercP/C-
D4APC antibodies was added to tube A, and 20μl of
CD3FITC/CD16+56-PE/CD45-PercP/CD19-APC antibod-
ies was added to tube B (all from BD Biosciences). The con-
tents of the tubes were mixed and incubated at room
temperature for 15–20 min in the dark. Then, 450μl XFACS
hemolysin was added and mixed thoroughly, followed by
incubation at room temperature for 15 min in the dark. In
total, 15000 cells were obtained for detection in 24 h and
analyzed by �ow cytometry and MultiSET software (BD
Biosciences) (Figure 1(a)).

2.2.2. CD4+ T Lymphocyte Subset Detection

(1) Th1, Th2, and Th17 Cell Cultures and Labeling. An 80μl
blood sample together with 10μl phorbol myristate acetate
working solution (�nal concentration, 30 ng/ml), 10μl iono-
mycin working solution (�nal concentration, 750 ng/ml), and
1μl GolgiStop were incubated at 37°C, 5% CO2 for 5 h. Then,
the samples were divided into two tubes, followed by staining
with anti-CD4-FITC antibodies at room temperature in the
dark for 30 min. The tubes were mixed with 1 ml freshly pre-
pared �xation/permeabilization solution and placed in an
incubator at 4°C in the dark for 30 min. Anti-IL-4-PE and
anti-interferon gamma (IFN-γ)-APC were added to the A
tube; anti-FITC-CD4 and anti-IFN-γ-APC (intracellular
staining) were used to detect Th1 cells and anti-FITC-CD4,
and anti-IL-4-PE (intracellular staining) were used to detect
Th2 cells. Anti-human IL-17-PE (intracellular staining) was
added to the B tube for Th17 cell analysis. The two tubes of
cells were stored at room temperature for 30 min in the dark
and washed with phosphate-bu�ered saline (PBS). The
absolute numbers of CD4+ T lymphocyte subsets were
automatically detected using BD Multitest software (BD
Biosciences). All immuno�uorescence antibodies were pur-
chased from BD Biosciences (Figure 1(b)).

(2) Detection of Treg Cells. Anti-CD4-FITC and anti-CD25-
APC were added to an 80μl blood sample and incubated at
room temperature in the dark for 30 min. Then, 1 ml freshly
prepared �xation/permeabilization solution was added to
each tube, mixed, and incubated at 4°C for 30 min. Anti-
FOXP3-PE (intracellular staining) was added and incubated
at room temperature for 30 min in the dark, followed by
washing with PBS and detection of Treg cells using �ow
cytometry. All immuno�uorescence antibodies were pur-
chased from BD Biosciences (Figure 1(b)).

(3) Flow Cytometry. The stained cells were measured using
�ow cytometry (Calibur; BD Biosciences) within 24 h. Based
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on the scatter plot of the forward angular scattered light rel-
ative to the lateral angular dispersive light (side scatter
(SSC)), the lymphocytes were gated to distinguish lympho-
cytes, and CD4 was used to distinguish CD4+ T cells from
the SSC gate; 10000 cells in the gate were taken. The relative
percentages were obtained and analyzed using CellQuest
software. The absolute number of cells in each subgroup
was calculated as: cell absolute number = percentage of

positive cells in each subset × absolute number of CD4 + T
cells ðcells/μlÞ cells/μl whole blood.

2.3. Detection of Cytokine Levels by Cytometric Bead Array.
The serum was separated from 4 ml venous blood after 1–
2 h and stored at -20°C. IL-2, IL-4, IL-6, IL-10, IFN-γ, and
tumor necrosis factor-α (TNF-α) were measured using �ow
cytometry. A cytometric bead array (CBA) kit was purchased
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Figure 1: Phenotypic characterization of lymphocyte subpopulations by �ow cytometry. (a) Representative �ow cytometry analysis of
peripheral lymphocytes. T: CD45+ CD3+; B: CD45+ CD3- CD19+; NK: CD45+ CD3- CD16+ CD56+; CD4+ T: CD45+ CD3+ CD4+;
CD8+ T: CD45+ CD3+ CD8+. (b) Representative �ow cytometry analysis of CD4+ T cell subsets. All dot plot analysis is of CD4+ gated
lymphocyte. Th1:CD4+ INF-γ+; Th2: CD4+ IL-4+; Th17: CD4+ IL-17+; Treg: CD4+ CD25+ Foxp3+.
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from Jiangsu Sage Biotechnology Co. Ltd. (Jiangsu, China)
and used according to the manufacturer’s instructions; the
results were expressed as pg/ml.

2.4. Statistical Processing. The count data were measured
using the chi-square goodness-of-�t test. The measurement
data were tested using the Kolmogorov-Smirnov test and
Levene’s t-test; the mean ± standard deviation was used to
represent the normality and homogeneity of variance. The
independent sample t-test was used for comparisons between
two groups; the analysis of variance method was used for
comparisons among groups. Nonnormal distribution data
were expressed as the median (M) and interquartile range
and tested using the Kruskal-Wallis H test. Correlation anal-
ysis was performed using the Pearson or Spearman correla-
tion. Di�erence was considered statistically signi�cant at
p � 0:05. All statistical analyses were performed using SPSS
software (ver. 23.0; SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Differences in Serum IL-2 Levels in RA Patients in the
Different Disease Activity Groups. Among the 106 patients
with RA, there was no statistically signi�cant di�erence in
the baseline clinical characteristics of the disease activity
groups in terms of sex, age, height, or weight. In addition,
there was no signi�cant di�erence in the duration of predni-
sone use, TNF-α inhibitor treatment, or use of other medica-
tion (p > 0:05). However, prednisone dosage was
signi�cantly higher in the moderate-high disease activity
group than in the disease remission group (p = 0:015)
(Tables 1(a) and 1(b)). To explore the relationship between
serum IL-2 levels and RA, we compared serum IL-2 levels
among the groups and found that levels were signi�cantly
higher in the moderate-high disease activity group than in
the remission and low disease activity groups (p = 0:002
and p = 0:001, respectively). However, there was no signi�-
cant di�erence between the remission group and the low dis-
ease activity group (p = 0:893) (Table 2 and Figure 2(b)).

3.2. Relationships among Serum IL-2 or Other Inflammatory
Cytokine Levels and Disease Activity in Patients with RA.
DAS28 scores were used to re�ect the disease activity of RA
patients. Serum IL-2 levels in RA patients were positively cor-
related with DAS28 scores (r = 0:339, p < 0:001), and with
visual analogue scores (VASs) (r = 0:315, p = 0:003) that
re�ected patients’ pain levels. The ESR is an in�ammatory
indicator that can also re�ect the disease activity of RA
patients to some extent. Our study found that serum IL-2
levels in RA patients were positively correlated with ESRs
(r = 0:338, p < 0:001; Figures 3(a)–3(c)). In addition to serum
IL-2 levels, serum levels of IL-4, IL-6, and INF-γ were also
signi�cantly positively correlated with DAS28 scores
(Figure 4). To exclude the e�ects of other in�ammatory cyto-
kines, multiple linear regression was further applied to con-
struct a regression model (F = 4:981, p = 0:001). The
equation had statistical signi�cance, and regression analysis
showed that in RA patients; DAS28 scores were indepen-
dently positively correlated with IL-2 levels (β = 0:237, p =

0:042) and IL-6 levels (β = 0:196, p = 0:044), R2 = 0:166
(Table 3). In addition, serum IL-2 levels in RA patients were
signi�cantly correlated with levels of other in�ammatory
cytokines including IL-4 (r = 0:489, p < 0:001), IL-6
(r = 0:437, p < 0:001), IL-10 (r = 0:320, p < 0:001), INF-γ
(r = 0:494, p < 0:001), and TNF-α (r = 0:402, p < 0:001)
(Figures 3(h)–3(l)).

3.3. Comparison of B Cells and Specific Antibodies among RA
Patients in the Different Disease Activity Groups and Their
Relationship with Serum IL-2 Levels. B lymphocytes and the
speci�c antibodies they produce are of great signi�cance for
the diagnosis, classi�cation, and e�cacy of RA treatment.
This study found that the numbers of peripheral B cells were
signi�cantly higher in the disease remission group than in the
low disease activity and moderate-high disease activity
groups (p = 0:029 and p = 0:001, respectively) (Table 4(a)
and Figure 2(a)). There was no signi�cant correlation
between numbers of peripheral B cells and IL-2 levels
(p > 0:05; Figure 5); however, we found a signi�cant positive
correlation between serum IL-2 levels and serum RF titers
(r = 0:258, p = 0:045) but no signi�cant correlation with
serum anti-CCP antibody titers (r = �0:146, p = 0:271)
(Figures 3(d) and 4).

3.4. Comparison of Th17/Treg Immune Balance and Its
Relationship with Serum IL-2 Levels in RA Patients with
Different Disease Activity Levels. The immune imbalance of
Th17/Treg is an important pathogenic factor for RA. In this
study, the Th17/Treg ratio was signi�cantly higher in the
moderate-high disease activity group than in the remission
and low disease activity groups (p = 0:003 and p = 0:010,
respectively) (Table 4(c)). In addition, the serum IL-2 levels
of RA patients were positively correlated with Th17/Treg
ratios in peripheral blood (r = 0:239, p = 0:013) (Table 5
and Figure 3(g)), while there was no signi�cant correlation
between Th17 and Treg cells in peripheral blood (p > 0:05;
Table 5 and Figure 5). The numbers of peripheral Treg cells
were signi�cantly higher in the disease remission group than
in the low disease activity and moderate-high disease activity
groups (p = 0:005 and p < 0:001, respectively) (Table 4(c) and
Figure 2(a)). Combined with the di�erences in IL-2 levels
among the di�erent disease activity groups, we found a par-
allel relationship between increased serum IL-2 levels and
decreased peripheral Treg cells in patients with active RA.
The remission group had signi�cantly higher numbers of
Th17 cells in peripheral blood compared to the low disease
activity group (p = 0:012), whereas there was no signi�cant
di�erence among the other groups (p > 0:05; Table 4(c) and
Figure 2(a)).

3.5. Comparison of NK Cell Levels in RA Patients in the
Different Disease Activity Groups and the Relationship with
Serum IL-2 Levels. NK cells may trigger osteoclast generation
and bone destruction in RA [11]. This study found signi�-
cantly higher numbers of peripheral NK cells in the
moderate-high disease activity group than in the disease
remission and low disease activity groups (p = 0:046 and p
= 0:020, respectively) (Table 4(b) and Figure 2(a)).
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Moreover, the percentages of peripheral NK cells were signif-
icantly higher in the moderate-high disease activity group
than in the remission and low disease activity groups
(p < 0:001 and p = 0:001, respectively) (Table 4(b)). In addi-
tion, the numbers of NK cells in peripheral blood (r = 0:230
, p = 0:018) and the percentages of NK cells (r = 0:268, p =
0:006) were positively correlated with serum IL-2 levels in
RA patients (Table 5 and Figures 3(e) and 3(f)). Further-
more, the percentages of peripheral NK cells were signi�-
cantly positively correlated with serum levels of INF-γ
(r = 0:246, p = 0:011; Figure 5).

3.6. Differences in Other Lymphocyte Subsets among RA
Patients in the Different Disease Activity Groups. With the
exception of the abovementioned cells, the lymphocyte sub-
sets of patients with active RA showed di�erent degrees of
decline compared with the remission group. The total num-
bers of T lymphocytes, CD8+ T lymphocytes, and Th1 cells
were signi�cantly lower in the low disease activity and
moderate-high disease activity groups than in the remission
group. The numbers of peripheral CD4+ T cells and Th2 cells
were signi�cantly lower in the low disease activity group than
in the diseaseremission group. (Tables 4(b) and 4(c) and
Figure 2(a)).

4. Discussion

Recent studies have shown that IL-2 is a key cytokine that
a�ects the di�erentiation of immune cells and has pleiotropic
e�ects: it not only activates e�ector T cells to promote
immune response but also promotes Treg cell proliferation
to maintain immune tolerance, playing important roles in
infection, autoimmune diseases, and cancer. Therefore, in
patients with RA, whether serum IL-2 levels are related to
disease activity, whether they a�ect the development and
di�erentiation of lymphocyte subsets and the potential
therapeutic prospect of low-dose IL-2 in RA are clinical
frontier hotspots.

This study mainly investigated RA patients in our hospi-
tal’s Rheumatology Department; patients’ serum IL-2 levels
and the clinical signi�cance thereof were evaluated by asses-
sing patients’ disease activity and detecting disease-related
clinical indicators. Our results show that in RA patients,
monitoring serum IL-2 levels is of great signi�cance, because
they are not only related to patients’ disease activity and
autoantibody levels but also participate in patients’
Th17/Treg immune imbalance. Moreover, in patients with
active RA, NK cells are abnormally elevated, and high levels
of serum IL-2 may be an important predisposing factor.

4.1. Serum IL-2 Levels Are Associated with Disease Activity
and Autoantibody Production in RA Patients. In RA patients,
the DAS28 score, ESR, CRP, and other indicators can re�ect
the degree of systemic in�ammation, disease activity, and
therapeutic e�ect to a certain extent. In our study, immuno-
logical indicators were used to monitor disease activity. By
studying the levels of cytokines and the numbers of lympho-
cyte subsets, disease activity was accurately evaluated; this is
of important clinical signi�cance in the selection of a treat-
ment plan and the prognosis of patients. Our results show
that IL-2 serum levels in RA patients were an independent
factor a�ecting DAS28 scores and were signi�cantly posi-
tively correlated with ESRs, indicating that serum IL-2 levels
in these RA patients were correlated with in�ammatory
degree and disease activity.

In addition to chronic systemic in�ammation, severe
chronic arthralgia is a major concern for RA patients and
seriously a�ects their daily life and mental health [12].
Although clinicians have traditionally considered pain a
marker of in�ammation, many studies have found that some
in�ammatory cytokines, including TNF-α, IL-1β, IL-6, and
IL-17, can directly alter the response of pain-sensitive neu-
rons to produce and maintain arthralgia [13] and depletion
of these in�ammatory cytokines can rapidly relieve patients’
pain [14]. Although IL-2 does not directly mediate or aggra-
vate the pain status of patients, in this study, RA patients’
serum IL-2 levels were signi�cantly positively correlated with

Table 2: Serum cytokine levels of RA patients in each disease activity group.

Cytokine
(pg/ml)

Remission group (A)
(n = 33)

Low disease activity group (B)
(n = 38)

Moderate-high disease activity group
(C) (n = 35)

p, A vs.
B

p, A vs.
C

p, B vs.
C

IL-2 3.39
2.49-6.25

3.71
1.67-5.29

8.03
3.52-18.07 0.893 0.002 0.001

IL-4 2.92
1.16-3.89

2.13
1.52-4.22

4.23
2.05-7.88 0.991 0.044 0.029

IL-6 13.05
6.53-31.07

16.12
7.22-46.40

47.85
22.20-109.12 0.473 <0.001 0.001

IL-10 5.83
2.95-8.41

4.67
3.07-7.91

9.28
3.33-15.20 0.600 0.068 0.024

INF-γ 6.45
3.69-9.75

4.39
2.20-10.52

13.11
5.70-23.32 0.460 0.006 <0.001

TNF-α 5.93
2.57-14.69

2.78
1.90-8.05

7.78
3.88-15.58 0.067 0.367 0.005

Results are expressed as the median and 25th and 75th percentiles. Statistics: Wilcoxon’s rank sum test. Abbreviations: IL-2: interleukin-2; IL-4: interleukin-4;
IL-6: interleukin-6; IL-10: interleukin-10; INF-γ: interferon-γ; TNF-α: tumor necrosis factor-α.
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their VAS pain scores and levels of pain-related cytokines
such as IL-6 and TNF-α. In this study, elevated serum IL-2
levels in RA patients paralleled their levels of pain.

The production of autoantibodies is one of the character-
istics of RA. It is generally accepted that RF and anti-CCP are
indicators of RA severity, imaging progression, and joint
damage [15]. Autoantibodies are derived from plasma cells
derived from B cell di�erentiation; studies have shown that
IL-2 mediates the conversion of initial B cells to plasma cells
by activating the extracellular signal-related kinase/ETS

domain-containing protein ELK1 signaling pathway [16],
thereby promoting production of autoantibodies. Our study
found that although serum IL-2 levels had no signi�cant rela-
tionship with the numbers and percentages of peripheral B
cells, they were positively correlated with serum RF titers,
indicating that serum IL-2 levels may re�ect RF titers to a
certain extent. However, whether serum IL-2 levels change
dynamically with RF titers and can be used as a reference
for diagnosis and assessment of disease still needs to be dem-
onstrated by further prospective longitudinal studies.
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Figure 2: (a) Comparison of absolute lymphocyte and CD4+ T cell subset counts among the remission group (n = 33), low disease activity
group (n = 38), and moderate-high disease activity group (n = 35). (b) Comparison of serum cytokine levels among the remission group
(n = 33), low disease activity group (n = 35), and moderate-high disease activity group (n = 38) (�p < 0:05, ��p < 0:01, and ���p < 0:001).
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Figure 3: Continued.
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Figure 3: Correlation analysis between serum IL-2 level of RA patients and various clinical indicators. (a–c) Correlation analysis between
serum IL-2 level of RA patients and DAS28, ESR, and VAS. (d) Correlation analysis between serum IL-2 level of RA patients and serum
RF level (only 61 patients with RA had autoantibodies test results). (e, f) Correlation analysis between serum IL-2 level of RA patients and
NK cell number and percentage of NK cells. (g) Correlation analysis between serum IL-2 level of RA patients and Th17/Treg ratio. (h–l)
Correlation analysis between serum IL-2 level of RA patients and IL-4, IL-6, IL-10, INF-γ, and TNF-α. Shown are linear regression lines
with interpolated 95% con�dence interval curves (broken lines).
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4.2. Serum IL-2 Levels Reflected Th17/Treg Immune
Imbalance in RA Patients. Studies have shown that the bal-
ance between Th17 cells that promote the in�ammatory
response and Treg cells that maintain immune tolerance
plays an important role in the disease progression of RA
[17, 18]. Treg cells are a subgroup of CD4+ T lymphocytes
that can suppress e�ector T cells and in�ammation and play
an important role in maintaining autoimmune tolerance
[19]. Treg cells protect against arthritis in collagen-induced
arthritis mouse models, in which depletion of Treg cells leads
to exacerbation of arthritis; supplementation of exogenous
Treg cells not only delays progression of the disease [20]
but also inhibits generation of osteoclasts and promotes
increased bone mass [21]. Many studies have shown that,
compared with healthy individuals, the percentage of cir-
culating Treg cells is reduced in RA patients [22], imply-
ing that the decrease in Treg cells is closely related to
the disease progression of RA. Th17 cells, as proin�amma-
tory cells, mediate pannus growth, osteoclast formation,
and synovial neovascularization and are a key player in
disease development [23].

In summary, an imbalance between Th17 and Treg cells
is a key mechanism in the pathogenesis of RA. The in�u-
ence of these lymphocyte subsets should be taken into
account in the selection of clinical programs; the numbers
and ratio of Th17 and Treg cells are important evaluation
tools during the course of RA. This study con�rmed Treg
cell reduction and Th17/Treg immune imbalance in RA
patients, especially in those with active RA. In addition,
serum IL-2 levels were signi�cantly correlated with
Th17/Treg ratios, implying their signi�cance in monitoring
patients’ Th17/Treg immune imbalance.

4.3. Compensatory Increase in Serum IL-2 Levels in Patients
with Active RA. This study showed that the numbers of
peripheral Treg cells were signi�cantly higher in the remis-
sion group than in the low disease activity and moderate-
high disease activity groups; that is, in patients with active
RA, increased IL-2 levels paralleled a decrease in Treg cells.
IL-2 was �rst discovered in 1976. It is a soluble factor that
has the unique ability to promote the proliferation of T cells
in vitro. Although it is produced mainly by activated CD4+ T
cells, activated CD8+ T cells, NKT cells, and B cells can also
produce smaller amounts of IL-2, and these cells secrete IL-
2 through autocrine or paracrine methods [24].

In the past, IL-2 was considered a T cell growth factor,
whose main function was to promote the proliferation and
activation of e�ector T cells and perhaps also induce autoim-
mune responses. However, with the advent of IL-2 or IL-2Rα
(CD25) gene-de�cient mice, this traditional view has been
challenged; the main function of IL-2 in the body may be to
maintain autoimmune tolerance rather than immune sup-
port and enhancement as traditionally considered. The latest
research has demonstrated that IL-2 is a key cytokine that
maintains the di�erentiation, proliferation, and function of
Treg cells.

Selective expression of the IL-2 receptor is an important
mechanism in its regulation of immune cell subsets. How-
ever, the receptor of IL-2 contains three subunits, IL-2Rα
(CD25), IL-2Rβ (CD122), and IL-2Rγc (CD132), and a het-
erodimer composed of IL-2Rβ (CD122) and IL-2Rγc
(CD132) provides intermediate a�nity receptors for IL-2,
which are generally expressed in resting T cells, CD8+ mem-
ory T cells, and NK cells. However, the heterotrimer com-
posed of these three subunits provides a high-a�nity
receptor for IL-2, which is transiently expressed in activated
T cells, B cells, and NK cells, but is continuously expressed
in Foxp3+ Treg cells, which are critical for the proliferation,
maintenance, and function of Treg cells [25]. Amado et al.
[26] found that IL-2 depletion did not a�ect the numbers of
Treg cells in experimental mice but did cause an increase in
IL-2 production by CD4+ T cells, implying that the ability
of Treg cells to inhibit cytokine production by CD4+ T cells
depends on serum IL-2 levels. In addition, depletion of Treg
cells led to an increase in IL-2 levels in mice with type 1 dia-
betes, but the numbers of CD4+ T cells that secreted IL-2 did
not increase signi�cantly [27]. This indicates that IL-2 may
regulate its own production by acting directly on CD4+ T
cells (the main cells that produce IL-2) or by indirectly
activating the inhibitory function of Treg cells. Therefore,
when the number of Treg cells decreases, there is a compen-
satory increase in production of IL-2 by CD4+ T cells. How-
ever, how long this compensatory mechanism can be
maintained still needs to be con�rmed by further prospective
longitudinal studies.

In addition to IL-2, our study showed that serum IL-4,
IL-6, and INF-γ levels were signi�cantly correlated with dis-
ease activity, and further multiple regression analysis showed
that serum IL-2 and IL-6 levels were independent factors
a�ecting disease activity. As a regulator of the Treg/Th17 bal-
ance, IL-6 can drive the polarization of CD4+ T cells to the
Th17 phenotype and inhibit generation of Treg cells. TGF-
β and IL-6 are the initiating factors for naive CD4+ T cells
to di�erentiate into Th17 cells. Low-dose TGF-β is necessary
for the production of human Th17 cells, and IL-6 secreted by
activated DC cells is a key factor in the di�erentiation of
naive CD4+ T cells into Th17 cells or Treg cells. In the
absence of IL-6, TGF-β alone cannot induce naive CD4+ T
cells to di�erentiate into Th17 cells but induces Foxp3
expression, allowing cells to acquire most of the Treg proper-
ties and thus maintaining the body’s immune suppression
[28]. Given the signi�cant correlation between serum IL-6
levels and disease activity, we hypothesized that in patients
with active RA, high levels of IL-6 drive Th17 cell generation

Table 3: Multiple linear regression analysis of DAS28 score and
cytokines in patients with RA.

B SE β t p
Constant 2.874 0.162 17.724 <0.001
IL-2 0.020 0.010 0.237 2.059 0.042
IL-4 -0.003 0.020 -0.107 -0.103 0.897
IL-6 0.002 0.001 0.196 2.044 0.044
INF-γ 0.009 0.007 0.154 1.357 0.178
Statistics: Multiple linear regression analysis. Abbreviations: IL-2:
interleukin-2; IL-4: interleukin-4; IL-6: interleukin-6; IL-10: interleukin-10;
INF-γ: interferon-γ; TNF-α: tumor necrosis factor-α.
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and inhibit Treg cell production and peripheral Treg cell
numbers decrease, increasing compensatory production of
IL-2 by CD4+ T cells.

4.4. Serum IL-2 Levels in RA Patients Are Closely Related to
NK Cells. NK cells are important immune cells in the body
that are related to antitumor, antiviral infection, and immune
regulation. They play a unique role in the human immune
response and in the maintenance of immune homeostasis
[29], the development and function of which are regulated
mainly by external cytokines, among which IL-2 may play
an important role in maintaining NK cell activity [30]. Stud-

ies have found that NK cells promote the progression of RA
in the early stages of the disease; they can be detected in
in�amed synovial tissue and constitute 20% of lymphocytes
in synovial �uid [31]. On the one hand, NK cells can regulate
the activity of B, T, macrophages, �broblasts, and other cells
by secreting cytokines such as TNF-α and INF-γ. On the
other hand, synovial NK cells cultured in vitro can mediate
the transformation of monocytes to osteoclasts, a process
that may play an important role in the bone destruction asso-
ciated with in�ammatory arthritis [32]. Our study found that
in patients with active RA, peripheral lymphocytes and CD4
+ T cell subsets decreased to varying degrees, possibly due to

Table 4: Peripheral blood lymphocytes and CD4+ T cells of RA patients in each disease activity group.

(a)

Total T Total T% Total B Total B%

Remission group (A) (n = 33) 1664.60
1296.80-2078.74

74.88
66.89-76.95

237.98
176.73-393.59

11.00
8.56-14.13

Low disease activity group (B) (n = 38) 1293.00
914.85-1707.04

73.89
65.45-78.00

178.11
136.50-282.50

11.00
8.63-14.12

Moderate-high disease activity group (C) (n = 35) 1223.00
651.00-1698.00

72.16
68.72-76.77

159.60
103.36-273.15

10.01
7.83-15.00

p, A vs. B 0.017 0.986 0.029 0.940
p, A vs. C 0.003 0.816 0.001 0.615
p, B vs. C 0.493 0.761 0.281 0.683

(b)

NK NK% CD4+ CD8+ Th1

Remission group (A) (n = 33) 237.00
139.00-301.00

12.51
7.50-15.99

848.64
671.28-1182.02

851.87
456.51-876.82

158.23
110.04-267.17

Low disease activity group (B) (n = 38) 218.50
144.50-299.75

12.20
7.60-18.75

633.74
497.18-953.50

472.17
304.34-713.09

119.72
62.96-199.36

Moderate-high disease activity group (C) (n = 35) 283.00
217.00-370.00

18.46
15.26-23.47

765.80
434.00-981.00

373.97
214.12-505.40

96.92
68.97-184.99

p, A vs. B 0.808 0.669 0.018 0.026 0.018
p, A vs. C 0.046 <0.001 0.118 <0.001 0.011
p, B vs. C 0.020 0.001 0.817 0.090 0.812

(c)

Th2 Th17 Treg Th1/Th2 Th17/Treg

Remission group (A) (n = 33) 7.50
4.86-11.17

11.31
7.41-14.56

34.76
27.43-44.60

26.58
18.02-39.57

0.29
0.23-0.34

Low disease activity group (B) (n = 38) 5.34
3.41-8.40

7.52
4.79-10.92

27.92
16.34-38.28

20.56
14.92-28.54

0.29
0.20-0.44

Moderate-high disease activity group (C) (n = 35) 5.51
3.41-8.72

7.71
5.23-13.59

25.12
13.06-30.58

18.86
14.50-28.30

0.40
0.28-0.62

p, A vs. B 0.042 0.012 0.005 0.050 0.668
p, A vs. C 0.099 0.097 <0.001 0.031 0.003
p, B vs. C 0.982 0.406 0.108 0.707 0.010
Results are expressed as the median and 25th and 75th percentiles. Statistics: Wilcoxon’s rank sum test. Abbreviations: RA: rheumatoid arthritis; Total T: total T
cells; Total T%: T lymphocyte percentage; Total B: total B cells; Total B%: B lymphocyte percentage; NK: natural killer T cells; NK%: percentage of NK cells; CD4
+: CD4+ T cells; CD8+: CD8+ T cells; Th1: T helper 1 cells; Th2: T helper 2 cells; Th17: T helper 17 cells; Treg: regulatory T cells; Th1/Th2: T helper 1 cell/T
helper 2 cell ratio; Th17/Treg: T helper 17 cell/regulatory T cell ratio.
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lymphocyte depletion and the use of disease-modifying anti-
rheumatic drugs. However, the numbers and percentages of
NK cells increased signi�cantly in the moderate-high disease
activity group, and both were positively correlated with
serum IL-2 levels. We speculate that high levels of IL-2 are
an important predisposing factor in inducing the increase
in NK cells in patients with active RA.

IL-2 is pleiotropic, and di�erences in its biological e�ects
depend not only on di�erent receptor compositions but also
on di�erences in the thresholds of IL-2 signals received by
cells. Signal thresholds are determined by the concentration
of IL-2 in the environment, and the length of time the cell
is exposed to the IL-2 signal [25]. When levels of IL-2 in
the body are low, due to high expression of the IL-2Rα sub-
unit, the high-a�nity receptors on Treg cells will preferen-
tially bind to IL-2 and limit the acquisition of IL-2 by NK
cells, thereby inhibiting the function of NK cells [27, 33],
which indicates that Treg cells can restrict the function of
NK cells by limiting acquisition of IL-2. However, with the
increase in IL-2 levels and the lack of Treg cells, NK cells
are induced to express IL-2Rβ and IL-2Rγc receptors, which
respond to high concentrations of IL-2 and promote self-
proliferation and cytotoxicity, thereby increasing self-
response to target cells and rapidly responding to weak
stimulation [33]. Another study showed that the restrictive
e�ect of Treg cells on NK cells can be eliminated after human
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Figure 5: Heatmap of correlation of the serum cytokine levels of IL-2, IL-4, IL-6, IL-10, INF-γ, TNF-α with Total T, Total T%, Total B, Total
B%, NK, NK%, CD4+, CD8+, Th1, Th2, Th17, Treg, Th1/Th2, and Th17/Treg (�p < 0:05, ��p < 0:01, and ���p < 0:001 by Spearman’s
correlation test).

Table 5: Relationship between serum IL-2 level and peripheral
blood lymphocytes and CD4+ T cells.

r p
IL-2 vs. Total T -0.084 0.392
IL-2 vs. Total T% -0.111 0.259
IL-2 vs. Total B -0.097 0.320
IL-2 vs. Total B% -0.087 0.378
IL-2 vs. NK 0.230 0.018
IL-2 vs. NK% 0.268 0.006
IL-2 vs. CD4+ 0.032 0.745
IL-2 vs. CD8+ -0.022 0.825
IL-2 vs. Th1 -0.024 0.804
IL-2 vs. Th2 0.108 0.270
IL-2 vs. Th17 0.153 0.117
IL-2 vs. Treg -0.026 0.789
IL-2 vs. Th1/Th2 -0.149 0.128
IL-2 vs. Th17/Treg 0.239 0.013
Statistics: Spearman’s correlation tests. Abbreviations: RA: rheumatoid
arthritis; Total T: total T cells; Total T%: T lymphocyte percentage; Total
B: total B cells; Total B%: B lymphocyte percentage; NK: natural killer T
cells; NK%: percentage of NK cells; CD4+: CD4+ T cells; CD8+: CD8+ T
cells; Th1: T helper 1 cells; Th2: T helper 2 cells; Th17: T helper 17 cells;
Treg: regulatory T cells; Th1/Th2: T helper 1 cell/T helper 2 cell ratio;
Th17/Treg: T helper 17 cell/regulatory T cell ratio.
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cytomegalovirus infection. That study found that there was a
signi�cant di�erence between NK cells with su�cient Treg
and those in Treg-depleted mice after viral infection, and
the Treg-mediated inhibition e�ect on NK cells may be
exceeded by the immune e�ect of high levels of IL-2 during
virus infection [34]. Moreover, the NK cell proliferation pro-
moted by high levels of IL-2 will further inhibit the prolifer-
ation of Treg cells. Studies by Heon et al. [35] have shown
that in the presence of IL-2, NK cells inhibit the growth
and development of Treg cells by secreting INF-γ. Our study
also found that decreased Treg numbers in patients with
active RA paralleled increased serum IL-2 levels and periph-
eral blood NK cell counts, and serum INF-γ levels were also
correlated with the percentage of NK cells. This implies that
when Treg cells decrease, high levels of IL-2 promote prolif-
eration of NK cells, which may inhibit the function of Treg
cells by secreting INF-γ.

We hypothesized that peripheral Treg cell numbers
decrease in patients with active RA, resulting in a compensa-
tory increase in serum IL-2 levels. High levels of IL-2 may
promote NK cell proliferation and secretion of INF-γ, inhi-
biting proliferation of Treg cells and aggravating the
Th17/Treg immune imbalance, thereby promoting the dis-
ease progression of RA. IL-2 has been used in clinical practice
for more than 30 years. High doses of IL-2 are often used to
treat malignant tumors, because IL-2 preferentially induces
activation and proliferation of e�ector T cells (Te� cells),
NK cells, and other cells; however, the e�ectiveness of this
treatment is limited by toxicity and instability [36]. In recent
years, many studies have shown that Treg cells continue to
express high levels of IL-2Rα, and low-dose IL-2 preferen-
tially promotes activation and proliferation of Treg cells
[37]; therefore, exogenous administration of low doses of
IL-2 can selectively stimulate Treg cell proliferation without
triggering e�ector T cell proliferation. This concept has been
widely used in clinical practice, and currently, low-dose IL-2
is being used for the treatment of diseases, including graft-
versus-host disease (GVHD), TID, hepatitis C virus-
induced vasculitis, spinal arthropathy, and SLE [24, 38]. In
addition, low-dose IL-2 reportedly promotes the prolifera-
tion and di�erentiation of Treg cells a�ected by chronic acti-
vation in patients with invasive RA, supporting its use in
progressive RA therapy [39]. Our research also found that
low levels of IL-2 are e�ective signals for Treg cell activation
and proliferation; therefore, low-dose IL-2 can be used to
stimulate Treg cell proliferation and restore immune toler-
ance during treatment of autoimmune diseases such as RA.
However, large doses of IL-2 may inhibit the function of Treg
cells by stimulating NK cell proliferation.

Our study had several limitations. First, it included
patients from the same medical center, and the clinical and
serological parameters were collected retrospectively. Sec-
ond, serum IL-2 levels in RA patients were a�ected by many
confounding factors, such as the choice of treatment. Finally,
the molecular biological mechanism of IL-2, NK cells, and
the Th17/Treg immune imbalance in RA patient needs fur-
ther study. We will conduct a prospective cohort longitudinal
study of RA patients and further expand the sample size,
observe whether IL-2 levels increase in all individuals, deter-

mine whether the increase in IL-2 is indeed related to a
reduction in Treg cells and proliferation and excessive secre-
tion of NK cells, and carry out basic research to explore the
molecular biological mechanisms further.

To summarize, monitoring serum IL-2 levels has impor-
tant clinical signi�cance in RA patients, because IL-2 levels
not only re�ect the degree of in�ammation, disease activity,
arthralgia, and the production of autoantibodies but also
re�ect the immune imbalance of Th17/Treg in patients. More
importantly, in patients with active RA, NK cells are abnor-
mally elevated, possibly due to high serum IL-2 levels.
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