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Abstract
Background: To investigate the expression of  Th17, T lymphocyte immunoglobulin mucin 3 (TIM-3+) cells and their related 
cytokines in atrial fibrillation (AF) and their clinical significance.
Methodology: A total of  90 patients with AF were divided into paroxysmal group (n=45) and chronic group (n=45), and 45 
healthy volunteers were selected as the control group. The proportion of  Th17 cells and Tim-3 + cells in the peripheral blood 
were detected. The concentrations of  related cytokines in peripheral blood serum were determined. The correlation between 
Th17 / Tim-3+ cells and related cytokines was analysed.
Results: Compared with the control group, the proportion of  Th17 cells and the concentration of  related cytokines (IL-17, IL-6 
and Matrix metalloproteinase (MMP9)) in peripheral blood of  patients with paroxysmal and chronic AF increased significantly, 
while the proportion of  tim3 + cells and the concentration of  related cytokines decreased significantly. Compared with the 
paroxysmal group, the proportion of  Th17 cells and the concentration of  related cytokines in the peripheral blood of  patients 
in the chronic group increased significantly, while the proportion of  tim3 + cells and the concentration of  related cytokines 
decreased significantly.
Conclusion: Th17 / Tim-3 + cell balance is involved in AF, and can be used as a target for AF treatment.
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Introduction
Atrial fibrillation (AF) is a common arrhythmia in clinical 
practice, which easily causes complications such as car-
diac insufficiency, thromboembolism, cerebral apoplexy, 
and seriously affects the physical and mental health of  pa-
tients1. AF occurs in approximately one-third of  patients 
with common cardiac disorders, and increases significant-
ly with age2. Therefore, the study and prevention of  AF 
pathogenesis is one of  the hotspots in clinical research. At 

present, most scholars believe that the occurrence and de-
velopment of  AF are closely related to inflammatory cells 
and their inflammatory factors. T helper cell 17(Th17) is 
a special group of  CD4 + helper T cell subsets, and their 
main effector cytokine secreted is interleukin-17(IL-17), 
which plays a pro-inflammatory role in cardiovascular 
diseases such as viral myocarditis, rheumatic heart dis-
ease, and atherosclerosis3. It has been shown that Th17 
cells and their related cytokines are involved in the patho-
logical mechanism of  atrial fibrillation, and the increase 
of  Th17 cell levels and changes in inflammatory factor 
levels affect the immune balance of  patients with atrial 
fibrillation4. Tim-3(T lymphocyte immunoglobulin mucin 
3), is an inhibitory molecule expressed on the surface of  
T cells. And studies have shown that Tim-3 negatively 
regulates the function of  Th17 cells, which can bind to 
the ligand galectin-9 (Gal-9) and then negatively regulate 
Th17 cell activity5,6. However, there were still a lack of  re-
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search on the changes of  Th17/Tim-3 + cell population 
and its related cytokine concentrations in the peripheral 
blood of  patients with atrial fibrillation. Therefore, many 
patients with different types of  AF were collected in this 
study to investigate the expression of  Th17/Tim-3+ cells 
and related cytokines in patients with AF pathogenesis 
and provide a theoretical basis for clinical prevention and 
treatment of  AF.

Patients and methods
Patients
Ninety patients who were diagnosed with AF at the De-
partment of  Cardiology, Affiliated Renhe Hospital of  
China Three Gorges University from January 2018 to 
January 2021 were selected. According to the 2010 Eu-
ropean Society of  Cardiology guidelines, the patients in-
cluded in the study were divided and classified, including 
45 patients with paroxysmal atrial fibrillation and 45 pa-
tients with chronic atrial fibrillation. The onset of  par-
oxysmal AF is generally within 48 hours, up to a maxi-
mum of  one week, recurrent, and self  terminating; And 
those with chronic AF were those with AF episodes last-
ing greater than half  a year. Forty-five healthy volunteers 
of  the same period with normal ECG examination who 
were close to age were also selected as the control group. 
Inclusion criteria were set as follows: Patients with elec-
trocardiogram in line with AF characteristics, that was, 
normal P wave disappeared, replaced by different sizes 
and shapes of  fibrillation waves (f  wave), usually V1 lead 
was the most obvious, the frequency of  atrial fibrillation 
waves 350 to 600 beats/min; RR was absolutely irregular, 
QRS wave was generally not widened. Exclusion criteria 
were as follows: those with acute myocardial infarction 
and unstable angina pectoris, previous history of  cardio-
thoracic surgery, valvular heart disease, congenital heart 
disease, thyroid dysfunction, connective tissue disease, 
peptic ulcer and other gastrointestinal diseases and acute 
and chronic infection. This study was approved by the 
medical ethics committee of  our hospital, and all patients 
followed the voluntary principle.

Main reagents and instruments
Th17 cell detection kit, monoclonal mouse anti-human 
CD4-Percp, Tim-3-APC antibody and lymphocyte sep-
aration solution were purchased from BD Company 
(Franklin Lakes, NJ, USA); (IL-17, IL-6, Tim-3, Gal-9, 
MMP9) enzyme-linked immunosorbent assay kit (ELI-
SA) was purchased from Wuhan Boster Company, re-

spectively (Wuhan, China); BD FACS Calibur model flow 
cytometer was purchased from BD Company (Franklin 
Lakes, NJ, USA); Bio-RAD-550 model microplate reader 
was purchased from Bole Company (Hercules, CA, USA).

Method
Specimen Processing
Five milliliters of  peripheral venous blood were collected 
in EDTA anticoagulant tubes at nine o'clock in the morn-
ing in all patients. The collected blood samples were first 
kept at room temperature for 30 min, then centrifuged at 
1500 rpm/min for 10 min, the upper serum was collected 
in a sterile EP tube, and frozen in a - 20 oC refrigerator. . 
We added 1:1 volume of  lymphocyte separation solution 
into the lower layer of  blood, fully mixed well, centrifuge 
at 800 rpm for 20 min, and separated peripheral blood 
mononuclear cells according to the density gradient cen-
trifugation method for future use.
 
Detection of  Th17 and Tim-3 + cells 
Extracted peripheral blood mononuclear cells were resus-
pended and counted in RPMI 1640 complete cell culture 
medium. A suspension of  approximately 106 cells were 
added to 50 μg/L of  the stimulator phorbol ester and 500 
μg/L ionomycin and moenomycin, and the culture were 
continued for 4 h in a carbon dioxide cell incubator at 5% 
CO2 and 37°C. At the end of  the incubation, the cells 
were washed once with PBS phosphate buffered saline, 
then 5 μL of  CD4-Percp and IL -17A -PE antibodies 
were added and incubated at room temperature for 30 
min in the dark. At the end of  incubation, the cell sus-
pension were washed once with 1 mL PBS, resuspended 
in 150 μL PBS, and the proportion of  Th17 cells (CD4+ 
IL-17A+) were measured by BD FACSCalibur flow cy-
tometry (Franklin Lakes, NJ, USA).

Similarly, the counted mononuclear cells were washed 
once with PBS, and then incubated with 5 μL of  CD4-Per-
cp and Tim-3-APC antibodies for 30 min in the dark, 
followed by 1 mL of  PBS for washing, and then resus-
pended with 150 μL PBS, and the proportion of  Tim-3+ 
(CD4 + Tim-3+) cells in peripheral blood were detected 
by flow cytometry.
 
Cytokine assays
50 μL of  cryopreserved peripheral blood serum were 
collected from each patient, according to the instructions 
of  ELISA kits for IL-17, IL-6, Tim-3, Gal-9 and MMP9. 
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First, the standard curve were established using the stan-
dards of  each cytokine in the kit, and then the concen-
tration levels of  related cytokines in the peripheral blood 
serum of  each patient were detected by Bio-RAD micro-
plate reader (Hercules, CA, USA).
 
Statistical analysis
All data were statistically analysed using Statistical Prod-
uct and Service Solutions (SPSS) 23.0 software (IBM, 
Armonk, NY, USA). Measurement data were expressed 
as mean ± standard deviation (-x±s), one-way analysis 
of  variance was used for comparison among multiple 
groups, and SNK-q test was used for further pairwise 
comparison. Enumeration data were presented as n (%) 
and compared using x2 test. Spearman correlation anal-

ysis was used for correlation analysis. Differences were 
considered significant and statistically significant when P 
< 0.05.

Results
Comparison of  general data of  patients in each 
group
There were no significant differences in age, gender, basic 
medical history (hypertension, diabetes, hyperlipidemia), 
living habits (smoking, drinking), and body mass index 
BMI among the three groups (all P > 0.05); compared 
with the control group, there were significant differences 
in LAD and LVEF in the echocardiogram between the 
paroxysmal and chronic groups (all P < 0.05), while there 
were no significant differences in LAD and LVEF be-
tween the paroxysmal and chronic groups (all P > 0.05), 
as shown in Table 1.

                 Table 1: Statistics of general conditions of patients [x̅±s/subject (%)] 
Clinical data Control 

group (n=45) 
Paroxysmal 
group (n=45) 

Chronic 
group (n=45) 

F/x 2 value P value 

Age (years) 61.65± 6.75 64.84± 7.79 65.25± 8.11 0.865 > 0.05 
Gender (M/F) 25/20 23/22 24/21 0.973 > 0.05 
History of hypertension (%) 13 (28.89) 11 (24.44) 12 (26.67) 0.811 > 0.05 
History of diabetes (%) 9 (20.00) 8 (17.78) 10 (22.22) 0.854 > 0.05 
History of hyperlipidemia (%) 12 (26.67) 13 (28.89) 15 (33.33) 0.525 > 0.05 
Alcohol consumption (%) 5 (11.11) 7 (15.56) 6 (13.33) 0.690 > 0.05 
Smoking (%) 8 (17.78) 6 (13.33) 9 (20.00) 0.621 > 0.05 
BMI (kg/m 2) 26.75± 3.36 25.94± 3.47 26.11± 3.85 0.894 > 0.05 
LAD (mm) 34.14± 3.52 38.45± 3.95 39.84± 4.11 0.024 < 0.05 
LVEF (%) 71.35± 4.88 67.58± 5.13 67.27± 5.95 0.399 < 0.05 

  
 
Changes in the proportion of  Th17 cells in the pe-
ripheral blood of  patients in each group
Flow cytometry was used to detect changes in the pro-
portion of  Th17 cells (CD4 + IL -17A +%) in the pe-
ripheral blood of  patients in each group, and the results 
are shown in Figure 1. After statistics, compared with the 
control group, the proportion of  Th17ells in the periph-

eral blood of  patients with atrial fibrillation in the parox-
ysmal and chronic groups increased significantly [(2.05± 
0.67)% vs (6.45± 1.32)% vs (8.89± 1.28)%], and the dif-
ference was statistically significant (F = 15.211, P < 0.05); 
while further pairwise comparison showed that the pro-
portion of  Th17 cells in the peripheral blood of  patients 
with atrial fibrillation in the chronic group was also sig-
nificantly higher than that in the paroxysmal group, (t = 
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Figure 1: Changes in the proportion of  Th17 cells in peripheral blood of  patients in each group. * Indicates P < 0.05 compared 
with control; # indicates P < 0.05 compared with paroxysmal group. (A) Typical diagram of  flow cytometric detection of  Th17 
cells in CD4 + IL-17A + of  patients in each group; (B) Statistics of  proportion of  Th17 cells in patients in each group.

11.248, P < 0.05).
Changes in the proportion of  Tim3 + cells in the pe-
ripheral blood of  patients in each group 
Flow cytometry was used to detect changes in the pro-
portion of  Tim-3+ cells (CD4+ Tim-3+%) in the pe-
ripheral blood of  patients in each group, and the results 
are shown in Figure 2. After statistics, compared with the 
control group, the proportion of  Tim-3+ cells in the pe-

ripheral blood of  patients with atrial fibrillation in the par-
oxysmal and chronic groups were significantly decreased 
[(4.45± 0.38)% vs (2.75± 0.34)%, vs (1.12± 0.26)%], and 
the difference was statistically significant (F= 13.287, P 
< 0.05); while further pairwise comparison showed that 
the proportion of  Tm-3 cells in the peripheral blood of  
patients with atrial fibrillation in the chronic group was 
also significantly lower than that in the paroxysmal group, 

African Health Sciences, Vol 23 Issue 3, September, 2023 610



Figure 2: Changes in the proportion of  Tim-3 + cells in peripheral blood of  patients in each group. * Indicates P < 0.05 
compared with control; # indicates P < 0.05 compared with paroxysmal group (A) Typical diagram of  flow cytometric de-
tection of  Tim-3 + cells of  CD4 + Tim-3 + in each group; (B) Statistics of  the proportion of  Tim-3 + cells in each group.

(t = 15.627, P < 0.05).
Changes of  Th17 / Tim-3 + cell ratio in peripheral 
blood of  patients in each group
Compared with the control group, the ratio of  Th17 / 
Tim-3+ cells in the peripheral blood of  patients in parox-
ysmal group and chronic group were significantly higher 

[(0.46 ± 0.23) vs (2.35 ± 0.95) vs (7.94 ± 1.92)], and the 
difference was statistically significant (F = 25.333, P < 
0.05); Furthermore, the ratio of  Th17 / Tim-3+ cells in 
peripheral blood of  patients with AF in chronic group 
was significantly higher than that in paroxysmal group (t 
= 28.394, P < 0.05). And the results are shown in Figure 
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Figure 3: The changes the Th17 / Tim-3 + cells ratio in each group. * Indicates P < 0.05 
compared with control; # indicates P < 0.05 compared with paroxysmal group.

3.
Changes in serum cytokine (IL-17, IL-6, Tim-3, Gal-
9, MMP9) concentrations in each group of  patients 
The results of  ELISA for changes in the concentrations 
of  related cytokines (IL-17, IL-6, Tim-3, Gal-9, MMP9) in 
the peripheral blood sera of  patients in the three groups 
are shown in Table 2. According to statistics, compared 
with the control group, the concentrations of  IL-17, 
IL-6 and MMP9 cytokines in the peripheral blood serum 
of  patients with atrial fibrillation in the paroxysmal and 

chronic groups were significantly increased (F = 16.120, 
27.476 and 19.934, respectively, all P < 0.05), while the 
concentrations of  Tim-3 and Gal-9 cytokines were sig-
nificantly decreased (F = 15.395 and 18.141, respectively, 
all P < 0.05); further comparison showed that the con-
centrations of  IL-17, IL-6 and MMP9 in the peripher-
al blood serum of  patients with atrial fibrillation in the 
chronic group were also significantly higher than those in 
the paroxysmal group (t = 11.024, 9.005 and 10.335, all 
P < 0.05), while the concentrations of  Tim-3 and Gal-9 
cytokines were also significantly lower than those in the 

       Table 2: Concentration and expression of related cytokines in  
        peripheral blood serum of patients in each group (n=45, x̅±s) 

  IL-17 (pg/mL) IL-6 (pg/mL) Tim-3 (pg/mL) Gal-9 (pg/mL) MMP9 (pg/mL) 

Control group 85.46 ± 8.94 98.95 ± 3.11 51.24 ± 8.13 22.35 ± 5.45 135.45 ± 18.14 

Paroxysmal group 138.23 ± 13.24 * 224.44 ± 18.92 * 38.68 ± 6.67 * 17.24 ± 4.04 * 241.34 ± 20.09 * 

Chronic group 194.25 ± 15.37# 264.58 ± 21.24# 16.97 ± 4.35 # 13.33 ± 3.37# 298.47 ± 28.34# 

* Indicates P < 0.05 compared with control; # indicates P < 0.05 compared with paroxysmal group 
 
 paroxysmal group (t = 7.255 and 6.146, all P < 0.05).

Correlation analysis of  th17/tim-3 + cells and cyto-
kines (il-17, il-6, tim-3, gal-9, mmp9) in peripheral 
blood of  AF patients
After statistical analysis, the proportion of  Th17 cells and 
Tim-3+ cells in the peripheral blood of  AF patients was 
negatively correlated (r = 0.674, P < 0.05); the proportion 
of  Th17 cells in the peripheral blood of  AF patients was 
positively correlated with IL-17, IL-6, Tim-3, Gal-9, and 
MMP9 cytokine levels (r = 0.774, 0.468, 0.456, all P < 
0.05), and negatively correlated with IL-17, IL-6, Tim-3, 
Gal-9, and MMP9 cytokine levels (r = − 0.511, − 0.498, 
all P < 0.05); the proportion of  Tim-3 + cells was also 
positively correlated with Tim-3 and Gal-9 cytokine levels 

(r = 0.811, 0.512, all P < 0.05); the proportion of  Tim-3 
+ cells was negatively correlated with IL-17, IL-6, and 
MMP9 cytokine levels (r = − 0.434, − 0.493, − 0.507, all 
P < 0.05).
 
Correlations between associated cytokines and 
echocardiographic parameters in peripheral blood 
of  patients with AF
After statistical analysis, Th17 cells and their related cyto-
kines (IL-17, IL-6, MMP9) in the peripheral blood of  AF 
patients were positively correlated with LAD (r = 0.493, 
0.515, 0.385, 0.406, all P < 0.05), while Tim-3 + cell ratio 
and its related cytokines (Tim-3, Gal-9) were negatively 
correlated with LAD (r = − 0.484, − 0.511, − 0.381, all 
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P < 0.05). Th17 cells and their related cytokines (IL-17, 
IL-6, MMP9) in the peripheral blood of  AF patients were 
negatively correlated with LVEF (r = − 0.462, − 0.457, − 
0.313, − 0.375, all P < 0.05), while Tim-3 + cell ratio and 
their related cytokines (Tim-3, Gal-9) were positively cor-
related with LVEF (r = 0.428, 0.416, 3.724, all P < 0.05).
 
Discussion
The prevention and treatment of  AF in atrial fibrillation is 
the focus of  clinical cardiovascular disease research. Cur-
rent studies suggest that in addition to age, hypertension, 
coronary heart disease, valvular disease and other causes, 
the causes of  AF are also associated with other risk fac-
tors such as increased inflammatory cells, inflammatory 
factor burst, metabolic disorders7. In recent years, it has 
been found that abnormal infiltration of  a variety of  im-
mune cells, such as T lymphocytes, can be detected in the 
atrial tissue of  AF patients, and the immune subtraction 
of  these infiltrates is involved in atrial fibrosis, which in 
turn induces the production of  atrial fibrillation8. Th17 
cells are a subset of  envoy CD4 + cells, and it has also 
been found that Th17 cells and their secreted cytokine 
IL-17 are involved in the fibrotic process in a variety of  
organs9. 
In rat models of  AF, a significant increase in the propor-
tion of  Th17 cells has been widely observed and suggests 
that Th17 cells are involved in the progression of  AF pa-
thology10. Increased tendency of  Th17/Treg immune cell 
balance toward Th17 cell differentiation has also been 
observed in patients with atrial fibrillation, which leads to 
enhanced inflammatory response11. In this study, flow cy-
tometry was used to directly detect the changes of  Th17 
cell ratio in peripheral blood of  patients with paroxysmal 
and chronic AF. The study also found that the proportion 
of  Th17 cells in peripheral blood of  patients with AF 
was significantly increased, while the Th17 level in pa-
tients with chronic AF was significantly higher than that 
in patients with paroxysmal AF, indicating that Th17 cells 
may promote the occurrence of  atrial fibrillation. Current 
studies have found that Tim-3 negatively regulates T cell 
function and is involved in the immune regulation of  Th, 
Tim-3 binds to Gal-9 and negatively regulates Th17 cell 
functional status, and Tim-3 is involved in the protection 
of  tissue injury by regulating Th17/Treg imbalance12,13. 
Therefore, it is necessary to investigate the expression 
pattern of  Tim-3 in AF patients to reveal its relationship 
with AF development. Tim-3 is expressed on the surface 
of  helper T cells (CD4 +) and therefore marks the Tim-

3 + cell population in T lymphocytes by CD4 + Tim-3 
+14,15. In this study, the proportion of  Tim-3 + cells in 
peripheral blood of  patients with paroxysmal and chronic 
AF was significantly decreased, and the level of  Tim-3 + 
cells in peripheral blood of  patients with chronic AF was 
lower than that of  patients with paroxysmal AF, indicat-
ing that Tim-3 + cell population is also involved in the 
pathological progression of  AF and is closely related to 
AF, which may be a therapeutic target for the improve-
ment of  AF.

A large number of  studies have confirmed that inflamma-
tory factors play an important role in the development of  
AF, such as IL-17, IL-6, IL-22 are significantly increased 
in patients with chronic atrial fibrillation, and have been 
suggested that inflammatory factors are involved in the 
process of  AF16. IL-17 is an effector cytokine of  Th17 
cells, and its significant role is involved in the induction 
and mediation of  inflammatory responses. IL-17 is in-
volved in the pathological process of  a variety of  cardio-
vascular diseases, and is also closely related to the devel-
opment of  AF17. There is also evidence that IL-6 is also 
one of  the factors secreted by Th17 cells, and Th17 can 
cause inflammatory infiltration of  the atria leading to AF 
by secreting IL-618. The natural ligand of  Tim-3 is Gal-9, 
and it has been reported that Tim-3 and Gal-9 interact to 
inhibit Th1 and Th17 responses after ligand binding and 
induce peripheral immune tolerance in the body19. Matrix 
metalloproteinase MMP9 plays a key role in myocardial 
fibrosis and has also been shown to induce a significant-
ly higher inflammatory response in atrial issues of  AF 
patients10. In this study, we detected the concentration 
changes of  Th17/Tim-3 + cell-related cytokines (IL-17, 
IL-6, Tim-3, Gal-9, MMP9) in the peripheral blood of  
AF patients using ELISA and found that IL-17, IL-6, and 
MMP-9 cytokine levels were significantly increased in the 
serum of  AF patients, while Tim-3 and Gal-9 levels were 
significantly decreased, consistent with the above find-
ings, and also confirmed that Th17/Tim-3 + -related cy-
tokines (IL-17, IL-6, Tim-3, Gal-9, MMP9) are involved 
in the pathological progression of  AF.

At the same time, this study compared the correlation 
between the proportion of  Th17 cells and Tim-3 + cells 
in the peripheral blood of  AF patients and found a signif-
icant negative correlation between Th17 cells and Tim-3 
+ cells, reconfirming that Tim-3 can negatively regulate 
Th17 cells in AF patients. In this study, the proportion 
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of  Th17 cells was positively correlated with IL-17, IL-
6, and MMP9, indicating that the increase of  Th17 cells 
in the peripheral blood of  AF patients can induce the 
production of  inflammatory cytokines IL-17, IL-6, and 
MMP9, which in turn affects AF, and also indicating that 
Th17 cells can be used as one of  the risk factors for AF. 
However, the proportion of  Tim-3 + cells in peripheral 
blood of  AF was positively correlated with the levels of  
Tim-3 and Gal-9 factors, which also suggested the role 
of  negative regulation of  Th17 cells after the binding of  
Tim-3 and ligand gal-9. However, Th17 cells and their re-
lated cytokines (IL-17, IL-6, MMP9) were positively cor-
related with LAD and negatively correlated with LVEF 
in AF patients, while Tim-3 + cells and their related cy-
tokines (Tim-3, Gal-9) were negatively correlated, again 
indicating that Th17/Tim-3 + cells are involved in the 
pathological progression of  AF and can be a key target 
for the treatment of  atrial fibrillation. However, based on 
the present study only collected a total of  90 clinical AF 
patients, there is still insufficient statistical analysis of  the 
data, so it is necessary for our next study to expand the 
collection of  AF cases and to perform statistical analysis 
of  the data to make Th17 / Tim-3 + cells and pathologi-
cal relevance of  AF more reliable for clinical application.
 
Conclusion
In summary, this study revealed that Th17 cells and their 
related cytokines (IL-17, IL-6, MMP9) were significant-
ly increased, while Tim-3 + cells and their related cyto-
kines (Tim-3, Gal-9) were significantly decreased in the 
peripheral blood of  AF patients, and Th17 cells and their 
cytokines were negatively correlated with Tim-3 + cells 
and their cytokines, and involved in the development of  
the course of  AF. Clinical regulation of  Th17/Tim-3 cell 
balance may facilitate the diagnosis and treatment of  AF 
and inhibit its development.
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