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ABSTRACT. In this study, we observed changes in CD4
+ CD25

+ 
Foxp3

+ Treg expression in rats with osteoarthritis (OA) to explore the 
role that CD4

+ CD25
+ Foxp3

+ Treg plays in the decline in the condition 
of OA rats. Thirty rats were randomly divided into 2 groups equally 
and OA was induced in rats in the model group by injection of papain 
and l-cysteine into the right knee joint. Cartilage lesions were scored 
by the modified Mankin scale; pulmonary function was assessed by 
spirometry; interleukin (IL)-17 and IL-4 levels were evaluated by the 
enzyme-linked immunosorbent assay; and the levels of CD4

+ CD25
+ 

Foxp3
+ Treg in peripheral blood were measured by flow cytometry. 

The left knee joints of the model rats appeared palpable swelling and 
osteophytes, while the body weight, heart and lung function of these 
rats decreased. The serum IL-4 level was lower, whereas the serum 
IL-17 level was higher in the model group (P < 0.05). The peripheral 
blood CD4

+ CD25
+ Foxp3

+ Treg of CD4+T cells was significantly 
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lower. Correlation of the changes in the levels of IL-4, IL-17, and 
Treg suggests that the underlying mechanism may be a reduction of 
the regulatory effect of Treg. The specific mechanism still requires 
further study.
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INTRODUCTION

Osteoarthritis (OA) is a type of rheumatic disease. Clinical studies have shown 
that OA patients not only have symptoms of arthritis but also may have chest tightness, 
palpitations, and other systemic symptoms. With increased severity of OA, systemic symp-
toms also become more severe. CD4

+ CD25
+ Foxp3

+ and regulatory cells are essential for 
controlling in vivo autoimmune reactivity. In addition to maintaining the body’s normal 
immune response, they are involved in the negative regulation of the immune response. 
If an immune reaction is too strong, it can trigger autoimmune disease. Interleukin (IL)-4 
and IL-17 are important cytokines that play a regulatory role in the inflammatory response 
(Zhang et al., 2011). We used a rat model of OA to observe the effects of OA on cardiac and 
pulmonary function, expression of cytokines IL-4 and IL-17 in the peripheral blood, and 
changes in CD4

+ CD25
+ Foxp3

+ Treg levels. A correlation analysis was then performed to as-
sess the effect of OA on rat cardiac and pulmonary function and its underlying mechanism 
(Wang et al., 2012).

MATERIAL AND METHODS

The experimental animals

Thirty clean-grade male Wistar rats, aged 20-30 weeks, of average quality (180 ± 
30.5 kg), were provided by the Experimental Animal Centre of Shandong University. They 
were randomly divided into a model group and control group, each containing 15 rats. 
Before beginning the experiment, the animals were raised according to the cleanest grade 
standard for conventional breeding, fed for 1 week before the experiment, and exposed to a 
12-h light/dark cycle. They were also examined to confirm the absence of any abnormalities 
before the experiment started. All animals were raised in strict accordance with the Animal 
Ethical Standard, and this study was approved by the Experimental Animal Centre of Shan-
dong University, Shandong Province Ethics Committee.

Experimental materials

l-cysteine and papain were purchased from Merck, USA. The IL-4, IL-17 ELISA 
Kit (batch No. 1202156202963), CD4 fluorescein isothiocyanate-labeled single antibody 
(batch No. 11-0040-81), CD25 phycoerythrin-cyanine dye-labeled single antibody (batch 
No. 11-0040-45), and Foxp3 single antibody of algae red protein marker (batch No. 11-
0040-76), were obtained from eBioscience Inc., USA.
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Experimental equipment

The equipment used included the following: ultrasonic diagnostic apparatus (GE Viv-
id 7, USA), animal respirator, pulmonary function analysis system (AniRes2003, Bei Lanbo, 
Beijing), high speed centrifugal chiller (Centrifuge 5417R, Eppendorf, Germany), flow cy-
tometry (Epics XL, Beckman Coulter, USA), and Guang Xuexian mirror (Olympus, Japan).

The experimental method

Rat arthritis model preparation

The rat model of OA was created by injecting 25 μL of a mixture of 0.02 M L-cysteine 
and 4% papain into the left knee joint during the feeding period, then at 3 and 5 days later.

Pathological observation

On day 50 after the injection, the animals were sacrificed, and their knees were 
opened. Observation was made with both the naked eye and the light microscope, and the 
intra-articular synovium and articular cartilage were scored using the modified Mankin scale.

Measurement of cardiac function

On day 50 of the rat model, 2 groups of 10 rats were randomly selected, and anesthe-
tized for evaluation of heart function. Two-dimensional images of the left ventricular (LV) long 
axis parasternal wall were obtained, and the following parameters were measured: stroke volume 
(SV), interventricular septal (IVS) thickness, LV diameter, posterior wall (LVPW) thickness, early 
(E) and late (A) LV diastolic peak velocity, E/A ratio, LV end-systolic and end-diastolic diameters, 
LV short-axis fractional shortening (FS%), and ejection fraction (EF). Continuous measurement 
of these parameters was performed at least 3 times, and the mean values were calculated.

Pulmonary function tests

On day 50 of the rat model, spirometry was performed to determine the pulmonary func-
tion of the rats. Forced vital capacity (FVC), maximal expiratory flow volume of 25, 50, and 75% 
of vital capacity (FEF25, FEF50, FEF75), forced expiratory volume in 1 s (FEV1), maximal 
expiratory flow (PEF), maximal midexpiratory flow (MMF), and other indicators were measured.

Enzyme-linked immunosorbent assay (ELISA) and flow cytometry assay

ELISA and flow cytometry assays were performed to determine the levels of IL-4, 
IL-17, and CD4

+ CD25
+ Foxp3

+ Treg in the peripheral blood of the rats.

Statistical method

The data were analyzed with SPSS 15.0, using the t-test to compare means ± s be-
tween the 2 groups. Correlation analysis was carried out using Spearman’s rank correlation 
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coefficient, and P < 0.05 was considered to be statistically significant.

RESULTS

Development of abnormalities

Eight hours after the first injection, rats in the model group developed left knee joint 
swelling, local festering, gait instability with the left lower limb not touching down, limp ap-
pearance, reduced activity, reduced food intake, and a decrease in body weight. A few of the 
model rats also developed shortness of breath. After 1-2 weeks, the swelling of the left knee 
gradually subsided, local ulcers began healing, normal gait was restored, and activity gradu-
ally recovered. At around 3 weeks, the left knee joints of the model rats were noted to have 
palpable swelling and osteophytes. The knees of the control group remained free of abnormal-
ities. On day 50 of the rat model, the body weight of rats in the model group was significantly 
lower than that of the control group (P < 0.05, Table 1).

Signs indicators	 N	 Model group	 Control group

Body mass (g)
   Before modeling	 15	 182.1 ± 17.9	 180.9 ± 18.2
   50 days after modeling	 15	 217.4 ± 16.3	 253.7 ± 19.6
Cardiac function parameters
   SV	 10	   0.44 ± 0.21	   0.18 ± 0.33
   IVS (mm)	 10	   2.37 ± 0.22	   2.44 ± 0.31
   LV (mm)	 10	   6.13 ± 0.74	   5.23 ± 0.65
   LVPW (mm)	 10	   1.84 ± 0.23	   1.76 ± 0.18
   E	 10	   0.51 ± 0.17	   1.56 ± 0.27
   A	 10	   1.38 ± 0.18	   0.92 ± 0.24
   E/A	 10	   0.52 ± 0.24	   1.73 ± 0.15
   FS%	 10	 45.33 ± 2.26	 55.37 ± 2.54
   EF	 10	 79.74 ± 4.68	 86.28 ± 4.31
Lung function parameters
   FVC	 10	   0.41 ± 0.25	   0.48 ± 0.76
   FEF25 (mL/s)	 10	   3.63 ± 0.17	   4.21 ± 0.23
   FEF50 (mL/s)	 10	   3.21 ± 0.27	   4.65 ± 0.18
   FEF75 (mL/s)	 10	   3.11 ± 0.22	   4.87 ± 0.29
   FEV1 (mL/s)	 10	   0.21 ± 0.63	   0.46 ± 0.22
   PEF (mL/s)	 10	   2.67 ± 0.41	   4.86 ± 0.36
   MMF (mL/s)	 10	   3.01 ± 0.24	   4.89 ± 0.16
Interleukin
   IL-4 (pg/mL)	 10	   94.12 ± 17.33	 136.98 ± 23.74
   IL-7 (pg/L)	 10	 307.59 ± 34.62	 241.63 ± 52.11
   CD4

+ CD25
+ Foxp3

+ Treg	 10	   6.30 ± 1.25	   9.27 ± 1.01

SV = stroke volume; IVS = interventricular septum; LV = left ventricle; LVPW = left ventricular posterior wall; E = 
early left ventricular diastolic peak velocity; A = late left ventricular diastolic peak velocity; FS% = left ventricular 
short-axis fractional shortening; EF = ejection fraction; FVC = forced vital capacity; FEF25 = maximal expiratory 
flow at a volume of 25% of vital capacity; FEF50 = maximal expiratory flow at a volume of 50% of vital capacity; 
FEF75 = maximal expiratory flow at a volume of 75% of vital capacity; FEV1 = forced expiratory volume in 1 s; PEF 
= peak expiratory flow; MMF = maximal midexpiratory flow; IL-4 = interleukin 4; IL-7 = interleukin 7.

Table 1. Comparison of cardiopulmonary function, body mass, and serum IL-17, IL-4, and Treg levels between 
two groups.

Comparison under light microscopy

Figure 1 shows the knee joint cartilage of the control group under light microscopy. 
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No obvious abnormalities of cartilage cells are seen - the cartilage has a smooth surface and 
uniform distribution. However, observation of the knee joint cartilage of the model group 
under light microscopy revealed a rough cartilage surface, some visible fractures, disordered 
arrangement of cartilage cells, and necrosis. When comparing the 2 groups using the modified 
Mankin scale, the scores of the model group (5.17 ± 0.47) were obviously higher than those in 
the control group (0.83 ± 0.56) (P < 0.01, Table 1).

Heart and lung function comparison

Table 1 shows that the E and E/A in the model group were significantly lower than 
those in the control group (P < 0.05). The differences between SV, A, IVS, LV, LVPW, FS%, 
and EF in the 2 groups were not significant (P > 0.05). FEF50, FEF75, FEV1, and PEF were 
significantly lower in the model group than in the control group (P < 0.05). No significant dif-
ferences were seen between the 2 groups in FVC and MMF (P > 0.05, Table 1).

Serum cytokine IL-4 and IL-17 and peripheral blood CD4
+ CD25

+ Foxp3
+ Treg levels

Table 1 shows that in the model group, the serum IL-4 level was lower, whereas the 
serum IL-17 level was higher than those in the control group (P < 0.05). The peripheral blood 
CD4

+ CD25
+ Foxp3

+ Treg of CD4
+ T cells was significantly lower in the model group than in the 

control group (P < 0.01, Table 1). The relationship between rat heart and lung function indices 
and IL-4, IL-17, Treg, and Mankin scores is shown in Table 2.

Index	                           IL-4		                         IL-17		                         Treg		                        Mankin

	 r	 P	 r	 P	 r	 P	 r	 P

E	 0.65	 0.08	 -0.84	 0.002	 0.98	 0.08	 -0.79	 0.03
A	 -0.53	 0.19	 0.45	 0.47	 0.32	 0.45	 0.62	 0.26
E/A	 0.79	 0.03	 -0.79	 0.03	 0.64	 0.47	 -0.83	   0.004
FEF50	 -0.23	 0.73	 -0.23	 0.73	 0.42	 0.37	 0.62	 0.07
FEF75	 -0.07	 0.95	 0.41	 0.32	 0.40	 0.41	 -0.57	 0.04
FEV1	 -0.03	 0.83	 -0.18	 0.61	 0.39	 0.28	 -0.67	 0.07
PEF	 -0.01	 0.75	 -0.27	 0.43	 0.48	 0.21	 -0.63	 0.21

OA = osteoarthritis; IL = interleukin; E = early left ventricular diastolic peak velocity; A = late left ventricular diastolic 
peak velocity; FEF50 = maximal expiratory flow at a volume of 50% of vital capacity; FEF75 = maximal expiratory 
flow at a volume of 75% of vital capacity; FEV1 = forced expiratory volume in 1 s; PEF = peak expiratory flow.

Table 2. Cardiopulmonary function and the correlation with Mankin scores, and serum IL-17, IL-4, and 
Treglevels in OA rats.

Figure 1. Observation of articular cartilage of two groups (H&E, 200X).
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DISCUSSION

Rheumatic diseases affect muscle, bone, and joints. Because of invasion of vascular 
and connective tissue, most rheumatic autoimmune diseases also affect the heart and lungs, 
which are rich in blood vessels, muscle, and connective tissue (Feng et al., 2012; Sun et al., 
2012). Rheumatic-related heart and lung dysfunction confer a serious prognosis and have a 
negative impact on patients’ quality of life. The onset of rheumatic disease may be subtle and 
slow, the disease course is long, and a genetic tendency is often seen. Diagnosis and treatment 
of rheumatic diseases present certain difficulties and may require testing for various antibod-
ies in the blood. Because of the high incidence and mortality rate of rheumatic diseases, they 
have become a hot topic for medical research (Chen et al., 2008). Rheumatic diseases treated 
with nonsteroidal anti-inflammatory drugs (NSAIDS), glucocorticoids, and immunosuppres-
sive agents have shown good short-term and long-term remission rates.

OA is a type of rheumatic disease that often seriously affects the quality of life of pa-
tients. It is second only to heart disease as the main reason that middle-aged men cannot work 
(Liu et al., 2012; Schulz et al., 2012). A recent study showed that mechanical and biological 
factors interact to cause an imbalance in the synthesis and degradation of cartilage cells in the 
joints (Zhao et al., 2010).

In the present study, after 50 days, Mankin scores of the rats in the model group 
were significantly lower than those in the control group. Parameters of heart function, spe-
cifically E and E/A, were significantly lower in the model group than in the control group; 
the A value increased, and relaxation of the left ventricle decreased. Pulmonary function 
parameters of PEF, FEF50, and FEF75 were lower in the model group than in the control 
group, indicating that ventilatory function of the rats in the model group was decreased 
which is consistent with findings reported in a previous study (Qu et al., 2010). FEV1 also 
decreased in the model group, suggesting the presence of small airway disease. In the model 
group, serum cytokine IL-4 level decreased and IL-17 level increased. Studies have shown 
that IL-4 can hinder the formation of osteoclasts, thus inhibiting bone resorption. The in-
crease in IL-17 level that occurs with OA inflammation promotes the synthesis and release 
of nitric oxide, causing cartilage destruction. In our study, expression of CD4

+ CD25
+ Foxp3

+ 
Treg in the model group decreased. Treg can block T-cell activation, contributing to the 
maintenance of peripheral immune system stability (Javeed et al., 2009). CD4+ CD25+ Treg 
inhibits the function of immune cells. With reduction of CD4

+ CD25
+ Foxp3

+ Treg expression, 
the inhibition of T-cell function decreases and the immune system becomes abnormal. This 
leads to a decrease in the IL-4 level and increase in the IL-17 level, thereby promoting the 
production of various enzymes, inflammatory cytokines, and oxygen free radicals, which in 
turn, leads to increased inflammation and immune system disorders that cause joint disease 
and compromise heart and pulmonary function (Darmochwal-Kolarz et al., 2012; Bhat-
tacharya et al., 2013).

In summary, OA in the model rats in our study was associated with a decline in car-
diac and pulmonary function. Correlation of this with changes in the levels of IL-4, IL-17, 
and Treg suggests that the underlying mechanism may be a reduction of the regulatory effect 
of Treg. This would cause an immune imbalance that could lead to a systemic inflammatory 
reaction, resulting in joint, heart, and lung injury. However, the specific mechanism still re-
quires further study.
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