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Abstract. The aim of the present study was to investigate the 
expression levels of interleukin-15 (IL-15) and interleukin-17 
(IL-17) in synovial fluid of rheumatoid arthritis (RA) animal 
model, and to investigate their correlations with RA. A total of 
100 Wistar rats were selected, among which 60 rats were used 
to establish the collagen II-induced arthritis (CIA) model as 
the model observation group, and the remaining 40 rats were 
used as blank control group. The levels of IL-15 and IL-17 in 
synovial fluid were detected via enzyme-linked immunosor-
bent assay (ELISA) at 1, 7, 14, 21 and 28 days after successful 
modeling. RA was evaluated by using arthritis index (AI) and 
pedal swelling volume. The expression levels of IL-15 and 
IL-17 in synovial fluid of rats in model observation group 
were higher than those in blank control group (P<0.05), and 
the levels of IL-15 and IL-17 in model observation group were 
gradually increased over time. In model observation group at 
7 days after modeling, AI and pedal swelling volume began to 
be increased gradually reaching a peak at 28 days. The pedal 
swelling volume of CIA model rats was significantly higher 
than that of the blank control group (P<0.05). The increased 
expression levels of IL-15 and IL-17 in synovial fluid of rats 
in the CIA model observation group are correlated with the 
activity of disease, which can be used as reference indexes for 
the activity of RA.

Introduction

Rheumatoid arthritis (RA) is a kind of chronic connective tissue 
immune disease characterized by joint lesions, and it is also a 
kind of progressive arthritis. When RA occurs in the human 
body, it often causes joint pain and discomfort, joint space 
narrowing, and joint synovial swelling and pain, accompanied 

with synovial effusion. In the early stage of disease, patients 
often do not pay attention to it, thus the treatment is delayed; 
as the disease continues to be aggravated, it will even cause 
disability. The prevalence rate of RA is approximately 0.5-1% 
in the world, and its incidence ratio in men and women is 
approximately 1:3. Moreover, RA can occur in any age group, 
and occurs frequently in people aged 30-50 years old  (1). 
According to the research of Fessler et al (2), expression levels 
of inflammatory cytokine in human body are increased under 
the activity of RA.

Interleukin-15 (IL-15) and interleukin-17 (IL-17) are 
currently considered as cytokines for inflammatory response, 
which initiates inflammatory responses involving a series of 
downstream molecules, such as IL-6, IL-8 and granulocyte-
macrophage colony-stimulating factor (GM-CSF), and triggers 
inflammation (3). IL-15, an inflammatory cytokine existing 
in human cells and tissues, is produced by macrophages, and 
with similar functions and biological activities to IL-2, its role 
in immune diseases and inflammatory responses in human 
body has attracted increasingly more attention (4,5). IL-17 
is a cytokine during the process that T lymphocytes induce 
and promote the inflammation, which has the functions of 
promoting immune response, inflammation development and 
hematopoiesis (6). Moreover, IL-17 can promote the produc-
tion of reactive protein and plays an important regulatory 
role in the occurrence and development of inflammation (7); 
it can also induce other inflammatory cytokines, adhesion 
molecules, to play its roles in the occurrence and development 
of RA (8). It thus appears that IL-15 and IL-17 may be involved 
in the development process of RA.

The aim of the study was to examine the expression levels 
of IL-15 and IL-17 in synovial fluid of collagen II-induced 
arthritis (CIA) model rats, and explore their changes in RA 
through establishing CIA rat model, so as to provide clinical 
references for the diagnosis and treatment of RA.

Materials and methods

Experimental animals. A total of 100 healthy and clean Wistar 
rats aged approximately 6 weeks and weighing approximately 
180  g were purchased from Shanghai Slac Laboratory 
Animal Co., Ltd., Shanghai, China (laboratory animal license 
no.: SDLB 2013‑006). The rats were housed in a temperature 
controlled room (21±2˚C) on a 12:12-h light/dark cycle (lights 
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on at 06:00). All rats had free access to water and food. This 
experimental study strictly adhered to the welfare ethical prin-
ciple of animal experiments. This study was approved by the 
Animal Ethics Committee of Zhengzhou University Animal 
Center (Zhengzhou, China).

Main experimental reagents and instruments. Natural bovine 
type II collagen (containing acetic acid) was purchased from 
Beijing Biolead Biotechnology Co., Ltd., Beijing, China; 
Freund's complete adjuvant was purchased from Shanghai 
Qcbio Science and Technologies Co., Ltd., Shanghai, 
China.  The IL-15 and IL-17 enzyme-linked immunosorbent 
assay (ELISA) kit was purchased from Shanghai Kanglang 
Biological Technology Co., Ltd., Shanghai, China; microplate 
reader was purchased from Shanghai Kanglang Biological 
Technology Co., Ltd.; GT10-1 high-speed centrifuge was 
purchased from Changsha Xiangzhi Instrument Co., Ltd., 
Changsha, China; Olympus CX23 microscope was purchased 
from Beijing Cossim Scientific Instruments Co., Ltd., Beijing, 
China; YLS-7C pedal volume measuring instrument was 
purchased from Chengdu Techman Software Co., Ltd., 
Chengdu, China.

Preparation of animal model. In this experiment, rats were 
modeled. A total of 100 Wistar rats were divided into model 
observation group (n=60) and blank control group (n=40). 
CIA model was established in model observation group 
following the modeling method below: 20 mg bovine type II 
collagen (containing acetic acid) was taken and added into 
0.2 mol·l-1 acetic acid solution; the mixture was mixed evenly 
to be prepared into 4 mg·ml-1 collagen solution, and placed 
in a refrigerator at 4-6˚C overnight. Then 4 mg·ml-1 collagen 
solution and Freund's complete adjuvant were fully fused in 
the ice bath and prepared into 2 mol·l-1 collagen emulsion; 
the emulsion was placed in a refrigerator at 4-6˚C for standby 
application. Subsequently, 1.2  ml collagen emulsion was 
extracted by using a needle tube, and subcutaneously injected 
into 60 rats via multiple points in tail root. After 1 week, 0.6 ml 
collagen emulsion was injected to enhance the immunity. The 
40 rats in the blank group did not receive any treatment in this 
experiment.

Detection of IL-15 and IL-17 in synovial fluid. In this experi-
mental study, IL-15 and IL-17 levels in synovial fluid of rats 
were detected via ELISA. At 6:00 to 8:00 in the morning, 2 ml 
synovial fluid was extracted from the joint cavity of rats into 

a test tube by using a syringe, and centrifuged at 2,200 x g for 
15 min. The supernatant was taken and stored in a refrigerator 
at -80˚C. This experiment was performed in strict accordance 
with instructions of kits. Standard solution (100 µl), sample 
to be tested and negative/positive control solution were taken 
into the reaction plate by using a pipette, and then 100 µl 
bioreaction antibody solution was quickly added. The plate 
was covered with membrane, and the mixture was mixed 
evenly and let stand for 40 min. Each reaction well was added 
with 100 µl streptavidin; the mixture was mixed evenly and 
let stand for 40 min; the liquid in the reaction well was poured 
away, and cleaning solution was added into each reaction well, 
mixed evenly and shaken slowly for 1 min. The liquid in the 
reaction well was poured away; the operation was repeated 
5 times; 100 µl reaction liquid A and 100 µl reaction liquid B 
were added into each reaction well, and the mixture was mixed 
evenly and let stand in the dark for 5 min. Then 100 µl stop 
solution was quickly added into the reaction wells, followed by 
immediate detection. The optical density value of each well 
was detected by a microplate reader (Bio-Rad, Hercules, CA, 
USA) at a wavelength of 550 nm. Detection methods of IL-15 
and IL-17 were same.

Arthritis index (AI) evaluation. In this experiment, AI integral 
method (9) was used for evaluation, and it was evaluated at 
1, 7, 14, 21 and 28 days after rat modeling. According to the 
range of joint swelling and severity of joint deformity, AI was 
scored: no arthritis or no pedal swelling and deformity on the 
surface: 0 points; involvement of 1-2 plantar joints: 1-2 points; 
involvement of 3-4 plantar joints: 3-4 points; involvement of 
more than 4 plantar joints: 5 points; severe arthritis: 5 points. 
There were a total of 20 points for four paws of each rat; the 
higher the AI score was, the severer the arthritis would be.

Detection of pedal swelling volume of rats. The anterior and 
posterior pedal swelling volumes of rats in model observation 
group and blank control group were measured at 1 day after 
modeling, and then the anterior and posterior pedal swelling 
volumes of rats were measured at 1, 7, 14, 21 and 28 days 
after modeling, respectively. The measurement method is as 
follows: Rats to be tested were placed in a fixed barrel, and 
the pedal swelling of rats were marked and scribed. The pedal 
volume of rats was measured using the YLS-7C pedal volume 
measuring instrument in strict accordance with the manu
facturers' protocol. The larger the pedal swelling volume of rat 
was, the more serious the disease would be.

Table I. General data of rats in the model observation and blank control groups.

Item 	 Model observation group	 Blank control group	 t/χ2	 P-value

Male (%)	 23 (0.43)	 18 (0.45)	 χ2=5.16	 0.349
Female (%)	 30 (0.57)	 22 (0.55)	 χ2=5.20	 0.351
Age (days)	 39.57±2.61	 40.07±2.25	 t=2.15	 0.186
Weight (g)	 176.16±20.32	 180.26±16.37	 t=4.06	 0.273
Indoor temperature (˚C)	 23.12±0.63	 23.08±0.56	 χ2=1.97	 0.156
Indoor humidity (%)	 52.45±5.03	 51.45±6.13	 χ2=2.06	 0.175
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Statistical analysis. Statistical Product and Service Solutions 
(SPSS) 22.0 software (Beijing Strong-Vinda Information 
Technology Co., Ltd., Beijing, China) was used for analysis. 
Measurement data were presented as mean ± standard devia-
tion (mean ± SD). The t-test was used for the comparison of 
measurement data between two groups, Chi-square test was 
used for the comparison of rate. Logistics regression analysis 
was used for the correlation analysis. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Changes in general conditions and pedal swelling volumes of 
rats in two groups. In this experiment, after multi-point injec-
tion in tail roots of rats in model observation group, 53 out of 
60 rats in model observation group were successfully modeled 
with the success rate of modeling of 88.33% (53/60). The sex 
and week age of rats, indoor temperature and indoor humidity 
had no effects on this experiment (P>0.05) (Table I). At 7 days 
after successful modeling, 53 rats in model observation group 
had different degrees of joint swelling, the hair began to become 
yellow slightly, the body weight was gradually decreased, the 
exercise capacity was also decreased, and they did not like to 
move. At 1, 7, 14, 21 and 28 days after modeling, the pedal 
swelling volumes of rats were 1.47±0.11, 1.53±0.13, 1.58±0.16, 
1.60±0.13 and 1.63±0.20 ml, respectively. The pedal swelling 
volume of rats at 7 days after modeling was larger than that 

at 1 day after modeling (P<0.05). The pedal swelling volume 
at 14 days after modeling was larger than that at 7 days after 
modeling (P<0.05) and the pedal swelling volume at 21 days 
after modeling was larger than that at 14 days after modeling 
(P<0.05). The pedal swelling volume at 28 days after modeling 
was larger than that at 21 days after modeling (P<0.05). With 
the increase of time, the joint swelling volume was gradually 
aggravated until reaching the peak at 28 days. The pedal 
swelling volumes of rats in model observation group at 1, 7, 
14, 21 and 28 days were significantly larger than those in blank 
control group (P<0.05) (Table II).

Comparisons of IL-15 and IL-17 in synovial fluid between 
two groups. Results of ELISA showed that the levels of IL-15 
in model observation group at 1, 7, 14, 21 and 28 days after 
modeling were increased gradually, and the level was higher at 
7 days after modeling than that at 1 day after modeling (P<0.05). 
The level of IL-15 at 14 days after modeling was higher than 
that at 7 days after modeling (P<0.05), and the level of IL-15 
at 21 days after modeling was higher than that at 14 days after 
modeling (P<0.05). The level of IL-15 at 28 days after modeling 
was higher than that at 21 days after modeling (P<0.05). The 
concentrations of IL-15 in synovial fluid of rats in model obser-
vation group were higher than those in blank control group 
(P<0.05). The levels of IL-17 in model observation group at 
1, 7, 14, 21 and 28 days after modeling were increased gradu-
ally, and the level of IL-17 was higher at 7 days after modeling 

Table II. Comparisons of changes in pedal swelling volumes of rats in model observation group and blank control group (mean ± SD).

Group	 Qty (n)	 1 day	 7 days	 14 days	 21 days	 28 days

Model observation group (ml)	 53	 1.47±0.11	 1.53±0.13a	 1.58±0.16b	 1.60±0.13c	 1.63±0.20d

Blank control group (ml)	 40	 1.45±0.08	 1.46±0.11	 1.46±0.13	 1.47±0.11	 1.48±0.09
t value		  1.76	 2.65	 2.73	 3.01	 3.27
P-value		  0.036	 0.029	 0.025	 0.021	 0.018

Comparisons of pedal swelling volumes at 1, 7, 14, 21 and 28 days after modeling in model observation group: in the comparison of pedal 
swelling volumes at 7 days and 1 day after modeling, at=2.37, P<0.05; in the comparison of pedal swelling volumes at 14 and 7 days after 
modeling, bt=2.46, P<0.05; in the comparison of pedal swelling volumes at 21 and 14 days after modeling, ct=1.93, P<0.05; in the comparison 
of pedal swelling volumes at 28 and 21 days after modeling, dt=2.09, P<0.05.

Table III. Comparisons of IL-15 levels in synovial fluid of rats in model observation group and blank control group (mean ± SD).

	 IL-15 (ng·ml-1)
	 ------------------------------------------------------------------------------------------------------------------------------------------------------------
Group	 Qty (n)	 1 day	 7 days	 14 days	 21 days	 28 days

Model observation group	 53	 21.61±5.37	 38.22±5.49a	 46.53±8.24b	 58.74±7.69c	 73.26±9.13d

Blank control group	 40	 10.37±2.46	 13.37±4.02	 14.37±3.67	 13.37±4.79	 15.37±5.38
t value		  2.37	 3.26	 3.97	 5.33	 6.79
P-value		  0.043	 0.036	 0.031	 0.024	 0.016

Comparisons of IL-15 levels at 1, 7, 14, 21 and 28 days after modeling in model observation group: in the comparison of IL-15 levels at 
7 days and 1 day after modeling, at=2.83, P<0.05; in the comparison of IL-15 levels at 14 and 7 days after modeling, bt=3.13, P<0.05; in 
the comparison of IL-15 levels at 21 and 14 days after modeling, ct=3.01, P<0.05; in the comparison of IL-15 levels at 28 and 21 days after 
modeling, dt=2.93, P<0.05.
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than that at 1 day after modeling (P<0.05); the level of IL-17 
at 14 days after modeling was higher than that at 7 days after 
modeling (P<0.05); the level of IL-17 at 21 days after modeling 
was higher than that at 14 days after modeling (P<0.05); the 
level of IL-17 at 28 days after modeling was higher than that at 
21 days after modeling (P<0.05). The concentrations of IL-17 
in synovial fluid of rats in model observation group were higher 
than those in blank control group (P<0.05) (Tables III and IV).

Comparisons of AI scores between two groups. Rats in the 
model observation group began to have different degrees of 
joint swelling at 7-14 days after modeling. The swelling degree 
reached the peak after 4 weeks, and some joints were deformed 
(Table V).

Correlations of IL-15 and IL-17 expression levels in synovial 
fluid with pedal swelling volume and AI score of rats in model 
observation group. Correlations of IL-15 and IL-17 expres-
sion levels in synovial fluid with pedal swelling volume and 
AI score of rats in the model observation group were analyzed. 
It was found that the levels of IL-15 and IL-17 in synovial fluid 
were positively correlated with the pedal swelling volume and 
AI score of rats in the model observation group (Table VI).

Discussion

Rheumatoid arthritis (RA) is a kind of chronic connective 
tissue immune disease characterized by joint lesions. Its clin-
ical symptoms are manifested as persistent swelling and pain 
in joints, often involving the interphalangeal joint, elbow joint 
and pedal joint (10). The joint swelling and pain in RA patients 
are severer in the morning, and they are slightly relieved at 

noon and afternoon. Currently, the common predisposing 
factors in clinic are chronic infection, estrogen changes, humid 
and cold environment. RA is a systemic immune disease 
induced by multiple factors, and its incidence rate is not related 
to the region (11). At present, some data have indicated that a 
large number of inflammatory cytokines are involved in the 
development of RA, and the expression levels of IL-15 and 
IL-17 are significantly increased in RA patients (12).

In this study, it can be seen that the pedal swelling volumes 
and AI scores of rats at 1, 7, 14, 21 and 28  days showed 
increasing trends with the increase of time, indicating that 
RA is more and more serious during this period, and IL-15 
and IL-17 levels are gradually increased. Therefore, the two 
inflammatory cytokines, IL-15 and IL-17, are involved in the 
development process of RA.

IL-15 plays a regulatory role in the activation of neutro-
phils, and can stimulate the production of cytokines, such as 
IL-1, IL-6 and monocyte chemoattractant protein (MCP), and 
promote the adhesion of leukocyte vascular endothelial cells 
and the accumulation of leukocytes in inflammation, thus 

Table IV. Comparisons of IL-17 levels in synovial fluid of rats in model observation group and blank control group (mean ± SD).

	 IL-17 (ng·ml-1)
	 ---------------------------------------------------------------------------------------------------------------------------------------------------------------
Group	 Qty (n)	 1 day	 7 days	 14 days	 21 days	 28 days

Model observation group	 53	 18.92±3.51	 43.85±11.93a	 53.27±10.33b	 72.05±11.38c	 86.46±10.28d

Blank control group	 40	 11.28±3.06	 11.37±4.28	 13.13±3.09	 14.37±3.23	 11.75±5.07
t value		  4.63	 5.97	 6.22	 7.03	 8.16
P-value		  0.046	 0.031	 0.028	 0.017	 0.011

Comparisons of IL-17 levels at 1, 7, 14, 21 and 28 days after modeling in model observation group: in the comparison of IL-17 levels at 
7 days and 1 day after modeling, at=5.36, P<0.05; in the comparison of IL-17 levels at 14 and 7 days after modeling, bt=3.19, P<0.05; in 
the comparison of IL-17 levels at 21 and 14 days after modeling, ct=4.26, P<0.05; in the comparison of IL-17 levels at 28 and 21 days after 
modeling, dt=3.76, P<0.05.

Table V. Comparisons of AI scores of rats between model observation group and blank control group (mean ± SD).

Group	 Qty (n)	 1 day	 7 days	 14 days	 21 days	 28 days

Model observation group	 53	 3.27±0.65	 5.28±2.29	 8.26±2.36	 10.33±3.94	 13.63±4.77
Blank control group	 40	 0	 0	 0	 0	 0
P-value		  0.032	 0.029	 0.024	 0.018	 0.013

Table VI. Correlations of IL-15 and IL-17 expression levels 
in synovial fluid with pedal swelling volume and AI score in 
model observation group.

Items	 IL-15 level	 IL-17 level

AI score	 0.357a	 0.236a

Pedal swelling volume	 0.274a	 0.356a

aP<0.05.
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expanding the inflammatory response; so it has various effects 
in inflammatory response and human immunity (13,14). In 
this study, results showed that the expression levels of IL-15 
in synovial fluid in the model observation group at 1, 7, 14, 21 
and 28 days were gradually increased, and the levels of IL-15 
in model observation group were significantly higher than 
those in the blank control group (P<0.05). Additionally, the 
IL-15 expression level was positively correlated with AI score 
and pedal swelling volume. Therefore, it can be concluded that 
there is a close relationship between IL-15 and the occurrence 
and development of RA, and IL-15 can be used as a judg-
ment index for the development of RA. The possible reason 
is that IL-15 can promote T lymphocytes, B lymphocytes and 
natural killer cells for immune regulation, proliferation and 
differentiation, and promote and synthesize the human immu-
noglobulin, thus playing a lot of roles in the occurrence process 
of autoimmune diseases (15). Experiments of Zhang et al (16) 
also confirmed the view that the IL-15 level in synovial fluid is 
increased in RA patients, and IL-15 can be used as one of the 
judgment indexes for the activity of RA.

IL-17 is a cytokine during the process that T lymphocytes 
promote and induce the inflammation, and it has functions of 
promoting immune response, inflammation development and 
hematopoiesis (17). Results of the current study showed that the 
levels of IL-17 in model observation group at 1, 7, 14, 21 and 
28 days were significantly higher than those in blank control 
group (P<0.05), and the level was positively correlated with 
AI score and pedal swelling volume. Therefore, it is concluded 
that IL-17 can be used as a judgment index for the development 
of RA. The possible reason is that IL-17 can release and promote 
inflammatory cytokines to expand the inflammatory response, 
enhance the absorption and synthesis of osteoclasts, and 
control the cartilage cells to secrete cartilage matrix, thereby 
resulting in bone erosion at the affected joints (18). In addition, 
IL-17 is closely associated and interacts with other inflam-
matory cytokines, eventually leading to the occurrence and 
development of RA in patients (4). According to the research of 
Al-Saadany et al (19), the expression levels of IL-15 and IL-17 
in synovial fluid of RA patients are high, and there is a close 
relationship between IL-15 and IL-17; both of them can serve as 
judgment indexes for the activity of RA. It is also reported in the 
literature that IL-17 cannot be used as a judgment index for the 
activity of RA. For example, Al-Saadany et al (19) thought that 
IL-15 can be used as a judgment index for the activity of RA, 
but IL-17 is not associated with the activity of RA. The possible 
reason is that the differences in detection samples, instruments, 
reagents, and reference standards, affect the results.

In this experimental study, the repeatability and reliability 
of animal experiments were considered. To ensure the accuracy 
of results, the rats purchased were strictly screened, and the 
differences in sex, weight and health status, of Wistar rats were 
strictly controlled. In this experiment, sex and week age of 
rats, indoor temperature and indoor humidity had no effects 
on this experiment. Rats have light weight and small size, and 
they can be fed, managed and observed easily; moreover, rats 
have a good sensitivity on bacteria, viruses, external stimuli 
and inflammatory response, and changes in morphology, hair, 
exercise capacity and pedal swelling volume of rats can be 
carefully observed in the development of RA; therefore, rats 
were selected as the modeling objects in this study. Rats are still 

different from human body in the tissue structure, physiological 
characteristics, system function and disease characteristics. In 
medical experimental research, animal experiments serve for 
human beings, and the results of animal experiments should 
be integrated into the human body. Animals and humans are 
not the same genus after all; consequently, effective results 
in animals are not necessarily effective in human, while the 
ineffective results in animals are not necessarily ineffective in 
human body. Therefore, it is hoped that clinical patients with 
RA can be selected as subjects for experiments in the future to 
further prove the results of the present study.

In conclusion, the results have shown that the increased 
levels of IL-15 and IL-17 in synovial fluid of Wistar rats in 
CIA model observation group were associated with the devel-
opment of RA. IL-15 and IL-17 expression levels can be used 
as judgment indexes for the activity of RA clinically.
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