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Abstract: Rheumatoid Arthritis (RA) is a kind of chronic systemic autoimmune disease mainly presented as arthrop-
athy. Its clinical manifestation includes progressive and symmetry joint destruction, even joint deformity and loss of
function. Rat adjuvant arthritis (AA) model is a commonly used animal model to investigate human RA mechanism.
This research applied human recombinant Interleukin-10 (hIL-10) to treat AA rats to explore hlL-10 therapeutic ef-
fect. A total of 30 Wistar rats were used to establish AA rat model by complete Freund’s adjuvant subcutaneous
injection and treated with hHL-10. Rat weight was measured. Hind limb joint swelling degree was tested by drainage
method. Serums IL-1, IL-4, and TNF-a levels were detected by ELISA. Rat weight in AA model group was obviously
lower than the normal control. After modeling, the rats appeared significant hind limb joint swell. After hIL-10 treat-
ment for 4 weeks, arthrocele degree in treatment group markedly reduced. Serology detection revealed that serum
ILl-1 and TNF-a level decreased, whereas IL-4 content elevated after hIL-10 treatment (P < 0.05). hIL-10 can alleviate
AA induced weight loss and arthrocele, and can impact IL-1, IL.-4, and TNF-a secretion. It showed therapeutic effect
on AA.
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Introduction

Rheumatoid Arthritis (RA) is a chronic systemic
autoimmune disease that mainly causes sys-
temic small arthropathy [1]. Its clinical feature
is progressive and symmetric joint destruction,
then causing joint swelling, stiffness, deformity,
or dysfunction [2]. Epidemiological investiga-
tion found that the incidence of RA was about
0.5% in our country, mainly in 20 to 50 years
old [3]. Since RA lesions involve cartilage and
bone tissue, it often causes joint deformity and
dysfunction, leading to disability or loss of
labor. It further causes serious physical and
mental burden and pressure, and also brings
serious burden for the society [4]. The patho-
genesis of RA is a complex biological process
that is unclear. Reports pointed out that adju-
vant arthritis (AA) in rat had various similarity
with human RA, thus constructing AA rat model
had important implications for RA mechanism
study [5]. Recent study found that establishing
AA rat model by complete Freund’s adjuvant
was commonly used to explore the pathogene-
sis of RA [6]. For the pathogenesis of RA is still

unclear, current treatment stays in treating
inflammation and sequelae. Non-steroidal anti-
inflammatory drugs (NSAIDs) are commonly
used for RA treatment. It plays an anti-inflam-
matory effect to relieve symptoms. However, it
cannot alleviate illness, and may cause side
effects, such as gastrointestinal symptoms and
kidney damage [7]. Although corticosteroids
can anti-inflammation, it also cannot prevent
joint destruction or block the disease develop-
ment. Furthermore, long-term usage may lead
to adverse reactions such as osteoporosis and
obesity [8]. With the development of science
and technology, multiple cytokines were detect-
ed in RA patients and were found to participate
in RA process through complex regulation net-
work [9]. Interleukin-10 (IL-10) is a kind of single
glycoprotein composed of 178 amino acids that
mainly secreted by TH2 cells [10]. Study showed
that IL-10 is associated with a variety of autoim-
mune diseases [11], such as systemic lupus
erythematosus, rheumatoid arthritis, psoriasis,
etc. [12, 13]. To further investigate the effect of
human recombinant IL-10 (hIL-10) on AA, we
established AA rat model by complete Freund’s
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Figure 1. Rat weight changes (*P < 0.05, compared
with normal control; #P < 0.05, compared with mod-
el group).

adjuvant and observed weight and joint change.
We also used hIL-10 to treat AA rat to detect
inflammatory cytokines changes and explore
the therapeutic effect of hiL-10 on AA rat.

Materials and methods
Main reagents and instruments

Complete Freund’s adjuvant (Sigma, USA);
recombinant human IL-10 (PeproTech, USA); 3%
pentobarbital sodium (Guangzhou organic
chemical reagent factory, China); Rats IL-1 kit
(Neobioscience, Shanghai); Rat IL-4 kit (Neo-
bioscience, Shanghai); Rat TNF-a kit (Neo-
bioscience, Shanghai); Microplate reader (Bio-
tek, USA); Thermostatic water bath (Beijing
Changyuan experiment equipment factory,
China), etc.

Experimental animal

A total of 30 male Wistar rats weighted 180 g
were bought from Binzhou Medical University.
The rats were fed in thermostatic chamber
(25+2°C) with relative humidity at 50+5% and
12 h day and night. The rats received free eat-
ing and drinking.

Rats were used for all experiments, and all pro-
cedures were approved by the Animal Ethics
Committee of Binzhou Medical University
Hospital.

AA rat model establishment

The Wistar rats were randomly equally divided
into five groups, including normal control,
model group, hIL-10 high, middle, and low dose
group. The rats in model group and hIL-10 group
received 0.8 ml complete Freund’s adjuvant
solution left plantar subcutaneous one-off
injection. The rat’'s mental state, activities, food
intake, joints condition, and weighing were
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observed daily. AA rats were randomly divided
into four groups after 2 weeks, including model
group, hlL-10 high, middle, and low dose group.
The rats in hIL-10 group received hIL-10 intra-
peritoneal injection every other day for continu-
ous 4 weeks at 2 ug-Kg?, 10 ugKg?, and 50
ug-Kgt, respectively. The rats in model group
and normal control received equal amount of
sterile normal saline at the same way.

Arthrocele degree detection

Arthrocele degree was measured by drainage
method. The posterior limb was put into the
graduated transparent container full of water.
Overflow water volume after ankle of posterior
limb immersed to determine swelling degree.
The swelling degree was tested at modeling, 1
week after modeling, hIL-10 treatment, and 1,
2, 3, 4 weeks after treatment. The rat weight
was also measured at the same time. The mea-
surement was repeated for three times and the
mean value was calculated as swelling degree
index.

ELISA

Rat blood was collected for 1 ml from inner can-
thus using capillary glass tube at before model-
ing, modeling, and 2 and 4 weeks after treat-
ment to test serum IL-1, IL-4, and TNF-« levels.
The serum was centrifuged at 12000 g and
4°C for 5 min. 50 ul standard substance or
sample was added to each well with three repli-
cates at 37°C for 30 min. After removing the
fluid, the plate was washed by buffer for 3 times
and added 50 ul enzyme-labelled reagent for at
37°C for 30 min. After washed by buffer for 3
times, the plate was added with color develop-
ing agent A and B at 37°C for 15 min. Then 50
ul stop buffer was added to each well and the
plate was read at 450 nm to calculate concen-
tration based on standard curve.

Statistical analysis

SPSS 20.0 was applied for data analysis. All
data were presented as mean + standard devi-
ation and tested by t test or ANOVA. P < 0.05
was considered as statistical significant.

Results
hiL-10 impact on AA rat weight

The average weight of rats at the beginning was
183.20 £ 23.24 g. No statistical difference was
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Table 1. Joint swelling degree changes (ml)

Group 0 1 2 3 4 5 6 (week)

Normal control 1.18+0.06 1.21+0.08 1.25+0.09 1.28+0.11 1.32+0.11 1.34+0.08 1.36+0.09
Model group 1.16+£0.07 1.83+0.09 2.85+0.11" 3.54+0.13" 3.52+0.12" 3.75+0.16" 3.26+0.10"
hIL-10 low dose 1.15+0.05 1.75+0.10 2.89+0.12" 3.37+0.11" 3.26+0.16" 3.11+0.10"* 2.94+0.13"#
hIL-10 middle dose 1.16+0.07 1.81+0.09 2.75+0.13" 3.33+0.15" 3.17+0.14"* 3.02+0.11"# 2.91+0.12"*
hIL-10 high dose 1.18+0.08 1.83+0.11 2.83+0.17" 3.28+0.15" 3.11+0.13™* 2.97+0.18"* 2.88+0.11"#

hIL-10 low, middle, and high dose was 2 pgKg?, 10 ugKg?, and 50 pgKg?, respectively. *P < 0.05, compared with normal con-
trol; #P < 0.05, compared with model group.
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observed among five groups (P > 0.05). The
weight showed elevation in different degree
with time extension (Figure 1). At the end of
experiment, the mean weight of rats were
318.53+21.71 g, 247.26+23.37 g, 261.78+%
27.18 g, 274.27+22.06 g, and 295.35+24.62 g
in normal control, model group, hiL-10 low, mid-
dle, and high dose group, respectively. As
shown in Figure 1, the rats weight in model
group and treatment group declined compared
with normal control (P < 0.05), while itincreased
in treatment group compared with model group
(P <0.05).

hIL-10 impact on AA rat arthrocele
Drainage method was applied to measure rat

posterior limb arthrocele during experiment
(Table 1). No significant difference was
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Figure 2. Serum IL-1, I.-4, and TNF-a ex-
pression. *P < 0.05, compared with nor-
mal control; #P < 0.05, compared with
model group (A: IL-1 expression; B: IL-4
expression; C: TNF-a expression).

observed among each group at the beginning
(P > 0.05). Then the swelling degree presented
changes in different degree with time exten-
sion. The rats in model group and hIL-10 treat-
ment group showed obviously arthrocele com-
pared with normal control (P < 0.05). Compared
with AA model group, the posterior limb swell-
ing degree in hIL-10 treatment group presented
markedly alleviation with dose-dependent (P <
0.05).

hIL-10 impact on AA rat inflammatory cyto-
kines expression

Serum inflammatory cytokines IL-1, IL-4, and
TNF-a levels were detected at starting, model-
ing, and 2 and 4 weeks after treatment (Figure
2). No statistical difference was observed
among each group at the beginning (P > 0.05).
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Serum IL-1 and TNF-a level elevated (Figure 2A
and 2C), while IL-4 content reduced (Figure 2B)
after modeling (P < 0.05). After hIL-10 treat-
ment for 2 and 4 weeks, serum IL-1 and TNF-a
level declined (Figure 2A and 2C), whereas IL-4
content enhanced (Figure 2B) compared with
model group (P < 0.05).

Discussion

RA is a kind of chronic autoimmune disease
that mainly damage synovial membrane, carti-
lage, and bone tissue. It is a type of symmetric
and progressive arthritis occurred in small
joints [14]. It was reported that RA pathogene-
sis often accompanied with abnormal IL-1, IL-4,
and TNF-a expression. IL-1, also known as lym-
phocytes stimulating factor, is mainly produced
by activated macrophages. It can stimulate
mesenchymal cells in bone tissue secreting a
large number of collagenase and prostaglan-
dins, destroying bone collagen and affecting
bone absorption, resulting in cartilage and
synovial tissue lesions [15]. IL.-4 is a kind of
anti-inflammatory factor generated by activat-
ed T cells. It plays a role to inhibit inflammation
by participating in humoral immune reaction
through promoting TH2 cells reaction and
affecting T cells and B cells proliferation and
differentiation through restraining inflammato-
ry cytokines secretion [16]. TNF-a is mainly pro-
duced and secreted by macrophages. It stimu-
lates inflammation by activating cell degra-
nulation and peroxidase secretion to enhance
the phagocytosis of neutrophils and enhancing
MCH class | antigen and IL-1 expression to pro-
mote neutrophil adhesion to epithelial cells
[47]. Early research suggested that AA rat
model was an ideal animal model for human
RA pathogenesis investigation. HSP65 in the
mycobacterium tuberculosis in complete
Freund’s adjuvant shows high similarity with
the molecular structure of autoantigen HSP60
in rat articular cartilage. Both of these two pro-
teins can be recognized by T cells, thus induc-
ing autoimmune reaction which gives priority to
joint damage [18, 19]. Therefore, this study
explored hIL-10 impact on cytokines expression
in AA rat and its therapeutic effect on AA.

Our results showed that the rat's weight in
model group and treatment group declined
compared with normal control, while it
increased after four weeks’ hiL-10 treatment
compared with model group. It suggested that
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hIL-10 affected rat weight increase. Drainage
detection revealed that compared with AA
model group, the posterior limb swelling degree
in hIL-10 treatment group presented markedly
alleviation. Previous report indicated that
human RA pathogenesis accompanied with
abnormal IL-1, IL-4, and TNF-a expression.
Moreover, it was found that IL-1 and TNF-a can
promote inflammation progress as inflammato-
ry cytokines, whereas IL-4 can inhibit inflamma-
tion as belonging to anti-inflammatory cytokine
[20]. Further study demonstrated that com-
pared with AA model group, serum IL-1 and
TNF-a level declined, whereas IL-4 content
enhanced in hIL-10 treatment group (P < 0.05).
It suggested that hIL-10 can affect AA occur-
rence by inhibiting IL-1 and TNF-a expression
and upregulating IL-4 level.

In conclusion, hIL-10 can promote weight gain
and alleviate arthrocele in AA model. It showed
therapeutic effect on AA by affecting IL-1, IL-4,
and TNF-a secretion.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Mingting Liu,
Department of Joint Surgery, Binzhou Medical
University Hospital, 661 Huanghe Second Road,
Binzhou 256603, Shandong, China. Tel: +86-543-
3258736; Fax: +86-543-3258736; E-mail: lium-
ingtinght@sina.com

References

[1] Guggino G, Giardina A, Ferrante A, Giardina G,
Schinocca C, Sireci G, Dieli F, Ciccia F, Triolo G.
The in vitro addition of methotrexate and/or
methylprednisolone determines peripheral re-
duction in Th17 and expansion of conventional
Treg and of IL-10 producing Th17 lymphocytes
in patients with early rheumatoid arthritis.
Rheumatol Int 2015; 35: 171-175.

[2] Ge L, Huang, Zhang H, Liu R, Xu N. Associa-
tion between polymorphisms of interleukin 10
with inflammatory biomarkers in East Chinese
Han patients with rheumatoid arthritis. Joint
Bone Spine 2015; 82: 182-186.

[3] Kawano S, Lin Q, Amano H, Kaneko T, Nishika-
wa K, Tsurui H, Tada N, Nishimura H, Takai T,
Shirai T, Takasaki Y, Hirose S. Phenotype con-
version from rheumatoid arthritis to systemic
lupus erythematosus by introduction of Yaa
mutation into FcgammaRIIB-deficient C57BL/6
mice. Eur J Immunol 2013; 43: 770-778.

Int J Clin Exp Pathol 2016;9(5):5606-5610


mailto:liumingtinght@sina.com
mailto:liumingtinght@sina.com

(10]

(11]

[12]

[13]

5610

hIL-10 in treating AA

Park SY, Lee SW, Baek SH, Lee CW, Lee WS,
Rhim BY, Hong KW, Kim CD. Suppression of
PU.1-linked TLR4 expression by cilostazol with
decrease of cytokine production in macro-
phages from patients with rheumatoid arthri-
tis. Br J Pharmacol 2013; 168: 1401-1411.
Wan L, Liu J, Huang C, Wang Y, Zheng L. Effect
of xinfeng capsule on pulmonary function in a
adjuvant arthritis rat model. J Tradit Chin Med
2014; 34: 76-85.

Zheng FL, Chang Y, Jia XY, Huang M, Wei W.
Effects and mechanisms of Cryptotanshinone
on rats with adjuvant arthritis. Chin Med J
(Engl) 2011; 124: 4293-4298.
Vaghef-Mehrabany E, Alipour B, Homayouni-
Rad A, Sharif SK, Asghari-Jafarabadi M, Zav-
vari S. Probiotic supplementation improves in-
flammatory status in patients with rheumatoid
arthritis. Nutrition 2014; 30: 430-435.

Greish S, Abogresha N, Abdel-Hady Z, Zakaria
E, Ghaly M, Hefny M. Human umbilical cord
mesenchymal stem cells as treatment of adju-
vant rheumatoid arthritis in a rat model. World
J Stem Cells 2012; 4: 101-109.

Alghasham A, Rasheed Z. Therapeutic targets
for rheumatoid arthritis: Progress and promis-
es. Autoimmunity 2014; 47: 77-94.

Singh S, Sharma A, Arora SK. Combination of
low producer AA-genotypes in IFN-gamma and
IL-10 genes makes a high risk genetic variant
for HIV disease progression. Cytokine 2016;
77:135-144.

Neumann K, Rudolph C, Neumann C, Janke M,
Amsen D, Scheffold A. Liver sinusoidal endo-
thelial cells induce immunosuppressive IL-
10-producing Th1 cells via the Notch pathway.
Eur J Immunol 2015; 45: 2008-2016.

Zhao J, Sun Y, Shi P, Dong JN, Zuo LG, Wang
HG, Gong JF, Li Y, Gu LL, Li N, Li JS, Zhu WM.
Celastrol ameliorates experimental colitis in IL-
10 deficient mice via the up-regulation of au-
tophagy. Int Immunopharmacol 2015; 26:
221-228.

Zhu XM, Huang YM, Fan JF, Shi YZ. Aberrant
frequency of IL-10-producing B cells and its as-
sociation with the balance of Treg/Th17 in chil-
dren with inflammatory bowel disease.
Pharmazie 2015; 70: 656-660.

(14]

(15]

(16]

(17]

(18]

(19]

[20]

Hong SH, Kwone JT, Lee JH, Lee S, Lee AY, Cho
WY, Bat-Erdene M, Choi BD, Cho MH. Ascidian
tunicate extracts attenuate rheumatoid arthri-
tis in a collagen-induced murine model. Nat
Prod Commun 2014; 9: 847-851.

Tahmasebi Z, Akbarian M, Mirkazemi S, Shah-
laee A, Alizadeh Z, Amirzargar AA, Jamshidi AR,
Ghoroghi S, Poursani S, Nourijelyani K, Mah-
moudi M. Interleukin-1 gene cluster and IL-1
receptor polymorphisms in Iranian patients
with systemic lupus erythematosus. Rheuma-
tol Int 2013; 33: 2591-2596.

LuoY, Ye Z, Li K, Chen R, Li S, Pang J. Associa-
tions between polymorphisms in the IL-4 and
IL-4 receptor genes and urinary carcinomas: a
meta-analysis. Int J Clin Exp Med 2015; 8:
1227-1233.

Araujo AA, Souza TO, Moura LM, Brito GA,
Aragao KS, Araujo LS, Medeiros CA, Alves MS,
Araujo RF Jr. Effect of telmisartan on levels of
IL-1, TNF-alpha, down-regulated COX-2, MMP-
2, MMP-9 and RANKL/RANK in an experimen-
tal periodontitis model. J Clin Periodontol
2013; 40: 1104-1111.

Dai MM, Wu H, Li H, Chen J, Chen JY, Hu SL,
Shen C. Effects and mechanisms of Genipo-
side on rats with adjuvant arthritis. Int Immu-
nopharmacol 2014; 20: 46-53.

Zhou J, Wang LP, Feng X, Fan DD, Zang WJ,
Wang B. Synthetic peptides from heat-shock
protein 65 inhibits proinflammatory cytokine
secretion by peripheral blood mononuclear
cells from rheumatoid arthritis patients. Clin
Exp Pharmacol Physiol 2014; 41: 67-72.

Gao W, McCormick J, Connolly M, Balogh E,
Veale DJ, Fearon U. Hypoxia and STAT3 signal-
ling interactions regulate pro-inflammatory
pathways in rheumatoid arthritis. Ann Rheum
Dis 2015; 74: 1275-1283.

Int J Clin Exp Pathol 2016;9(5):5606-5610



