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IL.-22 expression is increased variedly in the initial phase, onset
and chronic phase of a pristane-induced arthritis rat model
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Abstract. The aim of the present study was to investigate the
expression pattern of T helper (Th) 17 and Th22 cell-related
factors in a pristane-induced arthritis (PIA) rat model. PIA
rats were divided into the initial phase group [day (D) 6
post-pristane injection], the onset of clinical arthritis group
(D12), the acute arthritis group (D26) and the chronic arthritis
group (D70). Rats injected with saline alone were used as the
control group. The mRNA expression levels of interleukin
(IL)-17A, IL-17F, interferon (IFN)-vy, IL-22, IL-22 receptor
(R) 1, IL-22 binding protein (BP) and RAR-related orphan
receptor o were examined in the spleen and/or synovium of the
various phases of PIA rats by reverse transcription-quantitative
polymerase chain reaction analysis. The results demonstrated
that, in the spleen, IL-22 exhibited an increasing trend in both
the initial phase and the onset of disease, while the ratio of
IL-22R1/IL-22BP increased in both phases, compared with
the control group. During the acute arthritis phase, IL-17F and
IFN-y were significantly increased and IL-17A exhibited an
increasing tendency in the synovium,compared with the control
group. In the chronic phase, IL-22, IL-22R1 and IFN-y were
increased in the spleen, while IL-22 exhibited an increasing
trend in the synovium. In addition, immunohistochemistry
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analysis was used to evaluate the expression of IL-17A, IL-21,
IL-22 and IL-22R1 in the ankle joints of D26 PIA rats. IL-17A
was mainly expressed in infiltrated inflammatory cells in the
synovium. IL-21 and IL-22 were both expressed in the inflam-
matory cells and in the articular chondrocyte of the proliferative
zone. IL-22R1 was expressed in proliferating synovial cells. In
conclusion, Th17 and Th22-related factor expression varied in
different disease progression phases and in different tissues
in PIA rats. IL-22 expression exhibited an increasing trend in
the initial phase and the onset phase of arthritis and increased
significantly with progression to chronic arthritis in the PIA
rat model. It is thought that IL-22 may serve an important role
in the pathological process of PIA, particularly in the chronic
fluctuation phase. Therefore, it may be a candidate molecule
for the treatment of rheumatoid arthritis.

Introduction

Rheumatoid arthritis (RA) is a chronic, inflammatory disease,
with activated T cells serving important roles in the patho-
logical progress (1,2). Pristane-induced arthritis (PIA) in rats
is one of the animal models commonly used for the study of
RA, and it exhibits many clinical features similar to human
RA (3.4). Pristane is a small alkane molecule, that induces
arthritogenic T cells and cannot form a stable complex with the
major histocompatibility complex class IT molecule. Therefore,
the PIA rat model is suitable to study the pathological role of
T cells or cytokines in arthritis progression (5,6).

T helper (Th) 17 cells were discovered in 2005, and were
demonstrated to secrete interleukin (IL)-17A, IL-17F, IL-21
and IL-22, to express the key transcription factors RAR-related
orphan receptor (ROR) yt and RORa, and to be important in
local inflammation (7,8). Another subtype of T helper cells
was discovered in 2009, Th22 cells, and were demonstrated to
secrete 1L-22, to exhibit the phenotype CCR4*CCR6"CCR10*
and to express the key transcription factor aryl hydrocarbon
receptor (9). The receptor complex that binds IL-22 is IL-10
receptor (R) 2/IL-22R1. Since IL-10R2 is expressed ubiquitously,
expression of IL-22R1 indicates the location of functional IL-22
signaling (10). In vivo, IL-22 binding protein (BP), a soluble
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form of the IL-22R1 subunit which binds IL-22 without acti-
vating downstream signaling, is a natural antagonist of IL-22
signaling (11). IL-17A and IL-22 are associated with RA or RA
animal models. IL-17A mRNA expression levels are increased
in RA patients and in the synovial tissues of collagen-induced
arthritis (CIA) mice (12). IL-17A is also increased in the synovial
fluid of patients with RA (13). Ikeuchi et al (14) reported that
IL-22 mRNA expression levels are increased in the synovial
tissues of patients with RA and that IL-22 is a pro-inflammatory
cytokine, while Sarkar et al (15) reported that IL-22 reduces the
severity of CIA and is protective against the disease in mice,
suggesting that these two studies reported contradictory results.
Further studies that will lead to a more comprehensive under-
standing of the expression pattern of IL-22 in an animal model
of RA are thus needed.

In the present report, different time points were examined
in a PIA rat model, in order to simulate the initial phase, onset,
acute and chronic arthritis phases at 6, 12, 26 and 70 days
following pristane injection, respectively. The expression of
various Th17 and Th22 cell-related cytokines, cytokine recep-
tors and transcription factors were measured in the different
disease phases in the PIA rats. IL-17F and IFN-y were signifi-
cantly increased in the synovium of acute PIA rats, while
IL-22 expression was increased predominantly in the chronic
phase of PIA rats.

Materials and methods

Animals and the PIA model. Dark Agouti rats (originating from
Zentralinstitut Fur Versuchstierzucht, Hannover, Germany)
were bred in the animal house under specific pathogen-free
conditions and with 12 h light/dark cycles. The rats were
housed in polystyrene cages at 4 rats/cage with standard
rodent chow and water ad libitum. A total of 42 rats (21 female
and 21 male; age, 8 to 12 weeks; weight, 174.5+34.2 g), were
randomly divided into two groups matched for sex and age. In
the PIA group, rats were subcutaneously injected with 150 pl
pure pristane (Acros Organics; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) at the base of the tail. Control rats
were subcutaneously injected with 150 x1 PBS and sacrificed
at 26 days following the injection. The PIA group was then
divided into four subgroups (8-10 rats per group), which were
sacrificed at different days post-injection: Day (D) 6 was
considered as the initial phase, D12 as the onset, D26 as acute
arthritis and D70 as chronic arthritis (3). Rats were anesthe-
tized by intraperitoneal administration of 2% pentobarbital
sodium (0.15 ml/100 g body weight). Spleens and synovium
from the right posterior ankles were harvested from the rats
immediately following sacrifice, and stored at -80°C. The
left posterior paws of the rats were removed and fixed with
4% paraformaldehyde at 20°C for 1 week, then decalcified
in 12.5% EDTA solution at 20°C for 4 weeks, during which
the solution was changed every two days. The decalcified
samples were subsequently embedded in paraffin and cut into
6 um tissue sections. The experiments were approved by the
Institutional Animal Ethics Committee of the Xi'an Jiaotong
University (Xi'an, China).

RNA isolation and reverse transcription (RT). Total RNA was
isolated from spleens and synovium using the TRIzol method
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(Invitrogen; Thermo Fisher Scientific, Inc.). Quantification
of RNA samples was performed using a GeneQuest CE
2301 instrument (Cecil Instruments, Inc., Cambridge, UK),
and samples with optical density (OD) 260/0D280 ratios of
1.8-2.0 were selected for further analysis. The quality of the
extracted RNA was also examined using an automated gel
imaging analysis system (Syngene, Frederick, MA, USA).
cDNA was prepared by RT using the RevertAid First Strand
cDNA synthesis kit, according to manufacturer's protocol
(Fermentas; Thermo Fisher Scientific, Inc.).

Quantitative polymerase chain reaction (qPCR). The cDNA
product was diluted 8 times with pure water. PCR reactions
were prepared with 4 pl diluted cDNA, 5 ul 2X SYBR®
Premix Ex Taq™ II (Takara Biotechnology Co., Ltd., Dalian,
China), 0.5 pl sense primers and 0.5 ul antisense primers into
200 ul PCR tubes, and then run on a iQ5 Real-Time PCR
detection instrument (Bio-Rad Laboratories, Inc., Hercules,
CA, USA). The reaction conditions were as follows: 95°C
for 3 min, then 40 cycles of 95°C for 10 sec, annealing
temperature for 20 sec (as illustrated in Table I for each
primer) and 72°C for 20 sec. Primer sequences and annealing
temperatures are listed in Table I, and -actin was used as the
internal control. Relative gene expression was calculated by
the AACq method (16).

Immunohistochemistry. Immunohistochemistry was used
to detect the location of IL-17A, 1L-21, IL-22 and IL-22R1
expression in ankle tissues from D26 PIA and control rats.
Samples were deparaffinized, retrieved for antigens by
incubating compound enzymes at 37°C for 20 mins, washed
with PBS buffer 3 times, and then they were incubated with
5% BSA (cat. no. ZLI-9027; Beijing Zhongshan Golden Bridge
Biotechnology Co., Ltd, Beijing, China) in PBS buffer at
37°C for 20 mins. Samples were then incubated overnight at
4°C with primary antibodies, and normal rabbit serum (cat.
no. ZLI1-9025; Zhongshan Golden Bridge Biotechnology Co.,
Ltd) or goat serum (cat. no. ZLI-9056; Zhongshan Golden
Bridge Biotechnology Co., Ltd) was used instead of primary
antibody as a negative control. Primary antibodies were: Rabbit
anti-IL-17A (cat. no. sc-7927; 1:100 dilution), goat anti-IL-21
(cat. no. sc-17649; 1:200 dilution) and goat anti-IL-22 (cat.
no. sc-14436; 1:200 dilution) from Santa Cruz Biotechnology,
Inc. (Dallas, TX USA) and goat anti-IL-22R1 (cat. no. AF2770;
1:200 dilution) from R&D Systems, Inc. (Minneapolis,
MN, USA). Biotin conjugated secondary antibodies [goat
anti-rabbit immunoglobulin (Ig)G (cat. no. ZB-2010) or rabbit
anti-goat IgG (cat. no. ZB-2050), purchased from Zhongshan
Golden Bridge Biotechnology Co., Ltd] with 1:1,000 dilutions,
were incubated at 37°C for 20 min. Finally, the reaction was
developed by adding the substrate reagent 3,30-diaminoben-
zidine tetrahydrochloride (DAB; Zhongshan Golden Bridge
Biotechnology Co., Ltd) and the sections were counterstained
with hematoxylin. A total of 18 slides per group (n=6 rats)
were evaluated under a light microscope.

Statistical analysis. Results were analyzed by one-way analysis
of variance followed by a Dunnett test using SPSS 15.0 soft-
ware (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered
to indicate a statistically significant difference.
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Table I. Primers used for reverse transcription-quantitative polymerase chain reaction.
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Gene Primer Sequence (5'-3") Product (bp) Annealing temperature ("C)

rIL-17A Sense CTACCTCAACCGTTCCACTT 191 65
Antisense ACTTCTCAGGCTCCCTCTTC

rIL-17F Sense CTCTGCTGCTGTTGATGT 228 54
Antisense GGTCTCGGGTGATATTGT

rIL-22 Sense TTCTCCTCCCAGTTATCAGTTGT 205 54
Antisense GGTGCGGTTGACGATGTAT

rIFN-y Sense CCCTCTCTGGCTGTTACTGC 149 65
Antisense TTTCGTGTTACCGTCCTTTTG

rIL-22R1 Sense TGAGGAGGAGGCACAGAGACC 141 60
Antisense ACAGAGGACAGGAGGGACAGC

rIL-22BP Sense CGTATGGACAGGGACAATGGAAAG 102 61
Antisense AGTATGGCTCGTATGGGTCTAAGG

rRORa Sense TGAGAACTACCAGAACAAGCAGAG 192 61
Antisense GTCAAAGGCACGGCACATCC

rf3-actin Sense CTATCGGCAATGAGCGGTTCC 146 61
Antisense TGTGTTGGCATAGAGGTCTTTACG

r, rat; IL, interleukin; IFN, interferon; R, receptor; BP, binding protein; RORo; RAR-related orphan receptor-o..
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Figure 1. Cytokine mRNA expression in the spleen of PIA rats. The mRNA expression levels of (A) IL-17A, (B) IFN-y and (C) IL-22 in the spleens of D6, D12,
D26 and D70 PIA rats were measured by reverse transcription-quantitative polymerase chain reaction (n=8-10 for each time point). Relative mRNA expression was
compared with B-actin. “P<0.05 vs. control (PBS treatment, sacrificed at D26). PIA, pristane-induced arthritis; IL, interleukin; IFN, interferon; D, day post-injection.

Results

Expression of cytokines in the spleen of PIA rats. The mRNA
expression levels of IL-17A, IFN-y and IL-22 were examined
in the spleens of D6, D12, D26 and D70 PIA rats by RT-qPCR.
The results demonstrated that, in the spleen, IL-17A exhibited
an increasing trend in the D26 group but this was not statisti-
cally significant (Fig. 1A). IFN-y mRNA expression levels
increased significantly in the D70 group compared with
the control group (Fig. 1B). IL-22 exhibited a trend towards
increased expression in the D6 and D12 groups, and increased
significantly in the D70 group compared with control (Fig. 1C).

Expression of cytokine receptors and transcription factors in
the spleen of PIA rats. The mRNA expression levels of two
types of IL-22 receptor, IL-22R1 and IL-22BP, and of the
transcription factor RORa (which is predominantly expressed
by Th17 cells), were examined in the spleens of D6, D12, D26

and D70 PIA rats by RT-qPCR. IL-22R1 expression levels
were significantly increased in the D70 group compared with
the control group (Fig. 2A). IL-22BP expression levels were
increased in the D70 group as well (Fig. 2B). Since IL-22R1 is
a functional receptor for IL-22, but IL-22BP is an antagonist
of IL-22, the ratio of IL-22R1/IL-22BP expression was also
calculated as a measure of IL-22 activity. The results demon-
strated that the IL-22R1/IL-22BP ratio was significantly
increased in the D6, D12 and D70 groups compared with
control, a pattern similar with the expression pattern of IL-22
(Fig. 2C). Finally, the mRNA expression levels of the RORa
transcription factor were not altered during the progression of
the disease (Fig. 2D).

Expression of cytokines in the synovium of PIA rats. Ankle
joints are the most affected joints in the PIA rat model. The
pathological changes in the synovial tissue reflect the local
disease condition (3). In the ankle synovium, the mRNA
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Figure 2. Cytokine receptors and transcription factor mRNA expression in the spleen of PIA rats. The mRNA expression levels of (A) IL-22R1, (B) IL-22BP,
(C) ratio of IL-22R 1/ IL-22BP and (D) RORa in the spleens of D6, D12, D26 and D70 PIA rats were measured by reverse transcription-quantitative polymerase
chain reaction (n=8-10 for each time point). Relative mRNA expression was compared with B-actin. “P<0.05 vs. control (PBS treatment, sacrificed at D26).
PIA, pristane-induced arthritis; IL, interleukin; ROR, RAR-related orphan receptor; D, day post-injection.
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Figure 3. Cytokine mRNA expression in the synovium of PIA rats. The mRNA expression levels of (A) IL-17F, (B) IFN-y, (C) IL-17A and (D) IL-22 in the
synovium of D6, D12, D26 and D70 PIA rats were measured by reverse transcription-quantitative polymerase chain reaction (n=8-10 for each time point).
Relative mRNA expression was compared with -actin. “P<0.05 vs. control (PBS treatment & sacrifice at D26). PIA, pristane-induced arthritis; IL, interleukin;
IFN, interferon; D, day post-injection.

expression levels of IL-17F and IFN-y were significantly D26 group (Fig. 3C) and IL-22 expression appeared increased
increased in the D26 group compared with the control group  in the D70 group (Fig. 3D) compared with control, but none of
(Fig. 3A and B). IL-17A expression appeared increased in the  these differences were significant.
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Figure 4. Expression of IL-17A in the ankle joints of D26 PIA and control rats. The IL-17A location in the synovium of (A) control and (B) PIA rats
was examined by immunohistochemistry (magnification, x200). Arrows indicate the positively stained infiltrating immune cells. IL, interleukin;

D, day post-injection; PIA, pristane-induced arthritis.
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Figure 5. Expression of IL-21 in the ankle joints of D26 PIA and control rats. The IL-21 location in the synovium of control and PIA rats, and its expression in
the joint cartilage of control and PIA rats were examined by immunohistochemistry (magnification, x400). Arrows indicate the positively stained infiltrating
immune cells and proliferating chondrocytes. IL, interleukin; D, day post-injection; PIA, pristane-induced arthritis.

Location of cytokines and cytokine receptor in the ankles of
PIA rats. Immunohistochemistry analysis was used to detect
the location of IL-17A, IL-21, IL-22 and IL-22R1 expression
in the ankle joints of D26 PIA and control rats. The results
demonstrated that IL-17A was mainly expressed in infiltrated
inflammatory cells in PIA rats, while in the control group, few
synovial cells were observed, the synovium was not prolife-
rated and no IL-17A positive cells were detected (Fig. 4).
In the PIA group, IL-21 was expressed in the infiltrated

inflammatory cells, as well as in the proliferating layer of the
articular cartilage (Fig. 5). A small number of proliferating
chondrocytes in the normal control group were also positive
for IL-21 expression (Fig. 5). Concerning IL-22 expression,
in the PIA group, IL-22 was predominantly expressed in the
infiltrated inflammatory cells located at invasion sites, and in
a small number of cells in the proliferating layer of articular
cartilage (Fig. 6). In the control group, however, IL-22 was
expressed in the proliferating layer of the articular cartilage
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Figure 6. Expression of IL-22 in the ankle joints of D26 PIA and control rats. The IL-22 location in the synovium of control and PIA rats, and its expression in
the joint cartilage of control and PIA rats were examined by immunohistochemistry (magnification, x400). Arrows indicate the positively stained infiltrating
immune cells and proliferating chondrocytes. IL, interleukin; D, day post-injection; PIA, pristane-induced arthritis.
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Figure 7. Expression of IL-22R1 in the ankle joints of D26 PIA and control rats. The IL-22R1 location in the ankle joints of (A) control (magnification, x100)
and (B) PIA rats (magnification, x400) was examined by immunohistochemistry. Arrows indicate the positively stained synovial cells. IL, interleukin; D, day

post-injection; PIA, pristane-induced arthritis.

(Fig. 6). Finally, IL-22R1 was expressed in proliferated syno-
vial cells in the PIA group (Fig. 7).

Discussion

The PIA rat model shares similar clinical features with RA,
and its dominant features of different phases are two disease

peaks, one at the acute phase and one at the chronic phase (17).
As previously demonstrated, the onset arthritis phase in the
PIA model is 12 days post-immunization, and the acute phase
lasts from D12 to D32, then progresses to the chronic phase
with a fluctuating incidence and level of disease (3).

Control rats were subcutaneously injected with PBS as it
is pathogen free. A previous study revealed that, following an
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injection with PBS, there were no significant changes in the levels
of cytokines in rats from day 0 to day 50 (4). Thus, in the present
study, control group rats were sacrificed at 26 days following
the injection, particularly as the PIA group rats exhibit the most
serious clinical and pathological symptoms of the disease (4).

In the present study, the expression pattern of IL-22 was
screened for the first time in the PIA rat model and IL-22
mRNA expression level was demonstrated to be varied in the
different phases of PIA.

In the initial phase of arthritis, D6 group in the PIA rat model,
which is prior to the onset phase, the deleterious factors have
started to produce and migrate to the immune organs. Expression
of IL-22 and IL-22R1 exhibited a trend to increased expression
and the ratio of IL-22R1/IL-22BP in the spleen was increased
compared with control. There was no significant change in
the expression of the detected cytokines in the synovium.
Geboes et al (18) used IL-227 mice to induce a CIA model,
and demonstrated that CIA incidence was decreased and the
severity of the disease was palliative compared with wild-type
mice. Similar results were reported by Pinto et al (19) using an
antigen-induced arthritis mouse model. These findings suggest
that IL-22 may serve an important role in the initial phase of
arthritis, earlier than other cytokines, in a systemic manner.

The next phase of arthritis progression is the onset phase,
in which the immune reaction and pro-inflammatory factors
transfer from the immune organs to target joints, thus inducing
arthritis (3,17). In the present results, IL-22 expression had
an increasing tendency and the ratio of IL-22R1/IL-22BP
increased significantly in the spleens of PIA rats compared with
control. In the synovium, IFN-vy, a pro-inflammatory factor,
was positively detected. IL-22 has been hypothesized to play a
protective role against arthritis in this phase. Sarkar et al (15)
observed that administration of recombinant IL-22 during the
effector phase in a CIA mouse model, delays the progression
and severity of arthritis, and reduces the scores for inflamma-
tion, synovitis, and cartilage and bone damage in paws, and
these effects are mediated through IL-10 production.

During the acute phase of arthritis, most pro-inflammatory
factors are secreted and aggregated into joints (4). In the present
study, IL-17F and IFN-y were significantly increased in the
synovium of PIA rats compared with control, while no signifi-
cant changes were observed in IL-22 expression. IL-17A is the
predominant cytokine secreted by Thl17 cells, and it is related
with many autoimmune diseases, including rheumatoid arthritis.
IL-17A may be one of the key pro-inflammatory factors and
may mediate the pathological progress of synovitis during the
acute phase of arthritis. IL-17A expression levels are increased
both in the synovium and synovial fluid of patients with RA
and in the inflammatory synovial tissues of CIA mice (13).
Intra-articular injection of IL-17A in wild-type mice can induce
symptoms similar to RA, while injection with a neutralizing
anti-murine IL-17A antibody after the onset of CIA reduces
joint inflammation, cartilage destruction, and bone erosion, and
decreases the serum level of IL-6 (20-22). In IL-17A™" mice,
the progression of CIA is suppressed and the production of
antigen specific T cells and collagen specific IgG2a is also
influenced (23). IL-17A promotes the production of granulocyte
macrophage colony-stimulating factor and prostaglandin E2
in synovial cells, and promotes macrophages to produce IL-1
and tumor necrosis factor-a (20,22,24). IL-17A promotes the
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differentiation of osteoclasts by inducing expression of receptor
activator of nuclear factor kB ligand in osteoblasts (25). IL-17A
induces synovial cells and chondrocytes to produce matrix
metalloproteinases, promotes the degradation of extracellular
matrix and inhibits the synthesis of proteoglycans and colla-
gens, which are the main components of matrix repair (26-28).
Ikeuchi et al (14) reported that IL-22 induces synovial fibroblast
proliferation and monocyte chemotactic protein-1 production
in vitro. In the present results, the role of IL-22 may be covered
by other pro-inflammatory factors.

Progression to the chronic phase is one of the key features
of RA, with disease fluctuation and lasting progression (29).
In the present study, IL-22 expression in the spleen of PIA
rats was demonstrated to be increased predominantly in the
chronic phase, an expression pattern that was similar to the
IL-22R1/IL-22BP expression ratio in PIA rats. Of note, IL-22
expression in the synovium was stable during the disease
progression, except in the chronic phase, which exhibited a
trend towards increased expression. This indicated that IL-22
may be important systemically and locally. Previously, it has
been reported that the predominant pathological features of PIA
in the chronic phase are the destruction and repair of joints (3).
IL-22 may serve important roles in the joint repair process.
Marijnissen et al (30) observed that IL-22 neutralization does
not influence the number of osteoclasts, but induces a signifi-
cant reduction in bone erosion. Geboes et al (18) reported that
IL-22R1 is expressed in osteoclast precursors, a CD11b* fraction
of splenocytes, and that IL-22 stimulates osteoclast differen-
tiation and activity. In IL-22"" mice, synovial tissue hyperplasia
and pannus formation was reduced compared with wild-type
mice (18).

In conclusion, the present results demonstrated that, in PIA
rats, IL-17F and IFN-y expression increased in the synovium
during the acute phase of arthritis. In addition, IL-22 increased
predominantly in the spleen during the chronic phase of
arthritis, with an increasing trend observed in the initial and
onset phases in the spleen and in the chronic phase in the
synovium. Further studies will be necessary in order to estab-
lish the role of IL.-22 in the various cytokine milieus and in the
different phases of arthritis progression.
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