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rhIL23R-CHR prevented the development of 
Th17 population

Given that IL-23R is a receptor homologous 
molecule to affect Th17 cell differentiation, the 
therapeutic effects by rhIL23R-CHR could attribute to 
the failure of Th17 cell accumulation in the spleens. To 
examine whether rhIL23R-CHR could inhibit Th17 cell 
development in vivo, the rats were sacrificed on day 24 
after first immunization and the splencytes were assayed 
by FACS. Indeed, the therapeutic effects of rhIL23R-CHR 
in CIA model were closely associated with the significant 
decrease of IL-23 concentration in rats (Figure 3A, 3B). 
Meanwhile, this decrease led to a prominent reduction 
in the percentage of Th17 cells in the CD4+ subset by 
the treatment (Figure 5A, 5B), and sera from rhIL23R-
CHR-treated rats contained much less IL-17A (Figure 5C-
5F), implying that the decrease of Th17 cell population 

might imbalance the ratio of Th17 and Treg cells. Since 
phosphorylation of STAT3 is required to induce Th17 cell 
development by stimulating the key transcriptional factor 
RORγt, whether rhIL23R-CHR would inhibit STAT3 
phosphorylation and downregulate mRNA level of RORγt 
in vivo was subsequently examined. Western blots of 
lysated splencytes showed that rhIL23R-CHR treatment 
significantly inhibited STAT3 phosphorylation compared 
to vehicle (Figure 5G, 5H). In parallel, Q-PCR results 
also revealed that mRNA level of RORγt was remarkably 
decreased after rhIL23R-CHR treatment (Figure 5I, 5J). 

rhIL23R-CHR regulated Treg population and 
function in CIA rats

Given the fact that rhIL23R-CHR could prevent 
against Th17 cell development in CIA rats, whether 
this effect makes a difference in the differentiation 

Figure 7: rhIL23R-CHR reduced the Th9 cells through IRF4/PU.1 regulation. A., B. The expression level of IL-9 in serum 
and synovial fluid determined by ELISA; C. IL-9 mRNA expression in the synovium from CIA rats analyzed by Q-PCR; D., E. IRF4 and 
PU.1in the spleen and synovium determined by Q-PCR. Data are representative of three independent experiments and are expressed as 
mean ± SD.
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of Treg cells was an important issue to be addressed. 
First, splenocytes from every rat in different groups 
were acquired and stained with PE-Foxp3, FITC-CD4 
and APC-CD25 antibodies for FACS assay. The assay 
results indicated that rhIL23R-CHR treatment could 
upregulate the differentiation of Treg cells compared 
to vehicle (Figure 6A, 6B). In addition, rhIL23R-CHR 
was able to significantly increase the level of IL-10 as 
determined by ELISA and Q-PCR (Figure 6C-6E). Next, 
Foxp3, the signature transcriptional factor for Treg cells, 
was quantified by Q-PCR. Compared to vehicle, the 
mRNA level of FoxP3 in rhIL23R-CHR-treated rats was 
significantly upregulated (Figure 6F, 6G).

rhIL23R-CHR reduced Th9 population in CIA 
rats

Since Th9 cells have been suggested to involve in 
the progression of CIA, we then examined the level of IL-
9, a signature cytokine of Th9 cells. Surprisingly, ELISA 
and Q-PCR analyses indicated that IL-9 was significantly 
lower in serum and synovial fluid (Figure 7A-7C), 
suggesting that the population of Th9 cells was changed as 
well. At the transcription level, other two Th9-associated 
transcriptional factors, IRF4 and PU.1, were significantly 
down-regulated by the treatment of rhIL23R-CHR (Figure 
7D, 7E), further confirming that the decrease of Th9 cell 
population was regulated by their transcription factors.

DISCUSSION

Currently, immunosuppressive agents are used 
as alternative therapy for the treatment of autoimmune 
diseases [4]. However, they often exhibit severe 
adverse effects, such as nephrotoxicity, cardiotoxicity, 
hypertension and hepatotoxicity, due mainly to the lack 
of specificity [29]. In our previous work, rhIL23R-CHR, 
a homologous protein of the endogenous extracellular 
receptor domain, could be used as a natural blocker against 
IL-23 [28], and the prokaryotically expressed human 
IL23R-CHR protein could inhibit the development of 
mouse and human Th17 cells in vitro [27]. In the present 
study, we intended to investigate the antagonistic effects 
of rhIL23R-CHR and probe its mechanism of action in 
CIA rat model. CIA is the most commonly used animal 
model for RA, sharing the same pathologic features with 
RA patients [30].The homolog of IL23R-CHR genes 
between human and rat is 82.98%, this human sequence-
based recombinant protein could be utilized as a molecular 
probe to exploit the relationship between the blockage 
of IL-23 signaling pathway and Th17 /Treg/Th9 cell 
balance in the rat model. Previous results indicated that 
knockout mice lacking the expression of IL-23 or IL23 
receptor results in suppressed development of CIA [31, 
32]. Similarly, we found in this study that rhIL23R-CHR 

could achieve the same results as the gene knockout, and 
both rhIL23R-CHR and CsA treatments prevented disease 
progression and ameliorated disease severity. Because of 
the non-specific immunosuppressive nature of CsA, we 
paid special attention to the differences between rhIL23R-
CHR and CsA on T cell function and distribution in the 
pathological process of RA in this study to differentiate 
the specificity and rationalize the potential benefits 
of targeting a specific signaling pathway. After CsA 
treatment, T cells (Th17/Treg/Th9) differentiation were 
completely inhibited, where as rhIL23R-CHR treatment 
resulted in a reduced differentiation of Th17/Th9 cells and 
an increased differentiation of Treg cells in CIA rats. Since 
Treg cells are well recognized as regulatory cells to inhibit 
the incidence of autoimmune diseases [33], the increase of 
Treg differentiation by rhIL23R-CHR treatment was in a 
good agreement with its therapeutic effects shown in CIA 
model. In addition, when body weight was concerned, the 
remarkable loss by CsA treatment vs. unchanged body 
weight by rhIL23R-CHR treatment certainly was an 
obvious indicator for the advantages of rhIL23R-CHR. 
These results strongly indicated that rhIL23R-CHR could 
be an alternative therapy for autoimmune diseases, which 
may possess a variety of benefits compared to classical 
immunosuppressive agents. 

From pathological point of view, TNF-α, the key 
cytokine in the induction of CIA model, has been a 
therapeutic target for monoclonal antibodies or receptor 
fusion blockers [34]. Although a great success has been 
achieved in the design and development of anti-TNF-
α-based therapeutics, TNF-α gene deletion in mice 
have still shown 20% probability of developing into 
autoimmune diseases in the animal models. In patients, 
due to individual differences and other unknown factors, 
those who poorly responded to anti-TNF-α therapy are 
urgently in the need of alternative therapies to overcome 
the tolerance [35]. Given the fact that knockout of IL-
23 gene in mice exhibited 100% resistance to EAE and 
CIA induction [14], IL-23 and its associated signaling 
pathway could be promising therapeutic targets. In the 
present study, high levels of both TNF-α and IL-23 in 
serum and synovial fluid were detected in CIA model. 
However, after rhIL23R-CHR treatment, the accumulation 
of IL-23 and TNF-α was remarkably lowered. To further 
justify the potential roles of IL-23 in RA patients, HFLS-
RA, an immortal cell line of human fibroblasts from knee 
joints of RA patients, was utilized to assess the regulatory 
effects of IL-23 on other cytokines and pro-inflammatory 
factors. We found that stimulation by TNF-α alone could 
upregulate the expression of IL-6, IL-8, G-CSF and MMP-
3 in this cell line. When the cells were co-stimulated by 
IL-23 and TNF-α, the pro-inflammatory activity was 
significantly enhanced. As expected, addition of rhIL23R-
CHR markedly inhibited the stimulatory effects by both 
IL-23 and TNF-α. The results in CIA rats and HFLS-RA 
cell line obviously indicated that IL-23 solely participates 
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in RA process or synergizes with TNF-α to exert its role 
as a strong inflammatory cytokine. Therefore, blockage 
of IL-23-mediated signaling pathway can represent a 
therapeutic approach for the treatment of RA or anti-
TNF-α tolerant RA patients, and rhIL23R-CHR could be 
served as a therapeutic agent for this purpose. The present 
results warrants that single treatment by rhIL23R-CHR 
or combination treatment with TNF-α blockers can be 
assessed and compared in clinical settings.

Apart from high expression of the pro-inflammatory 
cytokines, angiogenesis is another critical event by 
enhancing the formation or maintenance of pannus and 
promoting inflammatory cells infiltration in histological 
section of CIA model [4]. The observation of vascular 
proliferation in ankle joints of CIA rats in the present 
study led us to speculate that IL-9 could be involved in 
the pathogenesis of CIA. To verify this hypothesis, we 
examined IL-9 level in serum and synovial fluid, and 
high level of IL-9 production was indeed found. Again, 
blockage of IL-23 by rhIL23R-CHR showed a significant 
decrease of IL-9 in serum and synovial fluid.Meanwhile, 
histological analyses also revealed lower degree of 
angiogenesis and VEGF expression in ankle joints of CIA 
rats. Therefore, our results suggested that IL-23 promotes 
the expression of IL-9, the signature cytokine of Th9 cells 
[21], thereby expediting the growth of blood vessels to 
increase the severity of the disease.

In conclusion, we have confirmed that IL-23 
promotes Th17 cell differentiation via RORγt/STAT3 
signaling pathway to upregulate the expression of IL-17A, 
and increased Th17 cell differentiation further advances 
the inflammatory disorders for osteoclastogenesis. In 
addition, IL-23 participated in the differentiation of 
Th9 cells through upregulating PU.1 and IRF4, and 
subsequently increased the expression of IL-9 and VEGF 
to promote the formation of blood vessels and pannus. 
Moreover, Treg development and the subsequent IL-
10 secretion were inhibited by IL-23 to result in the 
deficiency of immunoregulatory function. The present 
results from CIA model and the treatment by rhIL23R-
CHR clearly indicated that IL-23 can synergize TNF-α 
to exert stronger pro-inflammatory activity. Given the 
increasingly important roles of IL-23 in the pathogenesis 
of RA, modulation of the distribution of Th17/Treg/Th9 
cells by rhIL23R-CHR could inhibit or reverse the pro-
inflammatory effects in RA progression. Collectively, the 
present study strongly suggested that rhIL23R-CHR has 
the potential to serve as a new therapeutic agent for RA 
patients and/or a complementary therapy in anti-TNF-α 
tolerant patients. 

MATERIALS AND METHODS

Animals

Female Wistar rats (6-8 weeks) weighed 160-180 
g were purchased from Comparative Medicine Center 
of Yangzhou University, China. The rats were housed 
under Specific Pathogen Free conditions and were fed 
with sterilized food, bedding and water. All animal 
experimental procedures were conducted in accordance 
with the Guide for Care and Use of Laboratory Animals 
as adopted and promulgated by the United States National 
Institutes of Health, and were approved by Jiangsu 
Provincial Experimental Animal Manage Committee 
under Contract scxk (su) 2012-2014, China.

Generation of rhIL23R-CHR

Purified rhIL23R-CHR used in this study was 
prepared based on our previous report [28]. The 
recombinant protein had a purity of 99% . All proteins 
were treated with Endotoxin affinity Resin (Genscript, 
USA) to remove the endotoxin before followed assays, the 
purified proteins were shown to have negligible endotoxin 
contamination( < 10 EU/mg) by an LAL Chromogenic 
endotoxin quantization assay(Genscript, USA).

Collagen-induced arthritis induction and 
treatment by rhIL23R-CHR

Type II chicken collagen (Sigma, USA) was 
dissolved in 0.1 M acetic acid at 4 mg/mL overnight at 
4oC under sterile condition. Each rat was immunized 
by intradermally injection of 100 μg CII emulsified in 
CFA (Sigma, USA) at the base of the tail on day 0. A 
booster injection was conducted 7 days after the primary 
immunization with another 100 μg CII emulsified in IFA 
(Sigma, USA). To evaluate the influence of rhIL23R-CHR 
on the treatment of CIA model, rats were treated with 
intravenous administration of rhIL23R-CHR at 1 mg/
kg every two days from day 0 to day 20. CsA was given 
by intragastric administration at 1.5 mg/kg as a positive 
control. Normal and CIA rats were administrated with an 
equal volume of PBS at the same time. The severity of the 
arthritis was scored every two days. Inflammation of two 
hind paws were graded from 0 to 4: grade 0, paws with no 
swelling and focal redness; grade 1, paws with swelling 
of finger joints; grade 2, paws with mild swelling of ankle 
or wrist joints; grade 3, paws with severe inflammation 
of the entire paws; and grade 4, paws with deformity or 
ankylosis. Each paw was graded and the two scores were 
combined so that the maximum possible score per rat 
was 8. Clinical scores were based on the sum of two hind 
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paws. In addition, body weight and the diameter of ankle 
thickness were recorded. 

Immunohistochemical analysis

Rats were euthanized with CO2 at the end of 
treatments on day 24. The hind paws were removed, fixed 
with neutral buffered 10% formalin, then decalcified for 
10 days with 15% EDTA-2Na, embedded in paraffin 
and sectioned. The paraffin sections were stained for 
H&E, RANKL(Thermo, USA)and VEGF(Santa cruz, 
USA). Sections were evaluated blindly by authoritative 
pathologists. Briefly, inflammation was scored as follows: 
0, none; 1, a few inflammatory cells; 2, organization of 
perivascular infiltrates; and 3, increasing severity of 
perivascular cuffing with extension into the adjacent 
tissue. The immunohistochemical of VEGF was analyzed 
by ImagePro plus6.0 software.

Radiography

Rats were anesthetized with 10% chloral hydrate, 
and the X-ray radiography was performed on the 20th day 
since the first immunization. 

ELISA

Cytokines were measured by commercially 
available kits as follows:ratIL-23(Cusabio, China), 
ratIL-17A(Dakewe, China), ratIL- (Dakewe, China), 
ratIL-10(Dakewe, China), ratMMP-3(Cusabio, 
China), ratTNF-α(Dakewe, China), and rat anti-Col II 
antibody(Cusabio,China), humanIL-6(Dakewe, China), 
humanIL-8(Dakewe, China) and humanGM-CSF(Dakewe, 
China) were measured by individual ELISA kits according 
to the instructions of different manufacturers. 

Flow cytometry

The spleens were dissected from the rats, and 
pass through a sterilized 70 μm nylon cell stainer (BD 
bioscience, USA) to obtain single cell suspensions in 
IMDM (containing 10% FBS, Gbico, USA) medium. 
Red blood cells were lysed with RBC lysis buffer 
(eBioscience, USA). After stimulated with 2μL/mL 
Leukocyte Activation Cocktail, with GolgiPlug(BD, USA) 
for 4-6h,cells were collected and washed, then incubated 
with anti-rat CD16/CD32 (BD, USA) for 20 min to block 
non-specific Fc interactions. Then the cells were stained 
with PE-anti-rat CD4(eBioscience, USA) for 30 min 
at 4oC in dark. After washing twice with staining buffer 
(BD, USA),the cells were fixed and permeabilized using 
Cytofix/Cytoperm solution(BD,USA) for 20min at 4oC 
in dark,and the intracellular cytokine was stained using 

eFluor660-anti rat IL-17A (eBioscience, USA) for 30min 
at room temperature in dark. In addition, for Treg cells, 
FITC anti-rat CD4(eBioscience, USA), APC anti-rat CD25 
(eBioscience, USA)and PE anti-rat Foxp3 (eBioscience, 
USA) were used for staining. All protocols were per the 
manufacturer’s instructions.FACS analysis was performed 
on a Becton-Dickinson FACSCalibur(BD,USA) and the 
data were analyzed through Flowjo software (Tree Star 
Int,USA).

Western blotting

Proteins were extracted with RIPA lysis buffer 
(Beyotime, China) containing 1 mM PMSF (Beyotime, 
China) and 1 mM phosphatase inhibitor (Pierce, USA). 
The total proteins were quantified with BCA protein 
assay kit (Beyotime, China) and readjust to the same 
concentration before loading to 10% SDS-PAGE. Western 
blotting was performed by transferring the proteins onto 
polyvinylidene difluride membranes (Milipore, Germany) 
using a TransBlot system(Bio-Rad, USA). The membranes 
were washed in ddH2O and then blocked with 5% milk 
in Tris-buffered saline supplemented with 0.1% Tween 
20 (TBST) for 2h at room temperature. After that, 
the membranes were incubated overnight at 4oC with 
antibodies at a dilute of 1:1000 against phosphorylated 
STAT3(Cell Signaling, USA), STAT3(Cell Signaling, 
USA) and β-actin (Santa Cruz, USA) followed by the 
incubation with HRP-conjugated secondary antibodies for 
another 1h at room temperature. The signals were detected 
using West PicoChemiluminescent Substrate (Pierce,USA) 
according to manufaturer’s instructions.

Quantitative real-time PCR

The gene expression were detected through 
quantitative real-time PCR using pre-designed primers by 
the comparative method of relative quantitation (ΔΔCt). 
Total RNA was extracted using Trizol Regents (Invitrogen, 
USA) and the first-strand cDNA was synthesized 
using TransScript First-Strand cDNA Synthesis 
SuperMix(Transgen Biotech, China).The quantitative 
real-time PCR was performed on a ABI Step One Plus 
Instrument(Applied biosystem,USA) using SYBRgreen 
Master Mix(Applied biosystem, USA) under standard 
thermocycler condition.Ratβ-actin and humanβ-actin 
were used as the internal control for sample normalization. 
Sequences of PCR primer pairs were summarized in 
Supplementary Tables 1 and 2.

Cells and cell culture procedures

MH7A, an immortalized cell line from human 
primary synoviocyte-like fibroblasts derived from RA 
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patients, were obtained from Jiniou. Inc (Guangzhou, 
China) at early passage and cultured in DMEM (Gibco, 
USA) with 10% FBS (Gibco, USA). Cells between 
passages four and eight were normally used. In brief, 
2x104HFLS cells/well were pre-cultured in 24-well plate 
at 37oC, 5%CO2for two days before cytokines (R&D, 
USA) (and rhIL23R-CHR) were added. IL-6, IL-8, G-CSF 
in cell supernatants were measured by individual ELISA 
kits according to manufacturers’ instructions. MMP-3 in 
cell lysates was measured by Q-PCR.

Statistical analysis

Results are analyzed as the mean±SD. All data 
represent at least three repeats of independent experiments. 
The unpaired t test or one way ANOVA with Dunnett’s 
multiple comparison test was used to test statistical 
significance and a P values of < 0.05 was considered 
statistically significant.
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