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Abstract. – OBJECTIVE: This study aimed to 
investigate the diagnostic values of serum IL-10 
and IL-17 in rheumatoid arthritis (RA) and their 
correlation with serum protein.

PATIENTS AND METHODS: A retrospective 
analysis was performed on 116 RA patients ad-
mitted to the Yantaishan Hospital (the RA group) 
and 116 healthy subjects (the control group). En-
zyme-linked immunosorbent assay was used to 
detect the expression levels of serum interleu-
kin (IL)-10, IL-17 and 14-3-3η protein. Pearson 
analysis was performed to analyze the correla-
tion between the expression levels of serum IL-
10, IL-17 and 14-3-3η protein of patients in the 
RA group, and ROC curve analysis was conduct-
ed to measure the diagnostic values of IL-10, IL-
17 and their combination in RA.

RESULTS: Patients in the RA group had sig-
nificantly lower serum IL-10 level and markedly 
higher IL-17 and 14-3-3η protein levels than those 
in the control group (p<0.001). Serum IL-10 lev-
el was negatively correlated with 14-3-3η protein 
level in RA patients (r=-0.582, p<0.001). Serum 
IL-17 level was positively correlated with 14-3-3η 
protein level in RA patients (r=0.482, p<0.001). 
Serum IL-10 level was negatively correlated with 
IL-17 level in RA patients (r=-0.468, p<0.001). The 
AUC of IL-10 for diagnosing RA was 0.671, with a 
95% confidence interval of 0.602-0.741 and a cut-
off value of 87.315. The AUC of IL-17 for diagnos-
ing RA was 0.856, with a 95% confidence interval 
of 0.807-0.905 and a cut-off value of 87.844. The 
AUC of IL-10 combined with IL-17 for diagnosing 
RA was 0.887. 

CONCLUSIONS: RA patients had remarkably 
lower serum IL-10 level and significantly high-
er IL-17 and 14-3-3η protein levels than healthy 
people. IL-17 has better sensitivity and speci-
ficity than IL-10 for diagnosing RA. IL-10 com-
bined with IL-17 is beneficial to improve the 

diagnostic level of RA, which provides the ref-
erence for the diagnosis, treatment and patho-
genesis of RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic, di-
sabling autoimmune disease with inflammatory 
lesions in the synovial tissue of joint1. RA may be 
the result of the interaction between genetic and 
environmental factors, and among environmen-
tal factors, smoking has the strongest correlation 
with RA susceptibility2. At present, the specific 
pathogenesis of RA has not yet been clarified. 
However, previous studies3-5 have shown that both 
cytokines and inflammatory mediators are invol-
ved in the pathogenesis of RA.

Interleukin (IL)-17 is a novel inflammatory 
factor, and cytokines are important mediators 
between RA inflammation and joint injury6. In 
the pathogenesis of RA, IL-17 interacts with other 
cytokines to promote inflammatory responses7,8. 
Metawi et al9 have shown that IL-17 is highly 
expressed in the synovial fluid of RA patients. 
In addition, it can up-regulate the expressions of 
various angiogenesis factors to promote angioge-
nesis. However, inflammatory cells can be tran-
smitted to the synovium through neovasculariza-
tion, which may be one of the important causes of 
inflammation recurrence in RA patients10.
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According to reports11, IL-10, an anti-inflam-
matory cytokine in RA, plays a protective role in 
the pathogenesis of RA, inhibits the activity of 
natural killer cells and promotes the differentia-
tion of B cells, thereby producing antibody12.

As an acidic chaperone family widely expres-
sed in eukaryotic cells, 14-3-3η protein can bind to 
more than 200 ligandins and is involved in the oc-
currence and development of various diseases13,14. 
It has been reported15 that serum 14-3-3η protein, 
a co-derivative biomarker, up-regulates cytokines 
and enzymes and allows local and systemic in-
flammation to persist, leading to the joint injury. 
Maksymowych et al16 believe that serum 14-3-3η, 
a new RA mechanism marker with high specifici-
ty related to the severity of the disease, is an addi-
tion to the existing markers and is more accurate 
in the diagnosis of RA.

At present, there are a few studies on the cor-
relation between serum IL-10, IL-17, and 14-3-3η 
protein in RA. Therefore, this work aimed at inve-
stigating the diagnostic values of serum IL-10 and 
IL-17 in RA and their correlation with 14-3-3η 
protein to provide the reference for the diagnosis, 
treatment and pathogenesis of RA.

Patients and Methods

General Data
A retrospective analysis was performed on 

116 RA patients admitted to the Yantaishan Ho-
spital from October 2015 to October 2017 (the 
RA group); there were 42 males and 74 females 
aged (35-70) years. Another 116 healthy subjects 
in the same period were used as the control 
group, aged (28-70) years, including 54 males 
and 62 females. There was a significant diffe-
rence in the BMI of subjects between the two 
groups (p<0.05), but no significant difference in 
gender, age, the course of the disease, smoking, 
RA family history, work and living environ-
ment (p>0.05). All RA patients met the RA 
classification criteria by the American College 
of Rheumatology (ACR) in 201017. All subjects 
with incomplete clinical data, pregnancy, lacta-
tion, malignant tumors, autoimmune diseases, 
cardiovascular and cerebrovascular diseases, 
diabetes mellitus or coagulation disorder were 
excluded. The study has been approved by the 
Medical Ethics Committee. Patients were infor-
med, agreed to participate in the clinical study 
and they and their families signed an informed 
consent form. (Table I)

Detection Methods
A total of 3 mL of fasting venous blood was 

extracted from all subjects, agglutinated for 
about 20 min at room temperature. The blo-
od was centrifuged at 3000 rpm for 10 min, 
and the serum was collected. ELISA was con-
ducted to detect the levels of serum IL-10 (Cat 
No. BE53101, Tecan Trading Co., Shanghai, 
China), IL-17 (Cat No. BE45171, Tecan Trading 
Co., Shanghai, China) and 14-3-3η protein (Cat 
No. JK-SJ-32763, JK Bioengineering Co., Ltd., 
Shanghai, China) of subjects in the two groups. 
The experimental procedure was carried out in 
strict accordance with the instructions. 100 μL 
of standard sample and 100 μL of sample to be 
tested were added to ELISA plates, respectively. 
They were gently shaken, incubated at 37°C for 
2h, and dried. 100 μL of antibody working so-
lution was added and then dried. ELISA plates 
were washed 3 times, then washed 5 times with 
enzyme. 90 μL of stop solution was added to de-
velop in the dark, and another 50 μL was added 
to terminate the reaction. The optical density 
(OD) value was detected immediately at a wave-
length of 450 nm with an automatic microplate 
reader (Beijing Image Trading Co., Beijing, Chi-
na), and the concentrations of serum IL-10, IL-17 
and 14-3-3η protein were calculated according to 
the standard curve.

Statistical Analysis
SPSS 20.0 statistical software (SPSS IBM, Ar-

monk, NY, USA) was used for analysis. Chi-squa-
re test was conducted to analyze count data and 
t-test was performed to analyze measurement 
data. LSD test was the post-hoc test. Pearson 
analysis was carried out to analyze the correlation 
between IL-10, IL-17, and 14-3-3η protein, and 
ROC curve analysis was used to analyze the dia-
gnostic values of IL-10 and IL-17. When p<0.05, 
the difference was statistically significant.

Results

Expression Levels of Serum IL-10, IL-17 
and 14-3-3η Protein in Two Groups of 
Patients

Patients in the RA group had significantly 
lower serum IL-10 level and markedly higher IL-
17 and 14-3-3η protein levels than those in the 
control group, with statistically significant diffe-
rences (p<0.001). See Figure 1, Table II.
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Correlation Between Serum IL-10, IL-17 
and 14-3-3η Protein in RA Patients

Serum IL-10 level was negatively correlated 
with 14-3-3η protein level in RA patients (r=-
0.582, p<0.001). Serum IL-17 level was positively 
correlated with 14-3-3η protein level in RA pa-
tients (r=0.482, p<0.001). Serum IL-10 level was 
negatively correlated with IL-17 level in RA pa-
tients (r=-0.468, p<0.001). See Figure 2.

Diagnostic Values of IL-10 
and IL-17 in RA

The ROC curve of IL-10 for diagnosing RA 
was analyzed. The results showed that the AUC 
of IL-10 for diagnosing RA was 0.671, with a 95% 

confidence interval of 0.602-0.741 and a cut-off 
value of 87.315. There were 53 positive cases in 
the RA group with a sensitivity of 45.70%, and 
100 in the control group with a specificity of 
86.20%.

The ROC curve of IL-17 for diagnosing RA was 
analyzed. The results showed that the AUC of IL-
17 for diagnosing RA was 0.856, with a 95% con-
fidence interval of 0.807-0.905 and a cut-off value 
of 87.844. There were 81 positive cases in the RA 
group with a sensitivity of 69.90%, and 102 in the 
control group with a specificity of 87.90%.

The ROC curve of IL-10 combined with IL-
17 for diagnosing RA was analyzed. The results 
showed that the AUC of IL-10 combined with IL-

Figure 1. Expression levels of serum IL-10, IL-17 and 14-3-3η protein in two groups of patients. The results of ELISA showed 
that: A, Patients in the RA group had markedly lower serum IL-10 level than those in the control group, with a statistically 
significant difference (p<0.001). B, Patients in the RA group had remarkably higher IL-17 level than those in the control group, 
with a statistically significant difference (p<0.001). C, Patients in the RA group had higher 14-3-3η protein level than those in 
the control group, with a statistically significant difference (p<0.001). *p<0.001.
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Figure 2. Correlation between serum IL-10, IL-17 and 14-3-3η protein in RA patients. The results of the Pearson analysis 
showed that: A, Serum IL-10 level was negatively correlated with 14-3-3η protein level in RA patients (r=-0.582, p<0.001). B, 
Serum IL-17 level was positively correlated with 14-3-3η protein level in RA patients (r=0.482, p<0.001). C, Serum IL-10 level 
was negatively correlated with IL-17 level in RA patients (r=-0.468, p<0.001).

Table I. General data [n(%)].

		  RA group	 Control group	
Factors		  (No. =116)	 (No. =116)	 t/χ2	 p

Gender				    2.559	 0.142
	 Male	 42 (36.21)	 54 (46.55)		
	 Female	 74 (63.79)	 62 (53.45)		
Average age (Years)		  50.25±10.83	 48.68±12.52	 1.021	 0.308
BMI (kg/m2)		  22.76±3.17	 21.64±4.15	 2.310	 0.022
Course of disease  (Years)				    1.399	 0.293
	 ≥ Half year	 65 (56.03)	 56 (48.28)		
	 < Half year	 51 (43.97)	 60 (51.72)		
Smoking				    1.490	 0.278
	 Yes	 39 (33.62)	 48 (41.38)		
	 No	 77 (66.38)	 68 (58.62)		
RA family history				    2.544	 0.144
	 Yes	 61 (52.59)	 73 (62.93)		
	 No	 55 (47.41)	 43 (37.07)		
Work/living environment				    1.536	 0.271
	 Wet	 80 (68.97)	 71 (61.21)		
	 Dry	 36 (31.03)	 45 (38.79)	
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17 for diagnosing RA was 0.887, with a 95% con-
fidence interval of 0.844-0.929 and a cut-off value 
of 0.482. There were 98 positive cases in the RA 
group with a sensitivity of 84.50%, and 92 in the 
control group with a specificity of 79.30%. See 
Figure 3, Tables III, IV.

Discussion

Due to the diverse clinical manifestations of 
RA, the lack of typical symptoms and negative 
serology in the early stage, patients are often mis-
sed and misdiagnosed18. Therefore, it is important 
to improve the serum diagnostic level of RA. 14-
3-3η protein is reported to be highly expressed in 
the serum and synovial fluid of RA patients, which 
promotes RA-related inflammatory responses19,20. 

Studies21-23 on experimental animal models have 
shown that IL-17 has an adverse effect on arthri-
tis. Therefore, Kirkham et al24 believe that it may 
play a key role in the pathogenesis of different for-
ms of arthritis by inducing synovial inflammation 
and promoting bone destruction. IL-10 has been 
shown to inhibit joint swelling and deformation 
in RA animal models25. Carter et al26 have shown 
that B cells which produce IL-10 inhibit arthritis 
by promoting immune regulation relative to the 
differentiation of pro-inflammatory T cells. This 
study aimed at improving the diagnostic level of 
RA and explore the correlation between IL-10, 
IL-17, and 14-3-3η protein levels.

ELISA was performed to detect the levels of 
IL-10, IL-17, and 14-3-3η protein in the serum of 
RA patients and healthy people. According to the 
results, patients in the RA group had markedly 
lower serum IL-10 level, significantly higher IL-
17 and 14-3-3η protein levels than those in the 
control group, with statistically significant dif-
ferences (p<0.001). Our result is consistent with 
that of Zhang et al27, that is, the expression level 
of IL-17 is remarkably higher in RA patients than 
that in healthy people. IL-17 increases the migra-
tion of synoviocytes and the expression and inva-
siveness of chemokines, as well as promotes the 
secretion of metalloproteinases, thereby causing 
cartilage injury and functioning as an angiogene-
sis mediator in RA28. IL-10 produced by B10 cells 
improves the occurrence of arthritis by inhibiting 
the production of Th17 cells29. Charbonnier et 
al30 have shown that it can prevent the incidence 
and development of arthritis while inhibiting the 
secretion of IL-17. It is indicated that destroyed 
cytokine balance may cause various autoimmu-
ne diseases. The study by Maksymowych et al31 
has shown that RA patients have markedly higher 
serum 14-3-3η protein level than those in the con-
trol group, consistent with this study. Extracellu-
lar 14-3-3η activates key signaling pathways and 
induces factors associated with the pathogenesis 
of RA, which is highly expressed in patients with 
X-ray lesion and RA progression31.

Figure 3. Diagnostic values of IL-10 and IL-17 in RA. The 
results of the ROC curve showed that the AUC of IL-10 for 
diagnosing RA was 0.671, with a 95% confidence interval of 
0.602-0.741 and a cut-off value of 87.315. There were 53 po-
sitive cases in the RA group with the sensitivity of 45.70%, 
and 100 in the control group with the specificity of 86.20%. 
The AUC of IL-17 for diagnosing RA was 0.856, with a 95% 
confidence interval of 0.807-0.905 and a cut-off value of 
87.844. There were 81 positive cases in the RA group with 
the sensitivity of 69.90%, and 102 in the control group with 
the specificity of 87.90%. The AUC of IL-10 combined with 
IL-17 for diagnosing RA was 0.887, with a 95% confidence 
interval of 0.844-0.929 and a cut-off value of 0.482. There 
were 98 positive cases in the RA group with the sensitivity 
of 84.50%, and 92 in the control group with the specificity 
of 79.30%.

Table II. Expression levels of serum IL-10, IL-17 and 14-3-3η protein in two groups of patients.

Group	 No. of cases	 IL-10 (pg/ml)	 IL-17 (pg/ml)	 14-3-3η protein (ng/ml)

RA group	 116	 66.85±17.37	 97.43±28.17	 3.46±2.29
Control group	 116	 82.13±21.33	 65.85±16.64	 0.29±0.07
t		  5.983	 10.400	 14.900
p		  0.000	 0.000	 0.000
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The results of the Pearson correlation analy-
sis showed that serum IL-10 level was negatively 
correlated with 14-3-3η protein level in RA pa-
tients (r=-0.582, p<0.001). Serum IL-17 level was 
positively correlated with 14-3-3η protein level 
in RA patients (r=0.482, p<0.001). Serum IL-10 
level was negatively correlated with IL-17 level 
in RA patients (r=-0.468, p<0.001). The results 
of the ROC curve showed that the AUC of IL-10 
for diagnosing RA was 0.671, with a sensitivity of 
45.70% and a specificity of 86.20%. The AUC of 
IL-17 for diagnosing RA was 0.856, with a sensi-
tivity of 69.90% and a specificity of 87.90%. The 
AUC of IL-10 combined with IL-17 for diagno-
sing RA was 0.887, with a sensitivity of 84.50% 
and a specificity of 79.30%. At present, there are a 
few studies on the correlation between IL-10, IL-
17, and 14-3-3η protein levels and the diagnosis of 
RA with IL-10 and IL-17. No literature has been 
found to support our results. However, studies 
have shown that increasing the secretion of RA 
vascular endothelial growth factor, IL-17 promo-
tes the secretion of keratinocyte and hepatocyte 
growth factors in RA and increase the secretion 
of heparin-binding endothelial growth factor in 
RA, thereby destroying the joint. It is an in vitro 
stimulating factor released by angiogenesis fac-
tors, suggesting that the mechanism of action may 
be related to the synergistic effect of tumor necro-
sis factor-α32. Bush et al33 has shown that IL-17 
plays an important role in arthritis inflammation 
and joint destruction, which may be a potential 
therapeutic target for RA. The study by Heo et al6 

has shown that IL-10 promotes the production of 
Foxp3 + regulatory T cells through IL-10 receptor 
signaling, significantly inhibiting the expression 
of IL-17. It is suggested that IL-10 can be used to 
treat autoimmune diseases.

Conclusions

We found that RA patients have significantly 
lower serum IL-10 level and markedly higher IL-
17 and 14-3-3η protein levels than healthy people. 
Serum IL-10 level was negatively correlated with 
14-3-3η protein level in RA patients. Serum IL-
17 level was positively correlated with 14-3-3η 
protein level in RA patients. Serum IL-10 level 
was negatively correlated with IL-17 level in RA 
patients. IL-10 lacks sensitivity in the diagnosis 
of RA, while IL-17 has better sensitivity and spe-
cificity than IL-10. IL-10 combined with IL-17 is 
beneficial to improve the diagnostic level of RA 
which provides reference for the diagnosis, treat-
ment and pathogenesis of RA.

Conflict of Interest
The Authors declare that they have no conflict of interest.

References

  1)	 Koopman FA, Chavan SS, Miljko S, Grazio S, Sokolo-
vic S, Schuurman PR, Mehta AD, Levine YA, Faltys M, 
Zitnik R, Tracey KJ, Tak PP. Vagus nerve stimulation 
inhibits cytokine production and attenuates disea-
se severity in rheumatoid arthritis. Proc Natl Acad 
Sci U S A 2016; 113: 8284-8289.

  2)	 Tobon GJ, Youinou P, Saraux A. The environment, 
geo-epidemiology, and autoimmune disease: 
rheumatoid arthritis. Autoimmun Rev 2010; 9: 
A288-292.

  3)	 McInnes IB, Schett G. Cytokines in the pathogene-
sis of rheumatoid arthritis. Nat Rev Immunol 2007; 
7: 429-442.

  4)	 Hashizume M, Mihara M. The roles of interleukin-6 
in the pathogenesis of rheumatoid arthritis. Arthri-
tis 2011; 2011: 765624.

Table III. Diagnostic values of IL-10 and IL-17 in RA.

Indicator	 AUC	 95% Confidence interval	 Cut-off value

IL-10	 0.671	 0.602-0.741	 87.315
IL-17	 0.856	 0.807-0.905	 87.844
IL-10+IL-17	 0.887	 0.844-0.929	 0.482

Table IV. Sensitivity and specificity of IL-10 and IL-17 for diagnosing RA.

Indicator	 No.	 No. of positive cases	 Sensitivity	 Specificity

IL-10	 116	 53	 45.70	 86.20
IL-17	 116	 81	 69.90	 87.90
IL-10+IL-17	 116	 98	 84.50	 79.30



Values of serum IL-10 and IL-17 in rheumatoid arthritis

1905

  5)	 Paradowska-Gorycka A, Grzybowska-Kowalczyk A, 
Wojtecka-Lukasik E, Maslinski S. IL-23 in the patho-
genesis of rheumatoid arthritis. Scand J Immunol 
2010; 71: 134-145.

  6)	 Heo YJ, Joo YB, Oh HJ, Park MK, Heo YM, Cho ML, 
Kwok SK, Ju JH, Park KS, Cho SG, Park SH, Kim HY, 
Min JK. IL-10 suppresses Th17 cells and promotes 
regulatory T cells in the CD4+ T cell population of 
rheumatoid arthritis patients. Immunol Lett 2010; 
127: 150-156.

  7)	 Moon YM, Yoon BY, Her YM, Oh HJ, Lee JS, Kim KW, 
Lee SY, Woo YJ, Park KS, Park SH, Kim HY, Cho ML. 
IL-32 and IL-17 interact and have the potential to 
aggravate osteoclastogenesis in rheumatoid ar-
thritis. Arthritis Res Ther 2012; 14: R246.

  8)	 Niimoto T, Nakasa T, Ishikawa M, Okuhara A, Izumi 
B, Deie M, Suzuki O, Adachi N, Ochi M. MicroR-
NA-146a expresses in interleukin-17 producing T 
cells in rheumatoid arthritis patients. BMC Muscu-
loskelet Disord 2010; 11: 209.

  9)	 Metawi SA, Abbas D, Kamal MM, Ibrahim MK. Serum 
and synovial fluid levels of interleukin-17 in cor-
relation with disease activity in patients with RA. 
Clin Rheumatol 2011; 30: 1201-1207.

10)	 Pickens SR, Volin MV, Mandelin AM, 2nd, Kolls JK, 
Pope RM, Shahrara S. IL-17 contributes to angio-
genesis in rheumatoid arthritis. J Immunol 2010; 
184: 3233-3241.

11)	 Alanara T, Karstila K, Moilanen T, Silvennoinen O, 
Isomaki P. Expression of IL-10 family cytokines in 
rheumatoid arthritis: elevated levels of IL-19 in the 
joints. Scand J Rheumatol 2010; 39: 118-126.

12)	 Asadullah K, Sterry W, Volk HD. Interleukin-10 the-
rapy--review of a new approach. Pharmacol Rev 
2003; 55: 241-269.

13)	 Morrison DK. The 14-3-3 proteins: integrators of 
diverse signaling cues that impact cell fate and 
cancer development. Trends Cell Biol 2009; 19: 
16-23.

14)	 Aghazadeh Y, Papadopoulos V. The role of the 14-3-
3 protein family in health, disease, and drug deve-
lopment. Drug Discov Today 2016; 21: 278-287.

15)	 Carrier N, Marotta A, de Brum-Fernandes AJ, Liang 
P, Masetto A, Menard HA, Maksymowych WP, Boi-
re G. Serum levels of 14-3-3eta protein supple-
ment C-reactive protein and rheumatoid arthri-
tis-associated antibodies to predict clinical and 
radiographic outcomes in a prospective cohort of 
patients with recent-onset inflammatory polyar-
thritis. Arthritis Res Ther 2016; 18: 37.

16)	 Maksymowych WP, Naides SJ, Bykerk V, Siminovitch 
KA, van Schaardenburg D, Boers M, Landewe R, van 
der Heijde D, Tak PP, Genovese MC, Weinblatt ME, 
Keystone EC, Zhukov OS, Abolhosn RW, Popov JM, 
Britsemmer K, van Kuijk AW, Marotta A. Serum 14-3-
3eta is a novel marker that complements current 
serological measurements to enhance detection 
of patients with rheumatoid arthritis. J Rheumatol 
2014; 41: 2104-2113.

17)	 Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, 
Bingham CO, Birnbaum NS, Burmester GR, Bykerk VP, 

Cohen MD, Combe B, Costenbader KH, Dougados M, 
Emery P, Ferraccioli G, Hazes JM, Hobbs K, Huizinga 
TW, Kavanaugh A, Kay J, Kvien TK, Laing T, Mease 
P, Ménard HA, Moreland LW, Naden RL, Pincus T, 
Smolen JS, Stanislawska-Biernat E, Symmons D, Tak 
PP, Upchurch KS, Vencovský J, Wolfe F, Hawker G. 
2010 Rheumatoid arthritis classification criteria: 
an American College of Rheumatology/European 
League Against Rheumatism collaborative initiati-
ve. Arthritis Rheum 2010; 62: 2569-2581.

18)	 Zhou LF, Zeng W, Sun LC, Wang Y, Jiang F, Li X, 
Zheng Y, Wu GM. IKKepsilon aggravates inflam-
matory response via phosphorylation of ERK in 
rheumatoid arthritis. Eur Rev Med Pharmacol Sci 
2018; 22: 2126-2133.

19)	 Kilani RT, Maksymowych WP, Aitken A, Boire G, 
St-Pierre Y, Li Y, Ghahary A. Detection of high levels 
of 2 specific isoforms of 14-3-3 proteins in syno-
vial fluid from patients with joint inflammation. J 
Rheumatol 2007; 34: 1650-1657.

20)	 Maksymowych WP, van der Heijde D, Allaart CF, 
Landewe R, Boire G, Tak PP, Gui Y, Ghahary A, Ki-
lani R, Marotta A. 14-3-3eta is a novel mediator 
associated with the pathogenesis of rheumatoid 
arthritis and joint damage. Arthritis Res Ther 
2014; 16: R99.

21)	 Koenders MI, Kolls JK, Oppers-Walgreen B, van den 
Bersselaar L, Joosten LA, Schurr JR, Schwarzenber-
ger P, van den Berg WB, Lubberts E. Interleukin-17 
receptor deficiency results in impaired synovial 
expression of interleukin-1 and matrix metallopro-
teinases 3, 9, and 13 and prevents cartilage de-
struction during chronic reactivated streptococcal 
cell wall-induced arthritis. Arthritis Rheum 2005; 
52: 3239-3247.

22)	 Lubberts E, Koenders MI, Oppers-Walgreen B, van den 
Bersselaar L, Coenen-de Roo CJ, Joosten LA, van den 
Berg WB. Treatment with a neutralizing anti-muri-
ne interleukin-17 antibody after the onset of colla-
gen-induced arthritis reduces joint inflammation, 
cartilage destruction, and bone erosion. Arthritis 
Rheum 2004; 50: 650-659.

23)	 Plater-Zyberk C, Joosten LA, Helsen MM, Koenders 
MI, Baeuerle PA, van den Berg WB. Combined 
blockade of granulocyte-macrophage colony sti-
mulating factor and interleukin 17 pathways po-
tently suppresses chronic destructive arthritis in a 
tumour necrosis factor alpha-independent mouse 
model. Ann Rheum Dis 2009; 68: 721-728.

24)	 Kirkham BW, Lassere MN, Edmonds JP, Juhasz KM, 
Bird PA, Lee CS, Shnier R, Portek IJ. Synovial mem-
brane cytokine expression is predictive of joint 
damage progression in rheumatoid arthritis: a 
two-year prospective study (the DAMAGE study 
cohort). Arthritis Rheum 2006; 54: 1122-1131.

25)	 Ying B, Shi Y, Pan X, Song X, Huang Z, Niu Q, Cai 
B, Wang L. Association of polymorphisms in the 
human IL-10 and IL-18 genes with rheumatoid ar-
thritis. Mol Biol Rep 2011; 38: 379-385.

26)	 Carter NA, Vasconcellos R, Rosser EC, Tulone C, Mu-
noz-Suano A, Kamanaka M, Ehrenstein MR, Flavell 
RA, Mauri C. Mice lacking endogenous IL-10-pro-



C.-H. Qu, Y. Hou, Y.-F. Bi, Q.-R. Han, C.-H. Jiao, Q.-F. Zou

1906

ducing regulatory B cells develop exacerbated 
disease and present with an increased frequency 
of Th1/Th17 but a decrease in regulatory T cells. J 
Immunol 2011; 186: 5569-5579.

27)	 Zhang L, Li JM, Liu XG, Ma DX, Hu NW, Li YG, Li 
W, Hu Y, Yu S, Qu X, Yang MX, Feng AL, Wang GH. 
Elevated Th22 cells correlated with Th17 cells in 
patients with rheumatoid arthritis. J Clin Immunol 
2011; 31: 606-614.

28)	 Ziolkowska M, Koc A, Luszczykiewicz G, Ksiezopol-
ska-Pietrzak K, Klimczak E, Chwalinska-Sadowska H, 
Maslinski W. High levels of IL-17 in rheumatoid 
arthritis patients: IL-15 triggers in vitro IL-17 pro-
duction via cyclosporin A-sensitive mechanism. J 
Immunol 2000; 164: 2832-2838.

29)	 Yang M, Deng J, Liu Y, Ko KH, Wang X, Jiao Z, Wang 
S, Hua Z, Sun L, Srivastava G, Lau CS, Cao X, Lu L. 
IL-10-producing regulatory B10 cells ameliorate 
collagen-induced arthritis via suppressing Th17 
cell generation. Am J Pathol 2012; 180: 2375-2385.

30) 	 Charbonnier LM, Han WG, Quentin J, Huizinga TW, 
Zwerina J, Toes RE, Jorgensen C, Louis-Plence P. 
Adoptive transfer of IL-10-secreting CD4+CD49b+ 
regulatory T cells suppresses ongoing arthritis. J 
Autoimmun 2010; 34: 390-399.

31)	 Maksymowych WP, Boire G, van Schaardenburg D, 
Wichuk S, Turk S, Boers M, Siminovitch KA, Bykerk 
V, Keystone E, Tak PP, van Kuijk AW, Landewe R, van 
der Heijde D, Murphy M, Marotta A. 14-3-3eta au-
toantibodies: diagnostic use in early rheumatoid 
arthritis. J Rheumatol 2015; 42: 1587-1594.

32)	 Honorati MC, Neri S, Cattini L, Facchini A. Interleu-
kin-17, a regulator of angiogenic factor release 
by synovial fibroblasts. Osteoarthritis Cartilage 
2006; 14: 345-352.

33)	 Bush KA, Farmer KM, Walker JS, Kirkham BW. Re-
duction of joint inflammation and bone erosion in 
rat adjuvant arthritis by treatment with interleu-
kin-17 receptor IgG1 Fc fusion protein. Arthritis 
Rheum 2002; 46: 802-805.


