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ABSTRACT

Objectives: This study aims to determine the changes in serum levels of type-III interferons (type-III IFNs) in ankylosing spondylitis (AS) patients 
treated with tumor necrosis factor-alpha inhibitors (TNFi) and analyze the correlations between serum type-III IFN levels and disease activity.
Patients and methods: The study included 57 AS patients (51 males, 6 females;  mean age 29.7±7.0 years; range, 18 to 50 years), who had been 
diagnosed with AS and had active disease before the start of the study (median disease duration: four years, range 1.3 to 8.0 years). Control group 
included 50 healthy, age- and sex-matched individuals (45 males, 5 females; mean age 25.5±6.7 years; range, 18 to 55 years). The enzyme-linked 
immunosorbent assay was used to assess the serum interleukin (IL)-29, IL-28A, and IL-28B levels of AS patients at baseline and first, third, sixth months 
after treatment with TNFi. Clinical and laboratory features of the disease were also evaluated for AS patients at baseline and first, third, sixth months 
after treatment.
Results: Serum IL-28A levels were significantly higher in AS patients (354.8±164.0 pg/mL) than in controls (257.2±99.6, p=0.003) at baseline. Serum 
IL-28B levels were significantly lower in AS patients (median, 491.4 pg/mL, range 296.6 to 944.6 pg/mL) than in controls (1121.1±409.3 pg/mL, 
p=0.000) at baseline. Serum IL-29 levels at third month after treatment (median 430.9, range 277.4 to 1023.9 pg/mL) were significantly increased 
compared with baseline (median 399.1, range 261.2 to 826.7 pg/mL), p=0.002) and controls (335.2±100.5 pg/mL, p=0.041). There was no association 
between serum type-III IFN levels and disease activity indexes at baseline. Serum levels of IL-28A were negatively correlated with erythrocyte 
sedimentation rate levels at first and sixth months after treatment (r=-0.266, p=0.046; r=-0.286, p=0.034, respectively). Serum levels of IL-28A were 
negatively correlated with Bath Ankylosing Spondylitis Disease Activity Index at third month after treatment (r=-0.269, p=0.043). Serum levels of 
IL-29 were negatively correlated with Bath Ankylosing Spondylitis Disease Activity Index at third month after treatment (r=-0.299, p=0.024). There 
was a significant increasing trend for serum IL-28B after TNFi treatment in AS patients, opposite to the decreasing trend for disease activity.
Conclusion: These findings indicate that type-III IFNs may be involved in the pathogenesis of AS. Thus, type-III IFNs may provide new targets for 
the treatment of AS.
Keywords: Ankylosing spondylitis; autoimmune disease; interferons; treatment. 

Ankylosing spondylitis (AS) is a kind of 
progressive arthritis caused by long-term chronic 
inflammatory stimuli in the joints of the spine. 
Tumor necrosis factor-alpha (TNF-a) is widely 
accepted as the most important inflammatory 
cytokine in AS development. Convincing data from 
clinical trials have demonstrated dramatic benefits 
of tumor necrosis factor inhibitor (TNFi) in AS 
patients, which include reducing disease severity.1,2

Type-III interferons (type-III IFNs) are newly 
described members of the IFN family and consist 
of three IFN-ls molecules called interleukin 
(IL)-29 (IFN-l1), IL-28A (IFN-l2), and IL-28B 
(IFN-l3). A variant upstream of the IFN-l3 gene 
was recently described and named IFN-l4 gene.3 
These IFN-ls signals induce activation of the 
Janus kinase-signal transducer and activator of 
transcript, mitogen-activated protein kinase or 
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Akt signaling pathway through IL-28 rheumatoid 
arthritis (RA) and IL-10R2 receptor complexes, 
and exert antiviral, anti-proliferative and 
immunomodulatory effects.4-6 Recently, type-III 
IFNs have gained much interest in rheumatology 
with publications focusing on systemic lupus 
erythematosus (SLE), systemic sclerosis (SSc) 
and RA.7-9 Many animal models of autoimmunity 
and clinical researches showed that IL-28A and 
IL-28B exert the protective effect by inhibiting 
inflammatory cytokines production including 
IL-1b, IL-17, TNF-a and neutrophil migration.10,11 
IL-29 can upregulate the levels of IL-6, IL-8 
and IL-10 secreted by monocytes12 and also 
enhance the IL-2-dependent proliferation of 
CD4+CD25+Foxp3+ T cells induced by dendritic 
cells,13 which indicate that IL-29 may play a 
crucial role in modulating immune response. 
Previous studies have shown that serum IL-29 
levels are not different between AS patients and 
healthy controls (HCs),7 while, to our knowledge, 
levels of IL-28 isoforms expression and the 
relationship between serum type-III IFNs and 
disease activity in AS patients have never been 
reported.

Therefore, in this study, we aimed to determine 
the changes in serum levels of type-III IFNs in AS 
patients treated with TNF-a inhibitors and analyze 
the correlations between serum type-III IFN levels 
and disease activity.

PATIENTS AND METHODS

In this retrospective study, a total of 57 patients 
(51 males, 6 females; mean age 29.7±7.0 years; 
range, 18 to 50 years) were recruited, who were 
diagnosed with AS and hospitalized between 
September 2015 and September 2017 at the 
Department of Rheumatology and Immunology 
of China-Japan Union Hospital of Jilin University 
in China. All patients met the 1984 modified 
New York criteria for AS.14 Also, 50 age- and 
sex-matched HCs (45 males, 5 females; mean 
age 25.5±6.7 years; range, 18 to 55 years) were 
included. Individuals in the control group were 
recruited from the physical examination center 
and had no history of rheumatism, infectious 
disease or other systemic disease. AS patients 
with a Bath Ankylosing Spondylitis Disease 
Activity Index (BASDAI) ≥415 or Ankylosing 

Spondylitis Disease Activity Score (ASDAS) 
using C-reactive protein (CRP) [ASDAS-CRP] 
≥2.116 were defined as active and were assessed 
at baseline and first, third, sixth months after 
treatment. These patients received TNFi treatment 
(TNF-a fusion protein, etanercept) for 25 mg 
twice weekly together with one of non-steroidal 
anti-inflammatory drugs including celecoxib, 
diclofenac, and etoricoxib. Major exclusion criteria 
were infections, diabetes, heart failure, renal 
failure, hepatitis, hepatic failure or malignant 
diseases and other active inflammatory diseases 
(e. g., RA, Crohn's disease, SLE, SSc). Patients 
who were receiving drugs with direct influence 
on immune system (e.g., disease-modifying anti-
rheumatic drugs [DMARDs], glucocorticoids) 
were excluded. The parameters, including 
age, sex, disease duration, CRP, erythrocyte 
sedimentation rate (ESR), BASDAI score, Bath 
Ankylosing Spondylitis Functional Index (BASFI) 
score,17 Bath Ankylosing Spondylitis Metrology 
Index (BASMI),18 and ASDAS-CRP were assessed 
through questionnaires and reviews of medical 
records. BASMI, BASFI and BASDAI were used 
to assess spinal mobility, functional status and 
disease activity, respectively. All scores ranging 
from 0 to 10 were averaged, with higher scores 
indicating greater severity. CRP levels (mg/L) 
were measured using immunoturbidimetry 
method (CRP Turbilatex, Reliable Medical Supply 
& Co, MN, USA). CRP was measured in fresh 
samples in order to determine ASDAS-CRP 
score. The Westergren method was utilized to 
detect ESR levels (mm/hour). The study protocol 
was approved by the China-Japan Union 
Hospital of Jilin University Ethics Committee. 
A written informed consent was obtained from 
each participant. The study was conducted in 
accordance with the principles of the Declaration 
of Helsinki.

Disease activity was measured with the AS 
disease activity score, including ASDAS-CRP 
and BASDAI. The Assessments in Ankylosing 
Spondylitis (ASAS) 20 response criteria19 were 
used to define treatment response. Patients who 
fulfilled ASAS20 response criteria after TNFi 
therapy in the first three months were classified 
as the response positive group. Patients who did 
not fulfill ASAS20 response criteria after TNFi 
therapy in the first three months were classified 
as the no response group.
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Fasting blood was collected in tube containing 
clot activator (BD Vacutainer, 367983, Becton, 
Dickinson and Co., Franklin Lakes, NJ, USA) 
and tube with Na-citrate 3.2% (BD Seditainer, 
366676, Becton, Dickinson and Co., Franklin 
Lakes, NJ, USA) at baseline and first, third, 
sixth months after treatment. All samples were 
collected prior to the next TNFi injection. Tubes 
were centrifuged at 3,600 revolutions per minute 
for eight minutes at 4˚C. After centrifugation, 
serum was aliquoted and stored at -80°C until 
determination of IL-29, IL-28A, and IL-28B. 

The serum levels of IL-29, IL-28A, and 
IL-28B were measured by human enzyme-linked 
immunosorbent assay (ELISA) kit according to 
the manufacturer's instructions: IL-29 (BMS2049, 
eBioscience, San Diego, USA), IL-28A (GWB-
SKR146, GenWay Biotech, San Diego, USA), 
and IL-28B (GWB-SKR147, GenWay Biotech, 
San Diego, USA). Point optical densities at 
450 nm were determined using a VERSAmax 
spectrophotometer (Molecular Devices, 
Sunnyvale, CA, USA) to draw the standard curves 
and the concentrations of the indicated cytokines 
were calculated according to the corresponding 

standard curves using SoftMax software (Molecular 
Devices, Sunnyvale, California, USA).

Statistical analysis 

The normal distribution data were expressed 
as the mean ± standard deviation, and the non-
normal distribution data were expressed as the 
median (interquartile range). After checking 
normal distribution with the Kolmogorov-Smirnov 
test, independent t-test and Mann-Whitney U test 
were used to compare the parameters between 
the AS patients and HCs. Paired t-tests and 
Wilcoxon signed rank tests were used to compare 
the parameters between measuring points 
of zero-, one-, three-, and six-month values 
where appropriate. The relationship between 
variables was evaluated using the Spearman rank 
correlation test for non-normal distributions and 
Pearson’s correlation test for normal distributions. 
Statistical analyses were performed with IBM 
SPSS version 23.0 (IBM Corp., Armonk, 
NY, USA). The GraphPad Prism 7.0 software 
(GraphPad Software, La, Jolla, CA, USA) was 
used for figure production. Two-tailed p values 
less than 0.05 were considered to be statistically 
significant.

Table 1. Baseline characteristics of ankylosing spondylitis patients and healthy controls

Parameter AS patients (n=57) Healthy controls (n=50)

n Mean±SD Median
Interquartile 

ranges
n Mean±SD Median

Interquartile 
ranges

Age (year) 29.7±7.0 28.0 24.0-34.0 25.5±6.7 - -

Sex
Female
Male

6
51

5
45

Disease duration (year) 4 1.3-8.0 - -

BASDAI 5.4 4.9-6.6 - -

BASFI 4.5±2.4 -

BASMI 3.0 1.0-4.0 - -

ASDAS-CRP 3.8±0.8 -

CRP (mg/L) 15.9 8.7-52.2 - -

ESR (mm/hour) 18.0 10.5-47.0 - -

IL-29 (pg/mL) 399.1 261.2-826.7 335.2±100.5 - -

IL-28A (pg/mL) 354.8±164.0* 257.2±99.6

IL-28B (pg/mL) 491.4 296.6-944.6* 1121.1±409.3 - -

AS: Ankylosing spondylitis; SD: Standard deviation; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; BASFI: Bath Ankylosing Spondylitis Functional 
Index; BASMI: Bath Ankylosing Spondylitis Metrology Index; ASDAS-CRP: Ankylosing Spondylitis Disease Activity Score based on C-reactive protein; 
CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; IL: Interleukin; Significance levels are shown as * p<0.01 when comparing ankylosing spondylitis 
patients and healthy controls.
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RESULTS

The baseline characteristics of the AS patients 
and HCs were shown in Table 1. Our results 
revealed that the serum IL-28A levels were 
significantly higher in AS patients than those in 
HCs (p=0.003), while the serum IL-28B levels 
were significantly lower in AS patients than those 
in HCs (p=0.000). There was no significant 

difference in serum IL-29 levels between AS 
patients and HCs.

As shown in Figure 1, serum IL-28A levels 
in AS patients at baseline and first, third, sixth 
months after TNFi treatment were significantly 
higher than those in HCs (p<0.01). Serum 
IL-28B levels in AS patients at baseline and first, 
third, sixth months after TNFi treatment were 
significantly lower than those in HCs (p<0.01). 
Serum IL-29 levels in AS patients only at third 
months after TNFi treatment were significantly 
higher than those in HCs (p<0.05).

The changes in serum levels of IL-29, IL-28A, 
and IL-28B in AS patients according to further 
comparison of the parameters obtained after 
first, third, sixth months of TNFi treatment 
were shown in Table 2 and Figure 2. Serum 
levels of IL-28A at first, third, sixth months were 
significantly different from baseline (p<0.01). 
According to Figure 2, IL-28A might have a rising 
tendency after first month treatment, but have 
a declining tendency from the third month after 
treatment to close to the normal expression levels. 
Serum IL-28B levels were significantly higher at 
first, third, sixth months after TNFi treatment 
compared with baseline (p<0.01). There was a 
tendency for serum IL-28B levels to continue 
to rise and approach normal values. Serum 
IL-29 levels were significantly higher at first, 
third, months after TNFi treatment compared 
with baseline (p<0.01). There was no statistical 
difference in IL-29, IL-28A or IL-28B between 
measuring points of first, third, sixth months 
(p>0.05).

We investigated the disease activity indexes 
at different time points (Table 2) and found a 
significant decrease in disease activity indexes 
at first, third, sixth months after TNFi treatment 
compared with baseline, including ESR, 
CRP, BASDAI, and ASDAS-CRP (p<0.01). 
We demonstrated that serum levels of IL-29, 
IL-28A, IL-28B, ESR, and CRP were in a 
steady-state level first month after treatment 
till the sixth month (p<0.05); ASDAS-CRP 
score continued to decline till third months 
after treatment, and then remained in a steady-
state; BASDAI continued to decline during the 
treatment period.

We compared the correlation of IL-29, IL-28A, 
and IL-28B with disease activity indexes ESR, 

Figure 1. Follow-up data of serum interleukin-29, 
interleukin-28A and interleukin-28B levels in ankylosing 
spondylitis patients before and after treatment with tumor 
necrosis factor inhibitor were compared with healthy 
controls; Data are presented as box-and-whisker plots where central 
box represents values from lower to upper quartile (27 to 75 percentile). 
Middle line represents median. A line extends from minimum to maximum 
value. Significance levels were shown as # p<0.05 and ## p<0.01 
when comparing ankylosing spondylitis patients and healthy controls; 
** p<0.01 when comparing ankylosing spondylitis patients before and after 
treatment; HC: Healthy controls; IL: Interleukin.
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CRP, BASDAI, and ASDAS-CRP before and after 
treatment (Table 3). There was no correlation 
between serum IL-29, IL-28A, IL-28B levels 
and the disease activity measured at baseline 
of AS patients (p>0.05). We demonstrated that 
serum levels of IL-28A were negatively correlated 
with ESR levels at the first and sixth months Ta
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Figure 2. Changes in serum levels of interleukin-29, 
interleukin-28A, interleukin-28B and disease activity 
parameters in ankylosing spondylitis patients after tumor 
necrosis factor inhibitor treatment. Data are presented as median 
(interquartile range). Right-side vertical axis shows Bath Ankylosing 
Spondylitis Disease Activity Index and Ankylosing Spondylitis Disease 
Activity Score using C-reactive protein. Significance levels of interleukin-29, 
interleukin-28A, and interleukin-28B are shown as ** p<0.01 compared 
with baseline; IL: Interleukin; BASDAI: Bath Ankylosing Spondylitis 
Disease Activity Index; ASDAS-CRP: Ankylosing Spondylitis Disease 
Activity Score using C-reactive protein.
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after treatment (r= -0.266, p=0.046; r= -0.286, 
p=0.034, respectively); serum levels of IL-28A 
were negatively correlated with BASDAI at the 
third months after treatment (r=-0.269, p=0.043); 
serum levels of IL-29 were negatively correlated 
with BASDAI at the third months after treatment 
(r= -0.299, p=0.024).

When we compared the changes in serum 
levels of type-III IFNs and disease activity 
indexes (BASAI and ASDAS-CRP) (Figure 2), 
the increasing trend of serum IL-28A and IL-28B 

after TNFi treatment in AS patients was opposite 
to the decreasing trend of disease activity.

Possible associations between changes in 
disease activity and changes in IL-29, IL-28A, and 
IL-28B levels were also examined. However, we 
did not find any significant correlation between 
ΔIL-29, ΔIL-28A, and ΔIL-28B levels and Δclinical 
parameters measured in AS patients at the first 
month after treatment (p>0.05) (data not shown).

All of the 57 patients in our study were divided 
into two groups according to their ASAS20 

Table 3. Correlation of serum interleukin-29, interleukin-28A and interleukin-28B with ankylosing 
spondylitis patients’ disease activity index

ESR (mm/h) CRP (mg/L) BASDAI ASDAS-CRP

Baseline

IL-29 r 0.056 -0.016 0.059 0.104

p 0.677 0.906 0.664 0.442

IL-28A r -0.179 -0.132 0.037 -0.012

p 0.184 0.329 0.783 0.928

IL-28B r -0.024 0.063 -0.126 0.010

p 0.858 0.640 0.349 0.941

The first month

IL-29 r 0.019 -0.066 -0.096 -0.124

p 0.889 0.628 0.479 0.360

IL-28A r -0.266 -0.132 -0.178 -0.257

p 0.046 0.327 0.184 0.053

IL-28B r 0.040 -0.006 -0.114 -0.156

p 0.769 0.965 0.399 0.248

The third 
month

IL-29 r -0.070 0.042 -0.299 -0.132

p 0.607 0.756 0.024 0.326

IL-28A r -0.189 -0.107 -0.269 -0.21

p 0.159 0.428 0.043 0.116

IL-28B r -0.220 -0.030 -0.166 -0.211

p 0.101 0.826 0.218 0.115

The sixth 
month

IL-29 r 0.052 0.081 -0.227 0.007

p 0.705 0.557 0.096 0.960

IL-28A r -0.286 -0.042 -0.208 -0.089

p 0.034 0.762 0.127 0.518

IL-28B r 0.161 -0.020 -0.179 -0.158

p 0.240 0.884 0.191 0.248

ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; 
ASDAS-CRP: Ankylosing Spondylitis Disease Activity Score based on C-reactive protein; IL: Interleukin.
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response criteria to TNFi therapy in the first 
three months. As a result, 46 patients were in 
the response positive group, while 11 patients 
were in the no response group. We compared 
the serum IL-29, IL-28A, and IL-28B levels at 
baseline between the response positive group and 
the no response group and detected no significant 
difference (p>0.05) (data not shown).

DISCUSSION

The current study found that type-III IFNs are 
involved in several autoimmune diseases including 
SLE, SSc, and RA.7-9 Our previous published 
studies showed that IL-28B may contribute to 
avoiding osteoclasia in RA patients, and IL-29 
may correlate with disease activity parameters in 
RA and decline after treatment with DMARDs.20,21 
The pathogenesis of AS is similar to RA, which 
inflammation disrupts normal bone homeostasis 
leading to an imbalance of bone resorption 
and formation.22 However, it is unclear whether 
IL-28A, IL-28B, and IL-29 are involved in the 
pathogenesis of AS.

Our results revealed that serum IL-28B 
levels in AS patients were lower than those in 
HCs, and serum IL-28A levels in AS patients 
were higher than those in HCs. To the best 
of our knowledge, this is the first report to 
investigate the serum IL-28A and IL-28B levels 
in AS patients. Our findings in AS patients 
were consistent with previous results in RA 
patients. Lv et al.20 found that serum IL-28B 
levels were significantly lower in RA group 
than in control group, and speculated that 
IL-28B may be stimulated by inflammation of 
joint, may move to the joint cavity to decrease 
the production of some inflammatory factors 
including IL-1b, TNF-a and IL-17 and inhibit 
neutrophil migration to reduce the destruction 
and inflammation of joint. Furthermore, Castillo-
Martinez et al.23 found that IL-28A levels were 
higher in RA patients with active disease than 
HCs. Combined with our results, IL-28A and 
IL-28B expressions in AS patients may have 
different changes in inflammatory environments. 
These results suggested that IL-28A and IL-28B 
are involved in the pathogenesis of AS. Thus, 
we may indicate that IL-28A and IL-28B 
expressions are dysregulated in AS patients and 

may have different changes in inflammatory 
environments. 

We tested disease activity parameters and 
inflammation parameters (ESR or CRP), which 
indirectly reflect the level of inflammation 
and the severity of the disease. Our findings 
demonstrated that, with the alleviation of the 
disease activity after treatment, the increasing 
trend of serum IL-28A and IL-28B after TNFi 
treatment in AS patients were opposite to the 
decreasing trend of disease activity, and became 
in a steady-state after one month of treatment. 
IL-28A was negatively correlated with ESR 
and BASDAI after treatment. However, we did 
not find any significant correlation at baseline 
between IL-28 isoforms and disease activity 
parameters. In addition, at the amino acid 
level, IL-28A and IL-28B are closely similar, 
having a 96% sequence identity.4 Recent findings 
suggested that overexpression of IL-28 isoforms 
exerts anti-inflammatory and protective effects 
by downregulating inflammatory responses in 
experimental collagen induced arthritis10 and 
lung inflammation induced by cigarette smoke 
exposure in mice.11 In our study with AS 
patients, the increased serum IL-28A and IL-28B 
levels after treatment also suggest that IL-28A 
and IL-28B may exert their influence in reducing 
disease activity and anti-inflammatory protection. 
Although there was no statistically significant 
correlation between IL-28 isoform at baseline, 
the changes in serum IL-28A and IL-28B after 
TNFi treatment in AS patients have potential 
tendency to reduce disease activity.

We demonstrated that serum IL-29 levels in 
57 AS patients were not different from those 
of HCs. Our results were in agreement with a 
previous work by Wu et al.,7 who found that the 
serum IL-29 levels of 21 AS patients and 42 HCs 
had no significant differences. However, Wu et 
al.7 did not explore disease activity indexes and 
clinical characteristics before and after treatment. 
Accordingly, we detected that the serum levels of 
IL-29 at the third months after treatment were 
significantly increased compared with those 
of baseline and HCs, and this change was 
negatively correlated with BASDAI, while serum 
levels of IL-29 were in a steady-state level at first 
month after treatment till the sixth month. On 
the other hand, we did not find any mechanistic 
explanation to support such association. So, we 
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speculated that IL-29 may be involved in the 
pathogenesis of AS. To our knowledge, this is 
the first report to investigate the serum IL-29 
levels in AS patients after TNFi treatment and 
find that IL-29 in AS patients was negatively 
correlated with BASDAI at three months after 
TNFi treatment.

In order to further examine the role of type-III 
IFNs in AS, we compared the levels of serum IL-29, 
IL-28A and IL-28B levels at baseline between 
response positive group and no response group. 
Unfortunately, there was no significant difference 
between the two groups. Thus, whether type-III 
IFNs level can be used as a biomarker for the 
baseline predictors of TNFi treatment response 
in AS still requires prospective longitudinal 
observational cohort studies.24

Our study has some limitations. We were 
aware that the short-term follow-up, moderate 
sample size, strict inclusion criteria, and lack 
of other controls (e.g., inactive AS patients and 
other drug treatment group) may limit our results 
to find any correlation at baseline between 
type-III INFs and disease activity parameters. In 
addition, although changes in serum levels of 
type-III INFs in AS treated with TNF-a inhibitors 
were evaluated, there was no direct evidence that 
type-III IFNs were correlated to disease activity. 
Thus, further researches are necessary to identify 
the correlation between type-III IFNs and clinical 
parameters.

In conclusion, to our knowledge, this is the 
first study to investigate serum levels of type-III 
INFs in AS patients and show that type-III INFs 
may be involved in the pathogenesis of AS. 
This study may provide new targets for the 
treatment of AS. Further research is necessary 
to identify type-III INFs’ functions, expression 
mechanisms and signaling pathways in AS 
pathogenesis.
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