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ABSTRACT. Ankylosing spondylitis (AS), a progressive disease of
the spine, manifests as peripheral arthritis with tendon and ligament
inflammation that restricts activity. AS is a rheumatoid autoimmune
disease although the rheumatoid factor is absent in patients with AS.
It is characterized by inflammatory changes such as elevated levels
of serum inflammatory factors. The roles of Thl and Th2 cytokines
in autoimmune diseases are well known. However, the roles of these
cytokines in the diagnosis and prognosis of AS is poorly understood.
The aim of this study was to investigate the roles of Th1/Th2 cytokines
in the diagnosis and prognosis of AS. The BASDAI activity, BASFI
functional index, BASMI measurement score, and the levels of CRP
and ESR were measured during the treatment of patients with active
AS. The levels of IFN-y and TNF-a (Thl cytokines) and IL-4 and
IL-10 (Th2 cytokines) were quantified. The levels of IL-4 and IL-10
were significantly low in the serum of patients with active AS, who
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also had high IFN-y and TNF-a levels compared to those in the control
individuals (P < 0.05). After treatment, the levels of IL-4 and IL-10
increased while those of IFN-y and TNF-a decreased compared to those
in individuals with active AS (P < 0.05). The disease activity index
correlated positively with levels of IFN-y and TNF-o and negatively
with levels of IL-4 and IL-10, but not with that of CRP or ESR. Changes
in the levels of Th1/2 cytokines in patients with AS may reflect disease
activity and prognosis.
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INTRODUCTION

Ankylosing spondylitis (AS) is an autoimmune disease that is considered to be a
rheumatoid disorder albeit with the absence of rheumatoid factors (Almasi et al., 2016). AS
is a familial inherited disease involving multiple gene loci, among which, the HLA-B27
locus has been shown to have a strong association with the disease. Patients with AS have
strong sex preference, as it occurs frequently in young males in the age group of 20-30 years
(Lindstrom et al., 2016b; Zou et al., 2016). Although AS has an insidious onset and slow
progression, no effective treatment has been found, which severely affects the efficacy of
treatment (Fischer et al., 2015; Kisacik et al., 2016a). AS can affect the tissues of the spine
and major joints of the body, which elicit an inflammatory response (Colombo et al., 2015;
Hoxha et al., 2016). In addition, AS can also affect major organs such as the lungs besides
causing stiffness of joints (Arikan et al., 2016; Qian et al., 2016). Currently, knowledge
about AS pathogenesis is limiting; however, genetic, environmental, and immune factors are
speculated to be involved.

The T helper cells (Th cells), a type of T cell, play an important role in the regulation
of immune response. These Th cells can be further divided into Th1 and Th2 cells, and the
imbalance of cytokines secreted by the Thl and Th2 cells is critical for the pathogenesis
and progression of autoimmune diseases (Roberts et al., 2016). Thl cells secrete cytokines
such as IFN-y and TNF-a, which facilitate macrophage-induced anti-infection and may
lead to autoimmune diseases in certain organs (Gracey et al., 2016; Wang et al., 2016). In
contrast, Th2 cells secrete cytokines such as IL-4 and IL-10, which promote proliferation,
differentiation, antibody production, and participation in humoral immune response of B
lymphocytes. The abnormal expression of Th2 cytokines is correlated with diseases such as
asthma (Bautista-Caro et al., 2014; Wang et al., 2015). Therefore, the balance of Th1/Th2
cells determines the response of the immune system. However, the role of Th1/Th2 cytokines
in the diagnosis and prognostic evaluation of patients with AS remains poorly understood.
The aim of this study was to investigate the role of Th1/Th2 cytokines in diagnosis and
prognosis of AS.

MATERIAL AND METHODS
General information

Sixty patients, 43 males and 27 females in the age group of 18-36 years (average
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age = 21.0 = 4.1 years) and in the active stage of AS, were recruited to the TCM Hospital of
Gansu Province, from December 2014 to June 2015. The patients’ conditions were evaluated
according to the standard procedure for diagnosis stipulated by the American College of
Rheumatology by at least two rheumatologists.

Inclusion criteria

Patients, whose conditions were in accordance with one or more clinical/imaging
standards, were included in the study. The clinical standards included limited lumbar vertebral
activity, wrist pain or morning stiffness for at least three months without relief after rest,
and lower chest activity. Imaging diagnostic criteria included bilateral grade II (or above) or
unilateral grade III or IV sacroiliac articulations with arthritic changes.

Exclusion criteria

Patients who had a recent episode of inflammation accompanied by the presence of
a tumor or injury to the liver or kidney, chronic inflammation, severe cardio-cerebrovascular
disease, blood or endocrine disorders, and other rheumatoid diseases or were pregnant or
breastfeeding, were excluded from the study. The bath ankylosing spondylitis disease activity
index (BASDALI) score was used to identify patients in the active stage of AS (Yu et al., 2015),
with patients scoring above 3 being classified as carriers of the active disease.

A cohort of 30 healthy volunteers (22 males and 7 females in the age group of 21-30
years, average age = 20.0 = 5.4 years) was selected as controls. The exclusion criteria were
the presence of autoimmune diseases or a family history of chronic disease. This study has
been pre-approved by the ethical committee of the TCM Hospital, Gansu Province. Informed
consent was obtained from all the participants before commencement of the study.

Patient treatment

Patients with active AS received non-steroidal anti-inflammatory medicine, including
loxoprofen sodium (60 mg, 3 times daily), sulfasalazine (500 mg, 3 times daily for anti-
rheumatoid treatment), and methylprednisolone (2-4 mg/kg/day, iv drip, 3 days per course, 3
courses in total with 4 days interval). After 21 days of treatment, erythrocyte sedimentation
index (ESR), C reactive protein (CRP), and liver/kidney functions were tested, along with
estimation of the BASDAI score for disease activity, the BASFI (Bath Ankylosing Spondylitis
Functional Index) functional index, and the BASMI (Bath Ankylosing Spondylitis Metrology
Index) measurement index.

Disease activity index analysis

The BASDALI score was used to analyze the disease activity index of AS (Yu et al.,
2015) The VAS (Visual Analogue Scale) approach was used to evaluate the extent of pain in
the diseased joints of patients with AS, such as pain in the neck, back, and hip, swelling of
other joints, and conditions of fatigue and sleep. The morning stiffness score was evaluated
based on the time and severity of conditions in a score range from 1 to 10, where a higher score
represented higher activity of patients.

Genetics and Molecular Research 16 (1): gmr16019322



J.T. Wen et al. 4

BASMI measurement index

The measurement index of AS was according to BASMI score (Liang et al., 2015).
It recorded four vertebral activity tasks such as pillow wall distance, Schober test, finger
pitch, and neck rotation. In each item, 2 points represent severely restricted behavior while 0
point indicates normal activity. The BASMI score was the summation of the scores from all
4 behavioral tasks. Thus, higher BASMI score suggested more severe restriction of vertebral
activity.

BASFI functional index

The BASFI was used to evaluate 10 AS-specific behavioral tasks such as picking up
of a pen, wearing a sock (Lindstrom et al., 2016a). Each task was scored on a scale of 0-10,
in which 10 represented severe restriction and 0 represented normal behavior. The BASFI
function index was the summation of the scores of all 10 activities. Higher scores indicated
severely affected daily lives.

Clinical information of patients

Clinical symptoms and bodily signs of the patients were documented along with their
family history and results from laboratory tests for CRP and ESR.

Sample collection

Heparin sodium anti-coagulation tubes were used to collect 5 mL venous blood from
patients and healthy controls who had fasted. After centrifugation at 2000 rpm for 10 min, the
supernatant was saved at -20°C for further use.

Estimation of cytokine expression by ELISA

ELISA was used to quantify the expression of Thl cytokines, IFN-y and TNF-a.,
and Th2 cytokines, IL-4 and IL-10, in the 12 serum samples. In brief, peripheral blood
samples were centrifuged to obtain the serum. Optical density (OD) values were measured
in a microplate reader according to the manufacturer’s instructions of the ELISA kit
(Human Th1/Th2/Th17 Panel) (R&D, Minneapolis, MN, USA). OD values of standards
were used to plot the reference curve, from which the levels of Thl and Th2 cytokines
were calculated.

Statistical analysis

All data were processed with the SPSS 22.0 software. Data are reported as mean +
standard deviation (SD). The comparison among multiple groups was carried out using the
one-way analysis of variance (ANOVA). The student #-test was used for paired comparison.
Pearson analysis was used to detect the correlation between parameters. A significant level
was defined as a = 0.05. A statistical significance was identified as P < 0.05.
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RESULTS
ESR and CRP levels before and after treatment of AS

We analyzed the clinical and lab indexes, especially ESR and CRP levels, of patients
with active AS, patients receiving treatment for AS, and healthy individuals. Results showed
that treatment decreased levels of ESR (31.63 + 2.37 mm/h) and CRP (22.34 + 3.09 mg/L)
when compared to the levels before the treatment (32.53 + 3.36 mm/h for ESR and 23.26 +
3.35 mg/L for CRP), albeit without significant difference (Table 1).

Table 1. ESR and CRP levels of patients with active AS before and after treatment.

Index

Control

Before treatment

After treatment

ESR (mm/h)

NA

32.53+3.36

31.63+£2.37

CRP (mg/L)

NA

2326 +3.35

22.34+3.09

NA, not applicable.

BASDALI disease activity index, BASFI functional index and BASMI measurement
index of patients with AS

We further analyzed the BASDAI disease activity index, the BASFI functional index
and the BASMI measurement index of the patients before and after treatment. Results showed
that the treatment significantly decreased the BASDAI disease activity index (2.07 £ 0.71),
the BASFI functional index (2.16 + 0.82) and the BASMI measurement index (3.13 £ 1.22)
in the patients after treatment compared to indexes in patients in the active stage of AS (4.12
+ 1.91 for BASDAI, 4.92 + 1.31 for BASFI, and 5.81 + 2.92 for BASMI) (P < 0.05, Table 2).

Table 2. BASDAI, BASFI, and BASMI scores before and after treatment of patients with AS.

Index Control Before treatment After treatment
BASDAI NA 4.12+191 2.07+£0.71*
BASFI NA 4.92 +1.31 2.16 £0.82*
BASMI NA 5.81+2.92 3.13 +£1.22*

NA, not applicable; *P < 0.05 on comparison with values before treatment.

Levels of Thl cytokines IFN-y and TNF-a in patients with AS before and after treatment

ELISA was used to quantify the levels of the Thl cytokines, IFN-y and TNF-a, in
serum from patients with AS. Results showed elevated serum level of IFN-y (128.6 = 19.9 pg/
mL) and TNF-a (145.2 =£22.5 pg/mL) in patients with active AS compared to the levels in the
control individuals (63.2 £ 10.1 pg/mL for IFN-y, 87.5 + 13.2 pg/mL for TNF-a) (P < 0.05).
After treatment, serum levels of [FN-y (95.8 + 15.6 pg/mL) and TNF-a (123.1 &+ 20.1 pg/mL)
decreased (P < 0.05) compared to those of patients with active AS before treatment (Figure 1).

Levels of Th2 cytokines IL-4 and IL-10 in patients before and after treatment

ELISA was used to quantify the levels of Th2 cytokines, IL-4 and IL-10. Results
revealed significantly low levels of serum IL-4 (65.1 & 12.5 pg/mL) and IL-10 (72.3 £ 15.6 pg/
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mL) in patients with active AS than in the control group (129.6 + 29.8 pg/mL for I1L-4, 158.6
+ 30.2 pg/mL for IL-10) (P < 0.05). After treatment, serum levels of IL-4 (92.3 + 13.9 pg/
mL) and IL-10 (100.6 £+ 16.3 pg/mL) were enhanced in the patients compared to that before
treatment (P < 0.05) (Figure 2).

1801 M Control M Before treatment B After treatment

*

Th1 cytokine levels (pg/ml)

IFN-y TNF-a

Figure 1. Serum levels of Th1 cytokines, IFN-y and TNF-a.. *P < 0.05 compared with levels in the control group;
P < 0.05 compared with the levels before treatment. Data are presented as means + SD.

B Control M Before treatment B After treatment

Th2 cytokine levels (pg/ml)

1L-4 1L-10

Figure 2. Serum levels of Th2 cytokines, IL-4 and 11-10 in patients with AS. *P < 0.05 compared with levels in the
control group; “P < 0.05 compared with the levels before treatment.

Correlation between Th1 cytokine levels and clinical index of patients with AS

Correlation analysis was used to study the relationship between levels of the Thl
cytokines IFN-y/TNF-o and the BASDALI disease activity index, the BASFI functional index,
the BASMI measurement index, and the ESR and CRP levels in the patients before and after
treatment. Results showed positive correlation between IFN-y/TNF-a levels and the BASDAI
disease activity index, the BASFI functional index and the BASMI measurement index (P <
0.05 in all pairs) but not with CRP or ESR (P > 0.05) (Table 3).
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Table 3. Correlation analysis between Th1 cytokine levels and clinical indexes in patients with AS.

Th1/2 cytokines in ankylosing spondylitis

BASDAI BASFI BASMI ESR CRP

IFN-y r value 0.702 0.815 0.562 0.014 0.153
TNF-a r value 0.639 0.789 0.958 0.016 0.216
P <0.05 <0.05 <0.05 >0.05 >0.05

Correlation between Th2 cytokine levels and the clinical index of the patients

Correlation analysis was used to study the correlation between levels of the Th2
cytokines IL-4 or IL-10 and the BASDALI disease activity index, the BASFI functional index,
the BASMI measurement index, and levels of ESR and CRP in the patients before and after
treatment for AS. Results showed negative correlation between IL-4 or IL-10 levels and the
BASDALI disease activity index, the BASFI functional index, and the BASMI measurement
index (P < 0.05 in all pairs) but not with CRP or ESR (P > 0.05) (Table 4).

Table 4. Correlation analysis between Th2 cytokine levels and clinical indexes in patients with AS.

BASDAI

BASFI

BASMI

ESR

CRP

L4

1 value

-0.517

-0.815

-0.679

0.018

0.327

IL-10

1 value

-0.728

-0.652

-0.562

0.011

0.215

P

<0.05

<0.05

<0.05

>0.05

>0.05

DISCUSSION

As a common autoimmune disease, AS has a complicated pathogenesis mechanism,
which is closely related to the body’s immune functions (Goniil et al., 2016). Helper T cells
(Th) can be sub-divided into different sub-populations, which play important roles in the
pathogenesis and progression of several autoimmune diseases. Among these cells, Thl and
Th2 secrete cytokines, imbalance in the levels of which might be critical for the development
of autoimmune diseases (Bautista-Caro et al., 2014). Normally, the body balances the numbers
of Thl and Th2 to maintain homeostasis. In various autoimmune diseases such as allergic
enteritis and asthma-related rheumatoid arthritis, an imbalance of Th1/Th2 is observed. TNF-a
is upregulated when the number of Thl cells increase, thus hindering the normal growth of
bone and cartilage and causing chronic inflammation. The elevation of TNF-a secretion is
thus believed to be an important factor in the pathogenesis of autoimmune diseases, including
rheumatoid arthritis and AS. Therefore, the biological therapy of AS frequently utilizes TNF-o
antagonists for pain relief (Lee et al., 2016). Cytokines released from Th1 and Th2 cells can
antagonize each other and inhibit the Th reactions and the release of related factors. The Thl
cytokine IFN-y can antagonize the secretion of Th2 cytokines IL-4 and IL-10, which further
inhibits the Th2 reaction (van der Weijden et al., 2016). This study revealed significantly
lower levels of serum IL-4 and IL-10 in patients with active AS, who also had higher levels
of TNF-a and IFN-y, thereby indicating that imbalance in Th1/Th2 cell numbers might be
involved in the pathogenesis of AS.

Major therapies for AS include the use of non-steroid anti-inflammatory medications
to manage symptoms and control inflammation. However, these therapies lack a systemic
treatment plan. In addition, biological therapy is expensive and is an economic burden for the
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patients. The use of glucocorticoids has therefore become a feasible alternative for treatment
of AS and it has been widely accepted regarding its efficacy (Kisacik et al., 2016b). However,
effective evaluation criteria for the disease condition and prognosis of AS are still lacking.
This study determined the levels of Th1 and Th2 cytokines in patients with AS before and after
treatment and analyzed the correlation of the levels of the cytokines with clinical symptoms.
Our results demonstrated a positive correlation between TNF-a/IFN-y levels and the disease
activity indexes and a negatively correlation with IL-4/IL-10 levels, but not with CRP or ESR
levels. These results showed that the dynamics of Th1/Th2 cytokines could be correlated with
the progression of AS and be used for prognostic analysis. However, the exact mechanisms
by which Th1/Th2 cytokines regulate the pathogenesis of AS was not addressed in our study,
which forms the main limitation of this study as well as its future prospective.

In summary, increased expression of Thl cytokines and decreased expression of Th2
cytokines in the peripheral blood of patients with AS can reflect the disease activity condition.
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