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Abstract

efficacy predictors of AS.

Objectives: To study the bone changes and curative effect of infliximab in patients with ankylosing spondylitis (AS).
Methods: AS patients diagnosed and treated in Wuwei People’s Hospital from January 2017 to March 2018 were
collected as the study subjects of this study, and the patients were divided into INF group (n=40) and MTX group (n=40)
according to the random number table. The expression levels of TNF-a and IL-33 before and after treatment were detected
by enzyme-linked immunosorbent assay (ELISA), and bone changes before and after treatment were compared between
the two groups. The ROC curves of TNF-a and IL-33 for efficacy prediction of AS were drawn and analyzed. Results: After
treatment, the expression levels of serum TNF-a and IL-33 in patients in INF group were significantly lower than those in
MTX group (P<0.001), and the improvement of bone erosion and tendon thickening in INF group was markedly higher than
that in MTX group (P<0.001). The receiver operating characteristic (ROC) curve revealed that the area under the curve
(AUC) of TNF-a for predicting efficacy was 0.939, and that of IL-33 was 0.853. Conclusions: Infliximab can significantly
improve the bone status and has a positive effect in patients with AS, and TNF-a and IL-33 are expected to be used as
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Introduction

Ankylosing spondylitis (AS) is a chronic immune-mediated
inflammatory disease that is characterized by new bone
formation in the axial bones, often resulting in progressive,
irreversible structural damage and disability’2. The onset
of AS commonly occurs in people younger than 453, and
the prevalence is between 0.1% and 1.4% globally4. It is a
common rheumatic disease in China, and more than 90% of
Chinese patients are predominantly HLA-B*2704 subtype
and HLA-B27 positive, among which the incidence of the latter
accounts for 4% to 8% in the general Chinese population®. In
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astudy in Taiwan, the incidence of male AS was lower in people
under 19 years old, peaked rapidly between 20 and 24 years
old, and then gradually declined®. AS will severely affect the
spinal range of motion and physical function, leading to a low
quality of life and posing a direct threat to the physical and
mental health of young people. Therefore, the development of
safe and effective treatments is essential.

Non-steroidal anti-inflammatory drugs (NSAIDs) are the
mainstay of treatment for AS. Among them, indomethacin
combined with methotrexate is commonly used for the
treatment of AS; however clinical observation over the recent
years has revealed that its efficacy is moderate, and it has no
significant effect on improving the prognosis’. At the same
time, conventional treatment will slow down the radiological
progress. Tumor necrosis factor (TNF-a) inhibitors are found
to be able to make up the shortage of NSAIDs and improve
patients’ quality of life®. TNF-a is a cytokine produced by
activated macrophages that can inhibit osteoblasts and
stimulate osteoclasts, which can directly kill tumor cells
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without significant toxicity to normal cells. TNF-a and IL-
33 are overexpressed in patients with AS and are involved
in the development of the disease, which may requlate the
immune or inflammatory process of AS®'°. Infliximab, as one
of TNF-a inhibitors, can effectively reduce the level of TNF-a.
Studies have confirmed its safety and effectiveness in long-
term treatment'’, as well as its significant effect on improving
bone density'2. As the commonly used drugs in the clinical
treatment of AS in recent years, TNF-a inhibitors have shown
considerable clinical efficacy, but studies on the predictive
value of TNF-a and IL-33 in clinical efficacy are still scarce.

In this study, conventional drugs and infliximab were
applied to treat AS patients to study their effects on bone,
clinical efficacy as well as the predictive value in AS.

Methods and materials

Clinical data collection

Patients with AS who were diagnosed and treated in Wuwei
People’s Hospital from January 2017 to March 2018 were
collected and randomly divided into two groups: INF group
(n=40) and MTX group (n=40). There were 29 males and 11
females in the INF group, with an average age of 29.1£7.6
years, while in MTX group, there were 28 males and 12
females with an average age of 28.8+8.1 years. The study
was approved by the Medical Ethics Committee of Wuwei
People’s Hospital.

Inclusion and exclusion criteria

AS patients diagnosed and treated in our hospital, and
the diagnostic criteria were referred to the 1984 modified
New York Criteria of Evaluation of Diagnostic Criteria for
Ankylosing Spondylitis'>. The inclusion criteria were the
following: Low back pain and stiffness for more than 3
months, which would improve only during exercise, but not
at rest; Limited movement of lumbar sagittal and coronal;
Thoracic activity lower than healthy people of similar age and
gender; Bilateral sacral arthritis reached or exceeded grade
Il or unilateral sacral arthritis grade lll-IV.

The exclusion criteria were: Patients with high
methotrexate allergy, allergy to mouse protein, renal
insufficiency, active gastric and duodenal ulcers, moderate
and severe heart failure, infection, low blood volume,
coagulation, or mental disorder.

Treatment plan

Patients in the INF group received an intravenous injection
of infliximab (Cilag AG, Switzerland, registration number:
S20171001). Patients were given at the first dose of 5 mg/
kg, followed by the same dose at 2 and 6 weeks after the
first administration and every 6 weeks after that. While
patients in the MTX group were treated with conventional
drug treatment: Indomethacin sustained-release capsules
(Minghe Pharmaceutical Co., Ltd., Hubei, China, State
Drugs Administration License No.: H20030063) was orally
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Table 1. Evaluation criteria for clinical efficacy.

Efficacy level | Evaluation criteria

Basically cured PGA score =9

PGA score =9 PGA score: 6-9
Improved PGA score: 2.5-5.9
Ineffective PGA score<2.5

administrated at 75 mg/time and 1d/time. Also, another oral
administration of methotrexate tablets (Sine Pharmaceutical
Laboratories Co., Ltd., Shanghai, China, State Drugs
Administration License No.: H31020644) was taken at 5
mg/time, once daily. Patients in both groups were treated
continuously for 30 weeks.

Sample collection and testing

On the morning of the second day after admission and
30-week treatment, 3 ml of blood was taken from the veins
on an empty stomach from each enrolled AS patient, and
meanwhile, the same amount of blood samples were drawn
from the control group. All the blood samples were left at
room temperature for 30 min and centrifuged at 3000 rpm/
min for 10 min. Then the supernatant was collected and
stored in the refrigerator at -80°C for centralized detection.

ELISA was adopted to measure the serum expression
levels of TNF-a (human TNF alpha ELISA kit, Abcam
(Shanghai) Trading Co., Ltd., ab181421) and IL-33 (human
The expression of IL-33 ELISA kit, Abcam (Shanghai) Trading
Co., Ltd.,ab223865). Blank wells, standard wells, and sample
wells to be tested were set. Blank wells were added with SO
with O concentration, while standard wells with standard
samples, and sample wells with the sample to be tested.
In addition to the sample wells, all other wells were added
with sample dilutions and horseradish peroxidase (HRP)-
labeled antibodies. Then, unbound biotinylated antibodies
were removed thorough washing, and HRP-labeled avidin
was added. After washing again, TMB substrate was added
for color development. TMB turned blue under catalysis
and yellow under the action of acid. Finally, the absorbance
(OD value) was measured with a microplate reader at a
wavelength of 450 nm, and the corresponding concentration
was converted from the standard curve.

Outcome measures

Main outcome measures: Bone changes and the expression
levels of TNF-a and IL-33 before and after treatment in the two
groups were recorded and compared. In addition, Physician
global assessment (PGA) score was applied to evaluate the
clinical efficacy of the two groups after 30 weeks of treatment
(curative effect evaluation standard are shown in Table 1).
Serum TNF-a and IL-33 expressions of the two groups of
patients before and after treatment were observed. What’s
more, according to post-treatment conditions, patients who
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Table 2. Baseline data of patients.

Factors INF group (n=40) MTX group (n=40) | t/y? value P value
Age (years) 29.1£7.6 28.8+8.1 0.865
Gender
Male 29 (72.50) 28 (70.00)
0.061 0.804
Female 11 (27.50) 12 (30.00)
BMI (kg/m?) 22.4%1.5 22.8%1.3 1.275 0.206
Smoking history
Yes 12 (30.00) 13 (32.50)
0.058 0.809
No 28 (70.00) 27 (67.50)
Family medical history
Yes 5(12.50) 6 (15.00)
0.105 0.745
No 35 (87.50) 34 (85.00)
Residence
Rural 22 (55.00) 24 (60.00)
0.205 0.651
Urban 18 (45.00) 16 (40.00)
CRP (mg/L) 11.92+7.63 12.16+7.42 0.143 0.887
ESR (mm) 21.34+8.27 20.87+9.12 0.241 0.810
-
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Figure 1. Changes in serum TNF-a and IL-33 expression levels before and after treatment in the two groups of patients. A) Changes
in serum TNF-a expression level before and after treatment in the two groups. There was no significant difference in serum TNF-a level
between INF group (28.427+7.138) and MTX group (27.892+6.427) before treatment. While it decreased significantly after treatment
in the two groups, and the serum TNF-a level in INF group (12.146+5.752) was significantly lower than that in MTX group (18.248
+13.426). B) Changes in serum IL-33 expression level before and after treatment in the two groups. No significant difference was found in
serum IL-33 level between INF group (261.152+28.443) and MTX group (256.763+26.976) before treatment. While the level of serum
IL-33 dropped notably in the two groups after treatment, and the serum IL-33 level in INF group (121.274+13.426) was remarkably
lower than that in MTX group (137.582+16.223) (P<0.001). *** indicated P<0.001.

were basically cured and showed markedly effective were
divided into good curative effect group, while those who were
improved and ineffective were divided into the poor curative
effect group. The expression levels of TNF-a and IL-33 in the
two groups before treatment were observed, and ROC curve
was drawn.

Secondary outcome measures: Changes in clinical
outcome measures before and after treatment in the two
groups were observed (Table 1).
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Statistical analysis

The collected data were statistical analyzed by SPSS20.0
(Cabit Information Technology Co., Ltd., Shanghai, China), and
the required images were plotted using Prism 7 (Softhead
Technology Co., Ltd., Shenzhen, China). The counting data
were expressed in the form of percentage (%), and compared
using Chi-square (expressed as X2). The measurement data
were expressed as (MeanzSD), and the comparison between
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Table 3. Bone changes in the two groups before and after treatment.

Bone erosion Osteophyte
Indexes Before After Before After Before After Before After
treatment treatment treatment treatment treatment treatment treatment treatment

ooy | 3177500 | 820000 | 25000 | 1(250) | 17(42.50) | 4(1000) | 2(500) | 2(5.00)
MTX Group

(n=40) 33(82.50) 17 (42.5) 3(7.50) 2 (5.00) 18 (45.00) 10 (25.00) 1(2.50) 1(2.50)

X2 value 0.313 4713 0.213 0.346 0.503 4.021 0.346 0.346

P value 0.576 0.030 0.644 0.556 0.478 0.045 0.556 0.556

Table 4. Changes in clinical efficacy indexes before and after treatment in the two groups.

BASDAI
Indexes Before After Before After Before After Before After
treatment treatment treatment treatment treatment treatment treatment treatment
'“:Ef:c’)‘)’p 74132 1318 4.56:2.64 | 198+1.56 | 5.86+1.64 | 2.03%1.22 | 4.22+1.63 | 8.031.12
MI:=ZFE)):p 76429 1847 4.62+2.49 | 2.99+1.34 | 578+1.81 | 3.14+1.42 | 4.17x1.78 | T7.11£1.34
T value 0.248 2975 0.105 3.106 0.207 2.804 0.131 3.332
P value 0.805 0.004 0917 0.003 0.836 0.006 0.896 0.001

the two groups of normal distribution data was performed
using the independent sample t test, which was expressed
as P<0.05 indicated that there was a statistical difference
between the two groups.

Results

Comparison of clinical data between the two groups

There were no significant differences in age, gender, BMI,
smoking history, family history, place of residence or other
laboratory indicators in the two groups of patients (P>0.05)
(Table 2).

Changes in serum TNF-a and IL-33 expression levels before
and after treatment in the two groups

The comparison of serum TNF-a and IL-33 expression
levels of patients in the two groups before and after
treatment showed no significant difference in serum
TNF-a (28.427+7.138) (27.892+6.427) and IL-33
(261.152+28.443) (256.763+26.976) levels between INF
group and MTX group before treatment. After treatment,
the expression levels of serum TNF-a (12.146%5.752)
(18.248+13.426) and IL-33 (121.274+13.426)
(137.582+16.223) decreased significantly in both groups
(P<0.001), and the serum TNF-a and IL-33 in patients in INF
group were substantially lower than those in MTX group
(P<0.001) (Figure 1).
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Bone changes in the two groups before and after treatment

Of all the 40 patients in the INF group, 31 cases of
bone erosion, 2 cases of osteophyte, 17 cases of tendon
thickening, and 2 cases of tendon calcification were found
before treatment. While there were 33 cases of bone erosion,
3 cases of osteophyte, 18 cases of tendon thickening, and
1 case of tendon calcification in the MTX group before
treatment. There was no significant difference in the number
of cases of bone lesions between the two groups before
treatment (P>0.05). After treatment, there were 8 cases
of bone erosion, 1 case of osteophyte, 4 cases of tendon
thickening and 2 cases of tendon calcification in the INF
group, while in MTX group, there were 17 cases of bone
erosion, 2 cases of osteophyte, 10 cases of tendon thickening
and 1 case of tendon calcification. The results, as mentioned
above, indicated that the degree of bone improvement in the
INF group was better than that in the MTX group (P<0.001)
(Table 3).

Changes in clinical efficacy indexes before and after treatment
in the two groups

There was no significant difference in the indexes of
morning stiffness time (74+32) (76+£29), Bath Ankylosing
Spondylitis Functional Index (BASFI) (4.56+2.64)
(4.62+£2.49), Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI) (5.86+1.64) (5.78+1.81), PGA
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Table 5. Comparison of clinical efficacy between the two groups.

Groups Basically cured Markedly effective Improved Ineffective Total effective rate
INF group (n=40) 15.00 (37.50) 14.00 (35.00) 9.00 (22.50) 2.00 (5.00) 5 (95.00)
MTX group (n=40) 9.00 (22.50) 13.00(32.50) 12.00 (30.00) 6.00 (15.00) 35(85.00)
T value 0.018
P value 5.556
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Figure 2. Expression of TNF-a and IL-33 in serum of patients with good and poor curative effect before treatment. A) The serum
TNF-a level in the good curative effect group (25.162+3.583) before treatment was notably lower than that of the poor curative effect
group (31.238+3.274). B) The serum IL-33 level in the good curative effect group (242.748+23.582) was significantly lower than that
kOf the poor curative effect group (276.342+22.465) (P<0.001). )

(4.22+1.63) (4.17£1.78) between INF group and MTX
group before treatment (P>0.05). While after treatment,
the improvement of morning stiffness time (13+8) (18+7),
BASFI (1.98+1.56) (2.99+1.34), BASDAI (2.03+1.22)
(3.14£1.42) and PGA (8.03%1.12) (7.11+1.34) in INF group
was better than that in MTX group (P<0.05), as shown in
Table 4. The clinical efficacy of the patients was evaluated
according to the PGA score after treatment. The results
showed that 15 patients in INF group were cured, 14
were markedly effective, 9 were improved, and 2 were
ineffective, with a total effective rate of 95% I[overall
effective rate (%) = n (basically cured + markedly effective
+ improved) / n (ineffective)l. While in the MTX group, 9
cases were cured, 13 cases were considerably effective,
12 cases were improved, and 6 cases were ineffective,
with a total effective rate of 85%. The overall effective
rate in the INF group was significantly higher than that in
the MTX group (Table 5).
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Predictive value of TNF-a and IL-33 in patients with AS

The patients in the INF group were grouped according to
their clinical efficacy after treatment. The patients who were
cured and those with marked effectiveness were divided into
good curative effect group (n=51), and the improved and
ineffective patients were divided into poor curative effect
group (n=29). It was observed that the expression levels of
serum TNF-a and IL-33 in the good curative effect group
were markedly lower than those of the poor curative effect
group, showing a significant difference (P<0.001), as shown
in Figure 2. Subsequently, ROC curves were drawn based on
the expression levels of TNF-a and IL-33 before treatment in
the two groups. The results showed that the AUC of TNF-a
in predicting efficacy was 0.939, 95CI%: 0.886-0.992,
sensitivity: 93.33%, specificity: 88.00%, and Youden
index: 81.33%. While the AUC of IL-33 in predicting efficacy
was 0.853, 95CI%: 0.754-0.952, sensitivity: 93.33%,
specificity: 88.00%, and Youden index: 81.33%, as shown
in Figure 3.
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Figure 3. ROC curve for predicting the efficacy of TNF-a and
IL-33 in AS patients. The red line was the ROC curve of IL-33
in efficacy prediction of AS, and the AUC was 0.853, 95CI%:
0.754-0.952, sensitivity: 93.33%, specificity: 88.00%, and
Youden index: 81.33%. The blue line was the ROC curve of
TNF-a in efficacy prediction of AS, the AUC was 0.939, 95C|%:
0.886-0.992, the sensitivity was 93.33%, the specificity was
88.00%, and the Youden index was 81.33%.

- J

Discussion

AS has common clinical manifestations and genetic
susceptibility'4, with higher mortality and disability. The
pathogenesis of AS remains unclear. The development of
ossificationin early AS patientsis related to inflammation's, as
reported by Walter et al'®, inflammation promoted osteophyte
formation. Studies have shown that the inflammatory factor
IL-33 is highly expressed in AS patients, which can improve
the role of TNF-a and participate in the development of AS'.
There is also evidence that TNF-a inhibitors can lead to bone
renewal and balance, which is beneficial to bone formation'®.
As a commonly used TNF-a inhibitor in clinical practice, INF
is comparable to methotrexate in terms of serious adverse
events. At the same time, with better efficacy, so infliximab is
more advantageous in treatment'®. In this study, conventional
drugs and infliximab were used to treat patients with AS,
and their effects on TNF-a and IL-33 expression levels, bone
changes and clinical efficacy were studied.

In the present study, the included AS patients were divided
into INF group and MTX group according to different treatment
methods. By detecting the changes of serum TNF-a and IL-
33 expression levels before and after treatment, it was found
that there was no significant difference in them between the
two groups before treatment. After treatment, the serum
TNF-a and IL-33 expression levels decreased significantly
in both groups, and the expression levels of TNF-a and IL-33
in serum of patients in INF group were markedly lower than
those of patients in MTX group, indicating that TNF-a and IL-
33 may be implicated in the progression of AS, suggesting
that the two may be used as predictors of curative effect of
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this disease. It also shows that infliximab could significantly
reduce inflammation and improve the condition compared
with traditional drugs. In the study of Gong et al?°, IL-33
and IL-33 mRNAs were significantly elevated in patients
with AS, suggesting that they played an important role in
the development of AS, which was basically consistent with
our research. There are studies showing that the expression
level of TNF-a in patients with AS is a promising serological
indicatorinvolvedin AS?'. We then examined the bone changes
before and after treatment in the two groups of patients and
found that infliximab significantly improved bone erosion and
tendon thickening compared with methotrexate, but had litter
effect on improving osteophytes and tendon cailcification,
indicating that infliximab significantly improved the bone
quality of patients with AS with better treatment effect.
According to previous research, infliximab is ineffective in
10% of patients, suggesting that lowering the dose may
improve the efficacy?2. In order to further confirm the clinical
efficacy of infliximab in AS patients, we further analyzed the
morning stiffness time, BASFI, BASDAI, and PGA scores of
patients before and after treatment. The improvement of
various indexes in INF group was significantly higher than
that in MTX group after treatment, suggesting that infliximab
remarkably improved the clinical symptoms of patients with
AS. Studies by Vicente et al?® also verified that infliximab
was a TNF-a inhibitor with high application frequency and
considerable efficacy.

TNF-a and IL-33 are involved in the development of AS.
According to the PGA score after treatment, we divided the
patients into two groups: good curative effect group and
poor curative effect group. It was found that the expression
levels of serum TNF-a and IL-33 in the good curative effect
group were significantly lower than those in the poor curative
effect group, suggesting that TNF-a and IL-33 can sever as
predictors of the curative effect of AS. Further plotting the
ROC revealed that, the AUC of IL-33 in efficacy prediction
of AS was 0.853, 95CI%: 0.754-0.992, the sensitivity was
93.33%, the specificity was 88.00%, and the Youden index
was 81.33%. While the AUC of TNF-a in efficacy prediction
of AS was 0.939, 95CI%: 0.886-0.992, the sensitivity was
93.33%, the specificity was 88.00%, and the Youden index
was 81.33%. All these indicated that TNF-a and IL-33 had
high predictive value in patients with AS.

The therapeutic effect of infliximab is widely acknowledged
clinically, but the relapse rate after discontinuation is high,
and the onset time is short, suggesting that patients with
severe active AS must continue treatment?4. Studies have
shown that patients receiving long-term infliximab therapy
still maintain stable body function and spinal activity?s. The
treatment time of this study is relatively conventional, but in
order to further confirm the clinical efficacy of infliximab, we
hope to change the treatment dose and continue to conduct
in-depth research on its long-term efficacy to provide
valuable references for clinical practice.

In summary, infliximab can significantly improve bone
status and has positive effect in AS patients. TNF-a and IL-33
are expected to be used as predictive indicators of AS efficacy.
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