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Rheumatoid arthritis (RA) is a multi-factorial 
chronic inflammatory disease, characterized 
by hyperplasia of synovial tissue and pannus 
formation, leading to joint deformity and 
dysfunction. As gaining a deep insight into 
the pathogenesis and treatment of RA, the 
combination of non-steroidal anti-inflammatory 
drugs (NSAIDs), disease modifying anti-rheumatic 
drugs (DMARDs) and biologics has improved 
treatment effects of RA. However, there are still 
some RA patients who do not respond to these 
drugs. In such cases, it is difficult to control 
disease activity and progressive joint damage and 
dysfunction. Patients who have received formal 
and full course of treatment (such as combination 
therapy of two or more DMARDs for over half 
a year) without reported improvement in the 

condition, or recurrent condition or appearance 
of progressive joint destruction, are referred to 
as having refractory rheumatoid arthritis (RRA).1 
Multiple factors may contribute to RRA, including 
multiple drug resistance,2,3 risk factors affecting 
prognosis, complications, chronic viral infections 
and resistance to apoptosis in fibroblast-like 
synoviocytes and inflammatory cells. Survivin is 
a new human gene encoding a structurally unique 
inhibitor of apoptosis proteins (IAP), apoptosis 
inhibitor, and plays an important role in the 
hyperplastic growth of tissues and tumors. Since 
synovial hyperplasia in RA is similar to a locally 
invasive tumor, many studies have showed the 
involvement of survivin in RA pathogenesis,4 
however, there is no report about whether the 
expression of survivin is associated with RRA. 

Objectives: This study aims to investigate whether the expression of survivin is associated with refractory rheumatoid arthritis (RA) among Chinese 
patients.
Patients and methods: We evaluated the expression of survivin in serum and synovial tissues in 60 patients of RA and 20 healthy controls. 
Rheumatoid arthritis patients were divided into three groups: 20 patients in the untreated group, 20 patients in the treatment-responsive 
group and 20 patients in the treatment refractory group. Serum concentrations of survivin in four groups were measured by enzyme-linked 
immunosorbent assay. Clinical features and laboratory test results including disease duration, complete blood count, erythrocyte sedimentation 
rate, C-reactive protein, rheumatoid factor and anti-cyclic citrullinated peptide antibody were recorded. Expression levels of survivin in synovial 
tissue of all 51 samples were tested by immunohistochemical technique.
Results: The survivin level was significantly higher in the refractory group than healthy controls (270.04±23.03 pg/ml vs. 116.68±19.07 pg/ml, p<0.05) 
and treatment-responsive group (270.04±23.03 pg/ml vs. 127.37±11.42 pg/ml, p<0.05). The survivin level in refractory RA patients was positively 
correlated with the Disease Activity Score 28. Immunohistochemical analysis revealed that survivin expression was significantly higher in the 
synovial tissues of refractory RA patients compared to treatment-responsive patients and healthy controls.
Conclusion: The results of this study showed that survivin is overexpressed in refractory RA patients and the serum survivin level is correlated with 
disease activity.
Keywords: Refractory rheumatoid arthritis; surviving; apoptosis.
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The aim of this study was to evaluate the 
association between the expression of survivin 
and RRA in the Chinese Han race group.

PATIENTS AND METHODS

The experimental protocols used in this study 
were approved by the local ethics committee, 
and a written consent form was obtained from 
each patient included in this study. According 
to the 1987 criteria of the American College of 
Rheumatology (ACR), we enrolled 60 patients 
with RA, who were recruited from the outpatient 
and inpatient units of the Department of 
Rheumatology, in the Second Xiangya Hospital 
of Central South University. These patients were 
divided into three groups: 20 patients with early 
untreated group RA, 20 patients with good 
response to therapy, which was the RA treatment 
effective group according to the remission criteria 
of the ACR20, and 20 patients with bad response 
to therapy, those who had RA over one year and 
treated by DMARDs over half-year but with a still 
active disease. Furthermore, 20 healthy controls 
were participated in this study. All participants 
were from the Han race of China. The latter 
two groups of RA patients were treated by only 
two DMARDs (methotrexate 10 mg/week and 
leflunomide 20 mg/day) and NSAIDs (celecoxib 
200 mg as necessary) without glucocorticoids or 
biologics.

We collected and analyzed following 
demographic and clinical data of all participants 
from the medical records, which including age, 
sex,  duration of disease, Disease Activity Score 
28 (DAS28), erythrocyte sedimentation rate 
(ESR), C-reactive protein (CRP), rheumatoid factor 
(RF) and anticyclic citrullinated peptide antibody 
(ACPA).

Five milliliter blood samples of all participants 
were obtained from the cubital vein and directly 
were transferred into serum tubes. The serum 
was centrifuged at 3,000 rpm for five min, 
aliquoted, and stored at -80 °C until use. Then, 
we determined the survivin levels by a sandwich 
enzyme-linked immunosorbent assay (ELISA) 
using a pair of matched antibodies (Human 
survivin ELISA; R&D Systems, USA, lot 296759). 
Briefly, 96-well polystyrene dishes were coated 
with capture antibodies and were left overnight 

at room temperature. Following washing, plates 
were blocked with phosphate buffered saline-
bovine serum albumin (PBS-BSA) containing 
5% sucrose. Matched samples of serum were 
introduced into the parallel strips at a dilution 
of one in 10 in PBS-BSA. The horseradish 
peroxidase-labelled detection antibodies and the 
corresponding substrate were used for color 
development. Double-wave reading at 450 and 
570 nm was used and the difference of absorbance 
was calculated. Finally, we compared the obtained 
absorbance values with the serial dilution of 
recombinant survivin and presented as picograms 
per milliliter (pg/ml).

Fifty-one synovium samples were obtained 
from the 60 RA patients and the trauma joints 
of the 20 healthy control group, following joint 
replacement surgery or synovectomy. Specimens 
were fixed in 10% neutral-buffered formalin 
(pH 7.4) at 4 °C for 24 hours and embedded in 
paraffin. Four-micrometer thick tissue sections 
were used and dewaxed in xylene and rehydrated 
through decreasing concentrations of ethanol and 
water. Immunohistochemical staining for survivin 
expression was carried out using a standard 
immunoperoxidase technique (ABC-method). 
All slides were warmed up for 35 min to a 
temperature of 55 °C for dewaxing, boiled in 
10 mM citrate buffer (pH 6.0) by microwave 
treatment (600 W) for 20 min for demasking 
the antigens. All stainings were performed in 
cover slides in combination with the prepared 
slides; K562 cells as positive control and one 
negative control were included. Once the slides 
with endogenous peroxidase  was  immersed  
in methanol with 0.03% hydrogen peroxide for 
12 min, endogenous peroxidase activity was 
blocked. The primary antibody was incubated 
for 30 min at a temperature of 37 °C (dilution 
1:200, GTX100052, USA). After washing with 
PBS-buffer, the secondary antibody was applied 
at room temperature for 12 min. The staining 
for survivin was visualized with the DAB kit 
(Beijing Zhong shan Golden Bridge Biotechnology 
Co., Ltd). The specimens were counterstained 
with hemalum. The stained specimens were 
viewed at an objective magnification of x200 and 
x400 by three investigators.

Cells stained brown were considered positive. 
With 50 cells per field, at least four fields were 
randomly observed under high magnification. 
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The percentage of positive cells in total cells were 
calculated. Staining results were divided into: 
(i) negative (-), no significant difference between 
cell color and the background. (ii) Weakly positive 
(+), positive cells <10%. (iii) Positive (++), positive 
cells account for 10% ~50%. (iv) Strongly positive 
(+++), positive cells >50%.

Statistical analysis

All data were performed by the SPSS for 
Windows version 16.0 software program (SPSS 
Inc., Chicago IL, USA). Measurement of data which 
met normal distribution were expressed as mean 
± standard deviation. The skewness distribution 
was expressed as median (interquartile spacing); 
Two arbitrary sets of independent sample t-test or 
analysis of variance were used for the comparison 
of measured data for normal distribution, and 
homogeneity of variance; The two independent 
samples, Wilcoxon rank test or Kruskal Wallis 
H tests were used for skewness distribution or 
ordinal data, when the variance was not neat. The 
Kruskal Wallis H test was found to be statistically 
significant, and the Nemenyi method was used 
to compare the two groups. Comparison of 
count data between the two groups was made 
by the Chi-square test, and the Fisher's exact 
probability method. On the other hand, single 
factor analysis of variance (one-way ANOVA) was 

used for comparing multiple sample means, and 
the overall sense of variance analysis, for least 
significant difference (LSD) pairwise comparison; 
Pearson correlation was used for analysis of serum 
levels of survivin and the correlation between 
clinical and laboratory data. The inspection level 
for alpha=0.05.

RESULTS

The clinical and demographic characteristics of 
the patients are presented in Table 1 and 2. 
There was no statistically significant differences 
in sex, age, among the four groups (p>0.05), but 
the duration of disease in refractory group was 
statistically significant longer compared to the 
healthy control group, t= -2.06, p<0.05.

The ELISA test was used to measure survivin 
levels in the serum samples obtained from 
RA (n=60) patients and healthy control group 
(n=20). The levels of serum survivin in the early 
untreated group were significantly higher than 
in the healthy control group (257.18±17.32 
vs. 116.68±19.07 pg/ml, p<0.05) and 
treatment effective group (257.18±17.32 
vs.127.37±11.42 pg/ml, p<0.05). The levels 
of serum survivin in the refractory group 
were significantly higher than in the 

Table 2. Laboratory test results in the untreated group, the treatment effective group and refractory group

White blood cell (x109/L) 7.73±3.98 6.23±2.18 6.47±2.00 0.21
Rheumatoid factor (IU/ml) 218.50±110.34 223.45±92.56 246.10±92.70 0.64
Erythrocyte sedimentation rate (mm/h) 60.65±37.26 18.75±9.19 89.85±37.66 0.00
C-reactive protein (mg/l) 31.08±13.55 11.86±6.52 57.97±21.79 0.00
Anti-citrullinated protein antibodies (IU/ml) 437.70±102.92 104.90±45.30 634.50±238.04 0.00

 Early untreated group Treatment effective group Refractory group p

Table 1. The clinical characteristics of the patients and the healthy control group

Sex
Male 11 55  5 25  8 40  4 20
Female 9 45  15 75  12 60  16 80

Age (year)   49.65±10.06   52.35±13.48   48.20±10.86   54.70±13.19 0.48
Duration of disease
(month)   –   51.30±54.12   62.40±50.14   85.35±50.33*

SD: Standard deviation; The sex distribution of every group uses chi-square test, both side p>0.05; comparison between early untreated group and the refractory 
group, t= -2.060, p<0.05.

 The healthy control Early untreated Treatment effective Refractory
  group (n=20) group (n=20) group (n=20) group (n=20)

 n % Mean±SD n % Mean±SD n % Mean±SD n % Mean±SD p

0.29
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healthy control group (270.04±23.03 
vs. 116.68±19.07 pg/ml, p<0.05) and 
treatment effective group (270.04±23.03 
vs.127.37±11.42 pg/ml, p<0.05). Survivin 
levels did not differ significantly between the 
early untreated group of patients and the 
refractory group (Table 3, Figure 1).

The relationship between serum survivin level 
and clinical characteristics and laboratory test was 
evaluated in RA groups. In early untreated group, 
serum survivin levels were positively correlated 
with CRP (r=0.76, p=0.00), but no significant 
correlations were found between survivin levels 
and age, duration of disease, RF, WBC, ESR and 
ACPA. In the refractory group, serum survivin 
levels were positively correlated with DAS28 
(r=0.68, p=0.00) (Figure 2a), ESR (r=0.82, 
p=0.00) (Figure 2b) and ACPA (r=0.93, p=0.00). 
No significant correlations were found between 

survivin levels and age, duration of disease, 
RF, WBC, CRP (p=0.80, 0.13, and 0.50, 0.75, 
0.65, respectively). There were no significant 
correlations between serum survivin levels and 
ESR, CRP, ACPA and other clinical characteristics 
in the treatment effective group.

Fifty-one synovial tissues were obtained from 
60 patients with RA and 20 patients of the control 
group and were stained by immunohistochemical 
staining methods. The positive cases of expression 
of survivin in synovial tissue from the early untreated 
group was significantly higher than in the controls 
(Chi-square=11.18, p=0.00) and the effective 

Table 3. The levels of survivin in the serum among the 
rheumatoid arthritis patients and the healthy control 
group

The healthy control group 20 116.68±19.07
Early untreated group 20 257.18±17.32*#
Treatment effective group 20 127.37±11.42
Refractory group 20 270.04±23.03*#

* Comparison with the healthy control group, p<0.05; # Comparison with 
treatment effective group, p<0.05.

Groups Cases Levels of survivin in the
  serum (pg/ml)

Figure 1. The levels of survivin in the serum among 
the rheumatoid arthritis patients and the healthy control 
group. * p<0.05.
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Figure 2. (a) The levels of serum survivin are positively correlated with disease activity score 28 (DAS28). (b) The 
serum survivin levels are positively correlated with erythrocyte sedimentation rate (ESR) in refractory rheumatoid 
arthritis patients.
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group (Chi-square=6.75, p=0.04). The positive 
cases of expression of survivin of the refractory 
group was significantly higher than the treatment-
effective group (Chi-square=7.10, p=0.03) and the 
controls (Chi-square=13.93, p=0.00). There was no 
significant difference between the refractory group 
and the early untreated group (Chi-square=0.31, 
p=0.86). Expression of survivin in synovial tissues 
from the four groups are shown in Figure 3a-d. 
The positive and negative controls are shown in 
Figure 3e, f. The positive cases of each group are 
shown in Table 4, 5.

DISCUSSION

Refractory rheumatoid arthritis is a challenging 
problem in clinical practice with an underlying 
complex disease mechanism.5 Some evidences 
have pointed out that resistance to apoptosis is 
one of the most important factors that affects 
the effectiveness of RA therapy.6 Survivin is the 
strongest apoptosis factor ever found among IAP 
family. According to the studies,7-8 one of the 
different features of survivin which distinguishes 
from the general structure of mammalian IAPs 

Figure 3. Immunohistochemical stain of survivin in synovial tissue of rheumatoid arthritis 
and the controls. (a) The healthy control group (x400). (b) The early untreated group (x400). 
(c) The treatment effective group (x400). (d) The refractory group (x400). (e) The positive 
control of K562 (x400). (f) The negative control of the inflamed synovia (x400).
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(c)

(e)

(b)

(d)

(f)
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is the lack of a C-terminal RING finger domain 
and a caspase recruitment domain. Furthermore, 
survivin has important implications for the 
pathogenesis of RA and high expression of 
survivin is involved in a poor prognosis in RA 
patients. In an observational study carried out 
during five consecutive years, Svensson et al.,9 
demonstrated that the higher the expression of 
survivin in mononuclear cells, the more serious 
was the joint erosion. Bokarewa et al.4,10 found 
that survivin levels from RA synovial fluid were 
significantly higher in patients with joint damage 
than in patients without joint damage; DMARDs 
can lower the survivin level in synovial fluid. Ahn 
et al.11 pointed out that survivin expression in 
highly erosive joints was significantly higher than 
in non-erosive joints, and was also significantly 
higher than in osteoarthritis patients. In addition, 
survivin expression level was positively correlated 
with disease activity. These aforementioned 
studies show that survivin expression is strongly 
related to bone erosion in RA.

In our study, we found that there was an 
overexpression of survivin in serum and synovial 
tissues in RA patients compared with the controls, 
suggesting that survivin may be involve in the 
pathogenesis of RA. Furthermore, our result 
also showed that survivin expression in the 
early untreated group was significantly higher 
than in the treatment effective group, suggesting 
that methotrexate and leflunomide may inhibit 
the expression of survivin, thereby promoting 
apoptosis of synovial cells. Survivin expression in 
the refractory group was significantly higher than 
in the treatment effective group and the control 
group, and was also found to be higher than 
the early untreated group, although statistically 
insignificant. We suggest that bone erosion may 
be associated with high expression of survivin, 
which inhibits procedural apoptosis of synovial 
cells and promote abnormal synovial hyperplasia 

and pannus formation. Survivin may be implicated 
in RRA.

Moreover, we also found that serum survivin 
levels in refractory group patients is associated 
with disease activity, probably because survivin 
mainly inhibits the activity of caspase-3 and 
caspase-7 the terminal effector of apoptosis, or 
interferes in the activity of caspase-9, blocking 
the common pathway of cells apoptosis induced 
by a variety of stimuli, and leading to apoptosis 
tolerance, with disease activity becoming 
uncontrollability. In our study, the serum survivin 
levels were also found to be correlated with 
ACPA in the refractory group. However, there 
was no relationship in other groups, which may 
be due to the fact that overexpression of survivin 
in RRA patients prolongs survival time of 
synoviocyte and lymphocytes, maintaining their 
activation and infiltration, more easily leading to 
apoptosis tolerance and bone erosion, as ACPA 
is an important predictor of bone erosion.12 In 
addition, there are three NF-kB binding points 
in the promoter region of the survivin gene, 
which can activate nuclear factor NF-kB through 
tumor necrosis factor receptor-mediated signal 
transduction, thus reducing the role of NF-kB in 
protein inhibition, so that the cells are free from 
apoptosis.13 The basic therapeutic drugs of RA 
such as methotrexate are not only DMARDs, but 
also antineoplastic drugs. Inflammatory synovium 
of RA is characterized by active growth, quick 
metabolism, and aggressive growth, which is 
very similar to the characteristics of tumors.

Our study is the first study to report the 
overexpression of survivin in RA patients, 
particularly in RRA of the Chinese Han race 
population, and the serum survivin level which 
was found to be correlated with disease activity. 
Although the exact mechanism of the high 
levels of survivin in RRA has not been well 

Table 5. The multiple comparison results of positive 
cases

The healthy control and early untreated group 11.18 0.00
The healthy control and treatment effective group 0.68 0.71
The healthy control and refractory group 13.93 0.00
Early untreated and treatment effective group 6.75 0.04
Early untreated and refractory group 0.31 0.86
Treatment effective and refractory group 7.10 0.03

Comparison among groups Chi-square p

Table 4. The positive cases of survivin in the rheumatoid 
arthritis patients and the healthy control group

The healthy control group 9 9 0 0 0
Early untreated group 18 4 6 6 2
Treatment effective group 8 6 1 1 0
Refractory group 16 3 4 6 3

 Survivin

Groups Cases – + ++ +++
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understood, there are some reports suggesting 
that survivin can regulate interleukin-6 and 
recruit inflammatory cells, which lead to an 
aggrevated inflammatory synovitis and joint 
destruction in RA.11 Hence, we suggest that 
high levels of survivin may be one of the causes 
leading to RRA. In addition, we assume that 
long-term use of methotrexate in RA patients 
will inhibit the proliferation of activated T 
lymphocytes and activate NF-kB at the same 
time to increase the expression of survivin, 
which leads to apoptosis resistance of the target 
cells during the treatment process when some 
patients become refractory. Therefore, down 
regulation of survivin expression may offer a new 
approach to overcome RRA.
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