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Pathologic finding of increased expression of  
interleukin-17 in the synovial tissue of  
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Abstract: Rheumatoid arthritis (RA) is a common autoimmune disease of chronic systemic inflammatory disorder 
that will affect multiple tissues and organs such as skin, heart or lungs; but it principally attacks the joints, produc-
ing a nonsuppurative inflammatory and proliferative synovitis that often progresses to major damaging of articular 
cartilage and joint ankylosis. Although the definite etiology is still unknown, recent studies suggest that T-helper 
cells (Th17) may play a pivotal role in the pathogenesis of RA. And interleukin-17 (IL-17), which is a cytokine of Th17 
cells, may be a key factor in the occurrence of RA. The binding of IL-17 to specific receptor results in the expression 
of fibroblasts, endothelial and epithelial cells and also synthesis of several major factors such as tumor necrosis 
factor alpha (TNF-α), IL-1β that result in the structural damage of RA joints. Though some previous studies have 
shown that IL-17 exists in the synovium of RA, few has definite proof quantitatively by pathology about its existence in 
synovial membrane. This study comprised of 30 RA patients and 10 healthy control, pathologic study of the synovial 
membrane showed increased expression of IL-17 in the synovial tissue of RA patients, the intensity is compatible 
with clinical severity of disease as validated by DAS28 score and disease duration. Northern blot study also con-
firmed the increased expression of IL-17 in the synovial tissues. This study sheds further light that IL-17 may be a 
key factor in the pathogenesis of RA and a determinant of disease severity.
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Introduction

Rheumatoid arthritis (RA) is a complex, chronic 
autoimmune disease that associates with pro-
gressive disabling, major systemic complica-
tions, early death and increased socioeconom-
ic costs [1]. It is characterized by synovial tissue 
inflammation and hyperplasia, autoantibody 
production, cartilage and bone destruction and 
systemic features such as joint deformities, 
pulmonary, cardiovascular and dermatological 
disorders. 

RA involves a complex interplay among geno-
type, environmental factors and also by chance, 
twin studies showed that genetic factors carry 

concordance rates of 15 to 30% among mono-
zygotic twins and 5% among dizygotic twins [2]. 
The long established theory about the human 
leucocyte antigen (HLA)-DRB1 locus has been 
repeatedly confirmed in RA patients with posi-
tive rheumatoid factors (RF) [3].

RA causes a broad spectrum of morphological 
alterations which mainly locates at joints. 
Initially the synovial tissue becomes grossly 
edematous, which also has increased vascular-
ity, intimal lining hyperplasia, accumulation of 
macrophages, plasma B cells, dendritic cells, 
natural killer cells and mast cells in the sublin-
ing [4].
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Many previous studies have shown that multi-
ple cytokines such as TNF-α and the interleukin 
family such as IL-1, IL-6, IL-8, IL-18, etc., [5]; has 
been found to be related to the pathogenesis or 
disease severity of RA, but IL-17 has more evi-
dences to be one of the key factors [6-10]. In 
this report, we evaluated the pathology of the 
intensity of IL-17 expression in the synovial tis-
sue at cellular level of RA patients, and com-
pared with normal control. Although this pres-
ent study is not the only innovative finding 
about IL-17, it can shed more light that the 
importance of this cytokine and tailor specific 
and effective therapy. 

Materials and methods

This study was approved by the Shanghai Tongji 
University East Hospital institutional review 
board. All patients had given written informed 
consents. Four observers (N.L, J.Y.W, M.H.Z, 
and J.H.) evaluated the pathologic results.

Patient population

Over 300 RA patients were treated at the 
Department of Rheumatology of the East 
Hospital. Synovial tissues of 30 RA patients (9 
males and 21 females; mean age 50.2±16.8 
years; disease duration 73.8±49.6 months; 
DAS28 score 4.89±0.88 (3.89~7.41)) were 
obtained for pathologic studies when these 
patients received joint surgery. Control synovial 
tissue specimens were obtained during surgery 
for knee tear ligaments from 10 healthy 
patients. All the procedures were followed in 
accordance with the ethical standards of the 
Helsinki declaration of 1975, as revised in 
2008.

Pathologic study of synovial tissue 

Synovial membrane specimens were collected 
from 30 patients who had undergone joint sur-
gery with confirmed pre-operative diagnosis. 
Two to three pieces of tissues from knee joints, 
around 1 cm in size, were collected from area 
with less hemorrhage, were soaked in 4% poly-
oxyethylene solution, and covered for 24 hours. 
Specimens were fixed with 10% buffered for-
malin and embedded in paraffin wax, then were 
stained with Hematoxylin and Eosin for exami-
nation by light microscope. Histopathological 
parameters of synovitis were evaluated in 
accordance with established criteria [11, 12], 

and a histological score for each lesion was 
established according to previous studies [13, 
14]. Paraffin sections were analyzed randomly 
and the histological features scored in blinded 
fashion. This included blinding to the sequence 
of biopsies as well as patient identification. 

Immunohistochemical study

The procedure was referred from previous stan-
dard methods [14]. Thin sections from 30 RA 
patients and from 10 normal controls were ana-
lyzed for IL-17 synovium expression. Serial sec-
tions of 5-μm thickness were obtained from 
each paraffin-embedded block previously pre-
pared. The sections were dewaxed in xylene 
and rehydrated in graded alcohols. Heat 
induced epitope retrieval was performed by 
microwave at 650 W for 20 minutes and 30 
minutes cooling. These sections were then 
treated with 5% hydrogen peroxide in PBS for 
30 minutes and the nonspecific binding was 
blocked by incubating the slides for one hour 
with 5% BSA in PBS. As primary antibody was 
used rabbit polyclonal IL-17 in dilution 1:500 
and 18 hours incubation at 40 °C [15]. The 
visualization system that we used was a 
Streptavidin-Biotinperoxidase complex kit 
[Splink HRP Broad Spectrum (Ms./Rb.) kit, GBI, 
INC, USA] in accordance with the protocols rec-
ommended by the manufacturer. The signal 
was detected with 3,3’-diaminobenzidine (DAB-
GBI, INC, USA) and counterstaining was done 
with Hematoxylin. Quantitative immunohisto-
chemical assessment was targeted, we were 
just especially interested in the presence of the 
IL-17 reactivity in the synovial tissue. Images 
acquisition was done with 40× and 200× objec-
tives-Leica DM6000B microscope (Leica, 
Germany) equipped with a 5 megapixels 
CCDcamera and Nikon NIS-Elements software. 

Statistical analysis

Data are presented as mean±SD. Statistical 
analysis was performed using one-way analysis 
of variance (ANOVA) or the unpaired Student’s 
t-test. P values less than 0.05 were considered 
to be statistically significant.

Results

Pathologic changes of synovium of RA patients

HE staining was performed on the synovial 
membrane tissues collected from RA patients 
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and healthy people. Observation under 40× 
light microscope showed more neutrophil gran-
ulocytes infiltration in the synovial tissues of RA 
patients as compared to healthy control (Figure 
1) with concomitant local fibrous tissue prolif-
eration (arrows) (Figure 2). 

Synovial IL-17 immunohistochemical staining

IL-17 immunohistochemical staining was per-
formed. The expression of IL-17 in the synovial 
membranes of RA patients and healthy people 
was observed. IL-17 was primarily expressed in 
the cytoplasm and appeared to be brownish 
yellow under the light microscope after immu-
nohistochemical staining. The result was posi-
tive. The observation first took place under a 
low power (×40) light microscope on the area 
with a higher density of cells and then a high 
power (×200) light microscope. For each slide, 

five fields of view were selected and the num-
bers of stained positive cells in each field were 
counted. Results showed that there were 
63.8±23.5 cells expressing IL-17 in the synovial 
membranes of healthy control (Figure 3A) and 
there were 175.6±104.3 IL-17 stained positive 
cells in the synovial membranes of RA patients 
(Figure 3B). The IL-17 level was significantly 
higher in the synovial membranes of RA 
patients than healthy people (P<0.05). RA 
synovial IL-17 immunohistochemical staining 
showed more brownish yellow positively stained 
particles. The area pointed to by the arrow in 
the Figure 3B is IL-17 stained positive. 

Discussion

Rheumatoid arthritis (RA) has been known to 
be a chronic inflammatory disease character-
ized by the destruction of articular cartilage 

Figure 1. HE staining of synovial membrane of 
healthy people.

Figure 2. HE staining of synovial membrane of RA 
patients.

Figure 3. A, B. Synovial IL-17 immunohistochemical staining of healthy people and RA patients (brownish yellow 
color).
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and bone [15, 16]. The levels of monocyte-mac-
rophage-derived cytokines such as IL-1, IL-6, 
and soluble IL-6 receptor and IL-17 are all ele-
vated in the synovial fluids of RA patients.

In this study, we find that the expression of 
IL-17 in synovial tissue is significantly higher in 
those active RA patients when comparing with 
the normal controls. These results are consis-
tent with previous studies [17, 18]. There is 
other report suggested that IL-17 is also higher 
in osteoarthritis patients (OA) when comparing 
with normal people [19], but IL-17 is even high-
er in RA patients when comparing with OA 
patients. From the present data, we again find 
that the expression of IL-17 is significantly high-
er than OA patients (data not shown); that 
means, IL-17 expression is RA>OA>normal. 

IL-17 is a recently cloned cytokine, and it is 
secreted by activated memory CD4+ T cells 
and modulates the early stage of immune 
responses [20]. Rouvier et al. have cloned cyto-
toxic T lymphocyte-associated antigen-8 (rat 
IL-17) from a T-cell subtraction library [21]. 

In this study, we examined the expression of 
IL-17 in synovium from active RA patients, at 
the same time with serum and synovial fluid 
levels of IL-17. We demonstrated that IL-17 
expression was markedly higher in RA synovial 
tissue when comparing with normal controls, 
these results were consistent with previous 
studies [17, 18]. There is other report demon-
strated that IL-17 levels in synovial homoge-
nates were different in OA and normal synovial 
tissues [19]. There have been evidences also 
suggested correlation may be existing between 
IL-17 synovial tissue immunoreactivity and his-
tochemical-pathologic score, which was previ-
ously demonstrated as a predictor for disease 
activity and progression [13, 22]. Findings that 
are compatible with previous report that have 
already revealed that synovial tissue IL-17 
mRNA expression have been independently 
associated with progressive joint damage in RA 
[23]. Our study has also revealed increased 
mRNA expression of IL-17 in the synovial tissue 
of these Chinese patients (data not shown). 
Another former report has shown significant 
elevations of IL-17+ T-cells in synovial tissue, 
but only in patients with active RA, suggesting 
that IL-17+ T-cell numbers may vary with dis-
ease activity. The present study uniquely shows 
the elevation of cell numbers quantitatively in 

these RA cases. There is still lack of strong evi-
dence that IL-17 is the key determinant of RA 
etiology since studies regarding IL-17 in RA 
synovium are so varied, but this may be due in 
part to different demographics and treatment 
regimes in the RA patients. Actually, most of 
the studies regarding the etiologic role of these 
cytokines have been focused mainly on estab-
lished RA, these patients have been treated 
with a wide variety of DMARDs regimens, which, 
in combination with their impact on disease 
activity, could influence both IL-17 behavior and 
the correlations with other disease activity 
markers.

This study has a major limitation is that the 
number of RA patients receiving tissue study is 
relatively small, but our results are consistent; 
which can shed more light in the field of IL-17 as 
a causative role in the pathogenesis of RA.

In conclusion, thru histopathological investiga-
tion, this study again finds that the increased 
expression of IL-17 in the synovium of RA 
patients, which suggest that IL-17 may be one 
of the key factors in the etiology of RA.
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