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Inflammatory and fibrosis infiltration in synovium associated
with the progression in developmental dysplasia of the hip
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Abstract. Developmental dysplasia of the hip (DDH) is a
common musculoskeletal disorder characterized by progres-
sive joint soreness and limited mobility. The aim of the
present study was to investigate the pathological changes and
inflammatory infiltration in the hypertrophic synovium of the
hip joint associated with the progression of DDH. Synovial
biopsies in the hip joint are obtained from patients with
moderate DDH and severe DDH during surgery. These biop-
sies are processed for histological and immunohistochemical
(IHC) analysis and investigation of the pathological processes
in a synovium, including types of inflammatory cell infiltra-
tion, synovial angiogenesis and fibrosis, neuron endings and
neuropeptide invasion. Correlation analysis was performed
between the mean optical density (MOD) of each antibody,
and Harris hip score (HHS) and visual analogue score (VAS)
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using the Spearman correlation test. Chronic inflammation
in the synovium was observed via the positive IHC staining
of inflammatory cells, such as T cells, B cells, macrophages
and leukocytes. Excessive staining of vimentin and o smooth
muscle actin in the synovium of severe DDH represented
significant fibrosis and angiogenesis. These targets were also
significantly correlated with HHS in severe DDH. The MOD
levels of CD68 (indicators of macrophage) indicated apparent
correlations with HHS and VAS in patients with severe DDH.
The labels of nerve fibers and pain transmission indicators were
as follows: Neurofilament-200 and substance P. Calcitonin
gene-related peptide was upregulated in the synovium of
severe DDH in contrast to that in the synovium of moderate
DDH. The MOD levels of NF-200, SP and CGRP were
correlated with VAS in severe DDH. The pathology of DDH
includes chronic inflammatory cell infiltration corresponding
with nerve fibers and fibroblastic proliferation, which might
contribute to arthritis progression and joint soreness in DDH.

Introduction

Developmental dysplasia of the hip (DDH), formerly known as
congenital dysplasia of the hip (CDH) affects 1-5%o babies in
China and has a female-to-male ratio of 4-10:1 (1,2). Shallow
acetabulum, slacking joint capsule, and narrowing joint space
are the main anatomical features of DDH, which result in
chronic pain, joint stiffness, synovial inflammation, and
hyperplasia in fossa acetabuli.

As the hallmark symptom of DDH, the pain experience is
well-recognized as typically transitioning from an intermittent
weight-bearing pain to an increasingly persistent and chronic
pain around the hip joint. Besides, the characteristic pain in
DDH is increasing restriction of active and passive movement.
The hip joint becomes stiff with the progression of DDH, and
this stiffness is usually observed in the later stage of DDH and
worsens with the progression of osteoarthritis (OA).

Previous theories demonstrated that the initial hip pain
in OA is mainly derived from acetabular labral lesions (3-5),
followed by the infiltration of sensory neurons into the
synovium and labrum (6,7). However, OA is a multifactorial
inducing disease, which is not commonly believed as mainly
secondary from the progress of DDH. Additionally, the devel-
opment of OA is usually a long history, but the phenomenon
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of many young adult patients with moderate DDH (slight
pain and joint restriction) (Fig. 1A) developing into severe
DDH (acute pain and joint dysfunction) (Fig. 1B) within a
few years was frequently observed in clinic, which is not the
characteristic process of OA. Therefore, this phenomenon
prompts us to investigate the underlying pathologic changes
during the development of DDH. As we know, moderate
or severe DDH is characterized by cartilage degeneration,
synovial hyperplasia, subchondral sclerosis, inflammation
and osteophyte formation. So we speculated that immune
cells and inflammatory cells are derived from two aspects:
Peripheral blood and subchondral bone. On the one hand, the
abnormal stress may promote subchondral bone to release
chemotaxis signals. T cells, B cells, macrophages induced
by the signals migrate to hip joint synovium. Inflammatory
mediators are secreted by the cells into the hip joint cavity,
causing the destruction of articular cartilage. On the other
hand, the abnormal stress of subchondral bone force the
immune cells and stem cells which come from the bone
marrow to move to osteochondral junction. Chemokines and
MMPs are released and cause osteochondral destruction.
The aim of this study is mainly to observe the pathological
changes and inflammatory infiltration in the hypertrophic
synovium of hip joint associated with the progression of
DDH and to investigate the effect of synovial hyperplasia on
cartilage degeneration.

Synovial membrane inflammation in OA is usually
secondary to adjacent cartilage degradation and characterized
by angiogenesis, invasion of immune cells and pro-inflam-
matory mediators. Mast cells are widely distributed around
the microvasculature of the articular synovium, skin and
visceral mucosa which can secrete a variety of cytokines and
are involved in immune regulation such as T cells, B cells and
APC cells activation. Synovial inflammation is correlated
with the severity and progress of OA and is also the main
cause of pain in patients with OA (8,9). Recently, research
on pain and stiffness in musculoskeletal disorders has been
advanced with histological and immunohistochemical (IHC)
analysis of synovium, which has been increasingly useful in
identifying pathological changes in vivo (10,11). Analysis of
synovial tissues in OA represents inflammatory changes and
neuron infiltration (12,13), whereas synovium from frozen
shoulders display not only inflammatory and angiogenesis
but also fibrosis and proliferative myelofibrosis (14,15).
Undoubtedly, considerable cytokines might become involved
in the development of DDH, but the pathology of this process
remains unclear, especially in different stages of DDH. Thus,
the purpose of this study is to identify the cell type involved
in synovium of DDH by using novel IHC analysis and anti-
bodies and improve our understanding of pathophysiologic
progression in DDH.

Materials and methods

Patients and biopsies. This study was carried out in accor-
dance with the Declaration of Helsinki and was approved by
the ethics committee of Xinhua Hospital affiliated to Shanghai
Jiao Tong University School of Medicine. The samples obtained
from the operations were prepared for testing purposes only
and with the approval and signed consent of the patients.
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The clinical biopsies used in this study were obtained from
patients who accepted surgical treatments in our institution
between November 2013 and December 2014. The patients
with DDH involved in this study were divided into two groups
according to their clinical diagnoses and severities (16). A
total of 45 patients (F/M=38/7, mean age=26.5 years) with
DDH (Crowe: I-IT) and grade 2 or less OA of K-L classification
(Kellgren and Lawrence Scale) were set as the moderate DDH
group. A total of 35 patients (F/M=27/8, mean age=29.6 years)
with DDH (Crowe: I-IT) and grade 3-4 OA of K-L classification
were set as the severe DDH group. The degrees of hip joint
dislocation and the severities of OA were divided according to
the classification of Crowe and the grade of K-L, respectively,
in clinic (17,18). Clinical and laboratory data for the entire
groups are presented in Table I. Variables, such as erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP), were
measured by a standard clinical technology. The patients in two
groups were matched according to gender and age and absence
of systemic disease.

The diagnosis of DDH was based on the standard antero-
posterior radiograph of hip with a sharp angle of <45° and a
center edge angle (CEA) of <20° (19,20). The patients with
moderate DDH received operation of periactabular osteotomy
(PAO), whereas those with severe DDH underwent total hip
arthroplasty (THA). The hyperplasia synovium was extracted
from the inner wall of the joint capsule when we opened the
joint capsule during the operation.

IHC analysis. Synovial specimens obtained from these
patients during the operation were immediately cut into pieces
of 1 cm® and immersed in 4% paraformaldehyde for 24 h, then
washed, dehydrated with a graded series of alcohol solutions,
and finally embedded in paraffin for 24 h. The blocks were cut
into 5 ym sections with a Leica microtome (RM2255; Leica
Microsystems GmbH, Wetzlar, Germany) and were mounted
on anti-off slides (no. 4951PLUS; Thermo Fisher Scientific,
Inc., Waltham, MA, USA).

The slides were stained with hematoxylin and eosin
for histological analysis. After citrate antigen retrieval and
peroxidase inactivation treatment, immunohistochemistry was
performed with antibodies directed against CD45 (Leukocyte
common antigen; LCA), CD3 (T cells), CD20 (B cells), CD68
(macrophages), neurofilament-200 (NF-200; neural marker),
mindbomb homolog 1 (MIB1) (proliferative cell markers),
substance P (SP; neuropeptides), calcitonin gene-related peptide
(CGRP; neuropeptides), vimentin (fibroblasts), o smooth
muscle actin (a-SMA; myofibroblasts), and mast cell tryptase
(mast cells). The slides were rinsed in phosphate buffer saline
(3x5 min) and incubated with biotinylated secondary antibody
(Dako, Ely, UK). Finally, 3'-diaminobenzidine tetra-chloride)
was used for the visualization of immunoreactions.

The images of the microscopic fields were captured by a
camera (DEI750; Optronics Engineering, Goleta, CA, USA)
attached to the microscope. In each biopsy, two slides were
obtained at different depths, and eight microscopic fields
from each slide were photographed and analyzed. Thus, in
every synovial sample, 16 microscopic fields were collected.
The mean optical density (MOD) levels were measured with
Image-Pro plus 6.0 (Media Cybernetics, Inc., Rockville, MD,
USA) as previously described (21). The results were expressed
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Figure 1. Radiographs of hip joint and H&E staining of synovium from
different DDH groups. Pelvic radiograph from (A) moderate DDH and
(B) severe DDH. (A) shows apparent joint space and mild osteoarthritis;
(B) shows narrow joint space and severe osteoarthritis. (C and D) H&E
staining of synovium slides. Magnification, x200. DDH, developmental
dysplasia of the hip; H&E, hematoxylin and eosin.

as the positive staining density in relation to the total area of
each microscopic field.

All these slides were detected under light microscopy, and
the presence of labeled cells is documented and tabulated in
Table II. The absence of staining was documented as a nega-
tive result (-), and the presence of staining was noted as a
positive result (+) by using a scale based on the number of cells
per high-power field (x400), (+), 1 to 4; (++), 5 to 10; (+++),
>10; and (++++), >100 (14).

Statistics. The results in Table I are expressed as
mean + standard deviation (SD). The comparisons the between
moderate and severe DDH groups with respect to the MOD
levels of each antibody in the synovium were preformed using
the Mann-Whitney U test. Graphpad software (version 5.01;
GraphPad Software, Inc., La Jolla, CA, USA) was used. A
P<0.05 was considered to indicate a statistically significant
difference. The correlations analyses were performed with
Spearman rank correlation test. A two-sided P-value <0.01
was statistically significant.

Results

Imaging, histological and IHC analysis. Pelvic radiograph
illustrate the morphology of the femoral head and the
acetabulum of the patients with moderate DDH to severe DDH
(Fig. 1A and B). Histological analysis of the synovial tissue
revealed evidence of varied degrees of chronic inflammation,
the hyperplasia of synovial layers, and infiltration of inflam-
matory cells (Fig. 1 and Table IT) during the process from
moderate DDH to severe DDH.

The immunohistochemistry stains showed macrophage
infiltration and proliferation of inflammatory cells through
the special positive staining of CD68 (macrophage), CD3 (T
cells), CD45 (LCA), CD20 (B cells), and mast cell tryptase
(mast cells). The result of THC staining implied that the CD68
expression in the synovial tissue of severe DDH was higher
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Table I. Data and clinical details of patients and normal people
recruited in this study.

Characteristics Moderate DDH Severe DDH
Number 45 35
Ages 26.5+6.1 29.6+4.9
Female/Male 38/7 27/8
BMI (kg/m?) 22.8+1.9 22.8+2.5
Durations (years) 4.6x1.5 3.8+2.1
CRP (mg/l) 9.9+3.1 9.8+34
ESR (mm/1st h) 19.1£3.9 20.7+6.1
Harris hip score 67.7+8.2 57.4+8 4*
Visual analogue score 4.1+0.7 4.4+09

BMI, body mass index, CRP, C-reactive protein, ESR, erythrocyte
sedimentation rate. Data are given as mean + standard deviation.
“P<0.05, compared to data in moderate DDH.

than that of moderate DDH (Fig. 2A-C). CD3 expression was
no significant difference between moderate DDH and severe
DDH (Fig. 2D-F). The positive targets were indicated with
fulvous staining in each figure. The observation of nerve fibers
was also confirmed by staining NF-200 (Fig. 3A and B), and
the MOD of NF-200 in severe DDH was higher than that in
moderate DDH (Fig. 3C). Excessive staining with vimentin,
a biomarker of fibroblast, indicated that the fibroblast had
an overwhelming proportion in the synovial tissues affected
by severe DDH (Fig. 3D and E). The trend of vimentin coin-
cided with NF-200 (Fig. 3F). CD20, CD45 are respectively
biomarker of B cells and leukocytes. The increased expres-
sion of CD20, CD45 protein in the synovial tissue of patients
experiencing moderate DDH or severe DDH was detected
by IHC staining (Fig. 4A-F). The results indicated chronic
inflammatory cells infiltration. IHC staining showed that the
expression of mast cell tryptase in the synovial tissue of severe
DDH was lower than that of moderate DDH (Fig. SA-C). IHC
staining showed that the expression of mast cell tryptase in the
synovial tissue of severe DDH was lower than that of moderate
DDH (Fig. S5A-C). Moreover, strong positive staining of MIB1
also illustrated that the active proliferation status of fibroblast
(Fig. 5D-F). a-SMA (smooth muscle cell and myofibroblast
markers), which symbolized the proliferation of microvascular
and myofibroblast (Fig. 5G-I) suggest excessive vasculariza-
tion and fibrosis in the synovium of severe DDH compared
with moderate DDH. Additionally, in severe DDH, staining
of SP and CGRP in synovium were significantly up-regulated
compared with those in moderate DDH (Fig. 6A-F), indicating
the involvement of neuropeptides into the synovium during the
development of DDH.

Comparisons of MOD levels of each targets between moderate
DDH and severe DDH. The results of MOD analysis, particu-
larly those performed on CD68 (Fig. 2C), NF-200 (Fig. 3C),
vimentin (Fig. 3F), CD45 (Fig. 4C), CD20 (Fig. 4F), a-SMA
(Fig. 5F), SP (Fig. 6C), and CGRP (Fig. 6F), presented increase
in severe DDH and not in moderate DDH, and these results
coincided with the results of the comparisons among the
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Table II. Results for immunocytochemical staining of biopsy material from the DDH.

Result®

Antibody moderate Cell type severe Moderate Severe
DDH DDH DDH DDH Number of patients positive
CD3 T cells + ++ 30/45 29/35
CD20 B cells + +++ 28/45 31/35
CD45 Leukocytes ++ +++ 38/45 34/35
CD68 Macrophage + ++ 34/45 30/35
NF-200 Neural fiber + ++ 37/45 33/35
Vimentin Fibroblasts 4+ -+ 43/45 34/35
MIB-1 Proliferating cells +++ +++ 44/45 31/35
o-SMA Myofibroblasts + +++ 34/45 35/35
Mast cell tryptase Mast cells ++ ++ 38/45 26/35
Neuropeptides

SP + ++ 33/45 33/35

CGRP + ++ 38/45 32/35

“Result, number of cells counted per high-power field x400; -, none; +, 1 to 4; ++, 5 to 10; +++, >10; ++++,>100. a-SMA, a-smooth muscle
actin; MIB1, mindbomb homolog 1; SP, substance P; CGRP, calcitonin gene-related peptide.
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Figure 2. (A-F) Immunohistochemical staining and MOD analysis. (A, B, D and E) Immunohistochemical staining of CD68 and CD3 in synovium between
moderate and severe DDH group. (A and B) Magnification: x400, (D and E) magnification: x200. (C and F) Comparisons of MOD levels of CD68 and CD3 in
immunohistochemical staining between different groups. ‘P<0.05 compared with moderate DDH. MOD, mean optical density; DDH, developmental dysplasia

of the hip.

targets in IHC. However, mast cell tryptase (Fig. 5C), indica-
tors of mast cell, presented significant decreased MOD levels
in synovial of severe DDH compared with that in moderate
DDH. And, the MOD levels of CD3 and MIBI in these groups
revealed approximative results with no significant difference
(Fig. 2F and Fig. 5I). In addition, the presence of labeled cells
is documented and tabulated in Table II.

Correlation tests of MOD levels of each antibody with Harris
hip score (HHS) and visual analogue score (VAS) in patients

between different groups. In correlation detection (Table III),
significant correlations were observed in moderate DDH:
CD45/VAS: r=0.555,P<0.01; Vimentin/HHS: r=-0.368,P<0.01;
MCT/VAS: r=0.571, P<0.01. The following correlations were
observed in Severe DDH group: CD68/HHS: r=-0.669, P<0.01;
NF-200/VAS: r=0.421, P<0.01; CD68/VAS: r=0.518, P<0.01;
a-SMA/HHS: r=-0.541, P<0.01; Vimentin/HHS: r=0.479,
P<0.01. Additionally, neuropeptides: SP/VAS: r=0.433, P<0.01;
CGRP/VAS: r=0.455, P<0.01 were also observed in the severe
DDH group.
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Figure 3. (A-F) Immunohistochemical staining and MOD analysis. (A, B, D and E) Immunohistochemical staining of NF-200 and Vimentin in synovium
between moderate and severe DDH group. (A and B) Magnification: x400, (D and E) magnification: x200. (C and F) Comparisons of MOD levels of NF-200
and Vimentin in immunohistochemical staining between different groups. "P<0.05 compared with moderate DDH. MOD, mean optical density; DDH, devel-

opmental dysplasia of the hip.
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Figure 4. (A-F) Immunohistochemical staining and MOD analysis. (A, B, D and E) Immunohistochemical staining of CD45 and CD20 in synovium between
moderate and severe DDH group. (A, B, D and E) Magnification: x400. (C and F) Comparisons of MOD levels of CD45 and CD20 in immunohistochemical
staining between different groups. "P<0.05 compared with moderate DDH. MOD, mean optical density; DDH, developmental dysplasia of the hip.

Discussion

DDH is a major predisposing factor for hip OA and can be
caused by improper loadings on hip joints. Owing to this
reason, normal load-bearing regions in dysplasia hips,
particularly articular cartilage, labrum, and synovium, are
subjected to alterative mechanical overload. Among these
components, the synovium in the hip joint has been widely
acknowledged as the inflammation origin and an initial factor
of arthritis progression in OA (22,23). Therefore, considering

the abnormal mechanical environment of synovium from
DDH, we deemed investigating the biological appearance of
synovium from DDH in vivo necessary.

Although the application of IHC method in pain research
in vivo has been widely acknowledged (24,25), limited
progress has been made in identifying the mechanisms of
inflammatory progress of hip joint, especially the pathological
changes in the synovial layer. Thus, the most significant aspect
in this study was the use of IHC for hip joint synovium and the
exploration of pathological changes in the synovium of DDH,
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Figure 5. (A-I) Immunohistochemical staining and MOD analysis. (A, B, D, E, G and H) Immunohistochemical staining of MCT,

00"

a-SMA and MIBI in

synovium between moderate and severe DDH group. (A, B, G and H) Magnification: x200; (D and E) magnification: x100. (C, F and I) Comparisons of MOD
levels of MCT, a-SMA and MIBI in immunohistochemical staining between different groups. "P<0.05 compared with moderate DDH. MOD, mean optical

density; DDH, developmental dysplasia of the hip; MCT, mast cell tryptase; a-SMA, a-smooth muscle actin; MIB1, mindbomb homolo
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Figure 6. (A-F) Immunohistochemical staining and MOD analysis. (A, B, D and E) Immunohistochemical staining of SP, CGRP

in synovium between

moderate and severe DDH group. (A, B, D and E) Magnification: x400. (C and F) Comparisons of MOD levels of SP, CGRP in immunohistochemical staining
between different groups. "P<0.05 compared with moderate DDH. MOD, mean optical density; DDH, developmental dysplasia of the hip; SP, substance P;

CGRP, calcitonin gene-related peptide.
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Table III. Correlation analysis of MOD levels of each antibody with HHS and VAS.

Moderate DDH Severe DDH
vs. HHS vs. VAS vs. HHS vs. VAS

Antibody R P R P R P R P
Inflammatory cells

CD3 0.010 0.945 0.187 0.219 -0.234 0.176 0.276 0.109

CD20 -0.351 0018 0.279 0.064 -0.394 0.019 0.378 0.025

CD45 -0.449 0.012 0.555 <0.001* -0.101 0.564 0.233 0.178

CD68 -0.453 0.018 0.239 0.113 -0.669 <0.001* 0.518 0.001*

NF-200 -0.122 0.425 0.349 0.029 -0.167 0.339 0421 0.009*

a-SMA -0.208 0.169 0.212 0.163 -0.541 0.005* 0.241 0.164

MIB1 0.141 0.356 0.193 0.205 0.063 0.721 0.265 0.124

Vimentin -0.368 0.003* 0.234 0.123 0.479 0.004* -0.015 0.933

Mast cell tryptase -0.209 0.166 0.571 <0.001* -0.344 0.043 0.062 0.725
Neuropeptides

SP -0.091 0.551 0.208 0.171 -0.349 0.039 0.433 0.009*

CGRP -0.059 0.697 0.237 0.117 -0.333 0.051 0.455 0.006*

MOD, mean optical density; IHC, immunohistoche-mical; SP, substance P; CGRP, calcitonin gene-related peptide; MIB1, mindbomb
homolog 1; a-SMA, a smooth muscle actin; R, correlation coefficient. Spearman correlation test was implemented to investigate the possible

correlations in separate groups. ‘P<0.01 means significant correlation.

which are useful in detecting the mechanism of progression
from moderate to severe DDH. In this study, patients with
DDH were divided into two groups (moderate and severe
DDH) to investigate the differences of pathophysiological
process and inflammatory conditions between these groups
in the development from moderate to severe DDH. In clinical
practice, we observed that the durations of severe DDH is
shorter than that of moderate DDH. As we know, the patients
with severe DDH cannot tolerate the inconvenience caused by
joint dysfunction. Therefore, the patients will resort to surgery
as early as possible to improve hip function and relieve pain.
It seemed to us that there might be advantages in an earlier
surgical treatment.

The results of the histological analysis revealed an upgrade
of inflammatory infiltration into the synovium, which was
confirmed by THC using a variety of antibodies. Analysis with
CD3, CD20, CD45, CD68, and mast cell tryptase antibodies
identified these cells to be predominantly T cells, B cells,
leukocytes, macrophages, and mast cells, indicating it to be
a chronic inflammatory cell infiltration. Among these, the
MOD levels of CD45, mast cell tryptase, and CD68 showed
significant correlations with VAS in moderate and severe
DDH separately, which illustrate the infiltration of leukocytes,
macrophage, and mast cells might be associated with the pain
sensation of hip joint in DDH. Similarly, the MOD levels
of vimentin, a-SMA, and CD68 also presented significant
negative correlations with HHS separately, which means the
infiltration of fibroblast, myofibroblast, and macrophage prob-
ably contribute to the disorders of hip joint in the development
of DDH.

The results of IHC also demonstrate the remarkable
up-regulation of SP, CGRP, and NF-200 in synovium from

severe DDH cases. But, no such remarkable up-regulation
was observed in moderate DDH cases. This process shows
the increasing infiltration of free nerve endings into the
synovium during the process from moderate DDH to severe
DDH. Moreover, the MOD levels of NF-200, SP and CGRP
revealed positive correlation with VAS in patients with
severe DDH, and such correlation emphasizes the crucial
roles of free nerve endings and neuropeptides in the sensa-
tion of pain. Previous studies proved that with the stimuli of
peripheral pain, SP and CGRP were increasingly synthesized
in dorsal root ganglion (DRG) then secreted by peripheral
sensory nerve endings (26). Basing on our findings, we
speculate that with the time and duration of DDH, cartilage
wearing degree will gradually increase, and the cushion
capacity of cartilage progressively disappears. Therefore, the
subchondral bone and labrum tissue bear increasing shear
and compressive loadings as the cartilage abrasion evolves.
During this process, the afferent stimulation of joint pain
gradually increases, and this increase in turn induce the
infiltration of peripheral nerve fibers (NF-200) and is accom-
panied by the release of additional neuropeptides (SP and
CGRP) from the DRG.

As emphasized in our previous studies, SP and CGRP might
have the pro-inflammatory effect on synoviocyte from DDH
through the activation of NF-xB (16). Moreover, according to
previous studies, the activation of NF-kB in synoviocyte could
induce the release of chemokines, matrix metalloproteinases-1
(MMP-1), MMP-3 and interleukins-6 (IL-6) (27,28). Among
these, chemokines such as monocyte chemotactic protein-1
(MCP-1) and macrophage inflammatory protein-1 (MIP-1f3)
are entrusted with the task of recruiting macrophage as well
as other monocytes for involvement in the inflammatory
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process of synovium. Hence, we speculate that the abrasion
of cartilage might stimulate the release of SP and CGRP from
the nerve fibers to the synovial tissues during the progress of
DDH, and this condition can aggravate the degeneration of
cartilage in DDH by recruiting macrophages and other inflam-
matory effector cells from peripheral blood. Moreover, these
inflammatory effector cells can secrete a series of harmful
cytokines (MMPs and ILs etc.), which can further accelerate
the destruction of the cartilage of DDH.

Synovial fibrosis in DDH was explored by the positive
staining of a-SMA (myofibroblast) and vimentin (fibroblast)
in the synovium. Previous research reported the extracellular
matrix (ECM) exocrine function and biological activity of
myofibroblast. As the indicator of vascular smooth muscle
and angiogenesis, the appearance of myofibroblast was
acknowledged indispensable in fibrosis and chronic inflamma-
tion (29,30). Fibroblast dedicates autonomous contributions in
the inflammatory process as effector cells releasing pro-inflam-
matory mediators and undertaking antigen presenting effect by
expressing MHC-II and auto-antigens to specific T cell hybrid-
omas (31-34). Thus, in this study, the increasing IHC staining of
0-SMA and vimentin in synovium combined with the positive
correlations of these targets with HHS and VAS imply the
existence of fibrosis in synovium and its harm to joint motion.

Moreover, as a hallmark of OA, synovial fibrosis is char-
acterized by fibroblast proliferation and imbalance between
collagen synthesis and catabolism (35). This imbalance results
in the excessive deposition of collagen into ECM leading to
thickening and stiffening of the synovial membrane, which is
believed to be a major contributor to joint pain and stiffness.
This basic theory has been verified by the positive correla-
tions of these fibrosis elements (a-SMA and vimentin) with
clinic indexes (HHS). Therefore, these synovial fibrosis related
indexes could be promising therapy targets, which probably
help to reduce fibrosis and stiffness of hip joint in DDH.

The current understanding of the involvement of mast cells
in inflammation included leukocyte recruitment and activa-
tion, angiogenesis, fibroblast proliferation, matrix remodeling,
and injury to collagen and bone (36,37). Herein, the presence
of mast cells in synovium in this study makes us speculate the
involvement of mast cells in both chronic inflammation and
synovium fibrosis, which probably lead to secondary injury
and destruction of cartilage. By its pivotal position in the
inflammatory process, the mast cells may also hold promise
as a treatment target to relieve the inflammatory progress of
arthritis in DDH.

The biopsy material from the synovia of patients with
DDH with different stages revealed that this disorder is a
chronic inflammation and fibrotic condition. Together with
the presence of extensive angiogenesis and nerve fibers, this
ascending inflammation and fibrosis indicated from IHC in
synovium probably explains why the upgrade of DDH could
combine with an increasingly painful and stiff syndrome.
Targeted prevention of synovial inflammatory infiltration and
fibrosis could relief the degeneration of cartilage and restrain
the progress of DDH.
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