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Abstract: Objective: To investigate the possible pathological mechanism of hip osteotropia in patients with ankylos-
ing spondylitis (AS) through the quantification of microvascular density in femoral head cartilage and subchondral
bone. Methods: The experimental group comprised samples of femoral head tissue obtained from 7 patients with
AS. The control group comprised samples of femoral head tissue obtained from 11 patients with osteoarthritis (OA)
and 9 patients with rheumatoid arthritis (RA). The expression levels of vascular endothelial growth factor (VEGF),
CD56+, and CD68+ were measured. A semi-quantitative assessment was performed using Leica Qwin high-defini-
tion image analysis. Results: The results showed an increased density of the microvasculature at the bone-cartilage
interface on the femoral head in patients with AS, compared with patients with OA (P < 0.01) or RA (P < 0.05). The
presence of CD68+ multinuclear cells at the osteochondral junction was interpreted as evidence of bone absorp-
tion. CD68+ expression was significantly increased in patients with AS, compared with patients with OA (P < 0.05)
or RA (P < 0.01). In AS patients with a femoral head denuded of cartilage, increased levels of bony destruction were
observed (8.04 £ 1.43 vs. 5.14 + 1.62; P < 0.01). Conclusion: In patients with AS, the bone-cartilage interface and
subchondral bone showed signs of inflammation, including an increased area of the microvasculature. Such phe-
nomena may contribute to the progression of hip osteotropia.
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Introduction

Ankylosing spondylitis (AS) is a common, chron-
ic, highly hereditary, immune-mediated arthritis
that affects the spine and sacroiliac joints, as
well as surrounding joints and extra-articular
tissues, including the eyes, intestines, and
skin. This is the prototype of Spa, a group of
rheumatic diseases with clinical, genetic, and
radiologic characteristics. Over time, bone for-
mation occurs, leading to bony fusion (ankylo-
sis) and osteophyte formation in the sacroiliac
joint. This process is characterized by osteo-
phyte growth and associated with progressive
chronic back pain, decreased activity, and pos-
sibly hypnosis. Connective tissue may eventu-
ally bridge the adjacent vertebrae, resulting in
reduced spinal mobility and disability [1]. In

contrast to reports on patients with rheumatoid
arthritis (RA), studies have shown that synovi-
um is not the main site of inflammation in
patients with AS [2]. However, the mechanisms
underlying its clinical and pathological manifes-
tations remain to be elucidated [3]. In recent
years, experts have achieved a broad consen-
sus with regard to genetic risk factors and
aspects of the immune response involved in
the initial stages of disease. Although the avail-
able data are relatively scarce, abnormal bone
formation is considered to be the most signifi-
cant pathogenic factor associated with disease
progression [4].

Vascular endothelial growth factor (VEGF) is an
effective angiogenic vasoactive molecule that
enhances vascular permeability and acts as a
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mitogen in the presence of endothelial cells [5].
It has been suggested that high serum levels of
VEGF correlate with levels of disease activity in
patients with spondylarthropathies [6]. Serum
levels of VEGF are increased in AS patients [7]
and correlate with disease activity [6]. The pre-
dictive value of serum VEGF levels in interpret-
ing radiologic progression has also recently
been confirmed [8]. For example, increased
vascularity is a prominent feature of AS synovi-
tis [9].

Few studies have investigated the potential
role of serum VEGF levels in the management
of AS or VEGF expression levels in the cartilage
of AS patients. In this study, VEGF levels in fem-
oral head tissue from patients with AS were
determined by immunohistochemistry and
compared with levels in samples from control
patients with OA or RA. The expression of
CD56+ on osteoblasts and the expression of
CD68+ on osteoclasts were measured to
explore the relationship between the density of
the microvasculature and hip osteotropia in
patients with AS.

Materials and methods
Study patients

Femoral head specimens were collected from
patients seen at the Department of Orthope-
dics, Linyi People’s Hospital during the period
June 2015 to January 2017. Seven AS patients
(5 male, 2 female), aged 25-72 years (mean
53.2 years), who had been diagnosed accord-
ing to New York standards revised in 1984,
were included in the study. Eleven OA patients
(7 male, 4 female), aged 55-78 years (mean
61.4 years) and 9 patients with RA (5 male, 4
female), aged 34-75 years (mean 55.8 years),
served as the control group. Patient ages were
similar across all groups. Except for the 2 AS
patients, all the subjects included in the study
had cartilage remaining on the femoral head,
which had cartilaginous as well as noncartilagi-
nous areas. All patients, or their parents,
approved their participation in the study. Ethical
approval was obtained from the Ethics
Committee of Linyi People’s Hospital (Lin No.
201503).

Sample collection

After the specimen was obtained, it was imme-
diately fixed with 4% paraformaldehyde and
stored at 4°C for 2-4 h. The specimen was then
transferred into a solution of 30% sucrose in
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phosphate-buffered saline (PBS) and stored at
4°C overnight. The femoral head covered with
cartilage and/or without cartilage, was divided
into paraffin sections respectively. The sec-
tions were cut to a thickness of 10 ym and
adhered to slides coated with adhesive and
stored at 80°C.

A Leica Qwin high-definition image analysis sys-
tem (Leica, Germany) was used to analyze the
femoral head surface. Rabbit anti-human poly-
clonal antibody VEGF (Ph.D., BAO407); mou-
se anti-human monoclonal antibody CD56+
(MAB0256) CD68+ (MAB0O041), and SP (kit KIT-
9709) were purchased from Fujian Mai Xin
Company. Anti-tartrate acid phosphatase was
purchased from the Sigma-Aldrich Company
(USA). An ELF-97 Immunohistochemical Kit was
purchased from Invitrogen (USA).

Immunohistochemistry

In order to ensure optimal adhesion of the tis-
sue to be used for immunostaining, sections
with a thickness of 4-6 uym were cut, then
baked for 20 minutes at 60°C. Paraffin sec-
tions were dewaxed and hydrated, then washed
in PBS for 5 min, and this was repeated 3 times.
After the addition of a 3% methanol hydrogen
peroxide solution, the sections were stored at
room temperature for 10 min, then they were
washed with PBS for 5 min, 3 times. The sec-
tions were then submerged in a 0.01 M sodium
citrate buffer (pH 6.0) and stored at 95°C. Then
paraffin sections were heated for 10-15 min
and washed in PBS for 5 min, and this was
repeated 3 times. The sections were blocked
with normal goat serum. The slides were stored
at room temperature for 20 min. After the
absorption of excess liquid, 50 yL anti-l (anti-
rabbit anti-human VEGF polyclonal antibody;
monoclonal antibodies CD56 and CD68) was
added. Sections were stored for 1 h at room
temperature, then washed with PBS for 5 min 3
times. Fifty uL anti-1l (biotinylated goat anti-rab-
bit IgG) was added. The sections were stored
for 1 h at room temperature, then they were
washed with PBS for 5 min x 3 times. After DAB
was added for 5-10 min, the sections were eval-
uated under a microscope to determine the
degree of staining. The slides were washed
with PBS for 10 min, then they were stained
with hematoxylin and dehydrated. The trans-
parent sections were dried. The results were
observed under a microscope. In the section x
200 times view backup, LeicaQwin high defini-
tion graphic analyzer gray value detection with
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Figure 1. HE staining of cartilaginous (x 200) femo-
ral head tissue in AS. Cartilage cells are distributed
throughout the cartilaginous areas.

Figure 2. HE staining of non-cartilaginous (x 200)
femoral head tissue in AS. Few chondrocytes are ob-
served in the non-cartilaginous area.

Figure 3. VEGF expression in cartilaginous (x 200)
femoral head tissue in AS. Strong VEGF staining can
be seen in the subchondral bone.

or without cartilage covering the area of posi-
tive cell aggregates count. Areas of bone
destruction were defined as areas of subchon-
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Figure 4. VEGF expression in non-cartilaginous (x
200) femoral head tissue in AS. Limited VEGF stain-
ing can be seen in the subchondral bone.

dral bone or cartilage with >5 CD68+ multinu-
cleate osteoclasts. Because CD68+ is not spe-
cific for the expression of osteoclasts, we used
tartrate resistant acid phosphatase (TRAP)
staining to detect osteoclast [10] at 37°C after
10 min of incubation, and the application of
osteoclast phosphatase substrate ELF-97 pro-
duced fluorescent products [11]. The microvas-
cular density of the endothelial cells was
assessed by the immunohistochemistry of the
antibody against VEGF. Density of the microvas-
culature was expressed as the mean value of
each high-powered field.

Statistical analysis

Statistical analyses were performed with
SPSS 12.0 software. Measurement data are
expressed as X + S. All variables were verified
using a Kolmogorov-Smirnov test to conform to
the normal distribution, and Bartlett’s method
was used to verify the homogeneity of variance.
Two independent sample mean t tests were
used to compare the experimental group and
the control group. The groups were compared
using an analysis of variance, using o« = 0.05 or
0.01. P < 0.05 indicates that the discrepancy
had statistical significance. P < 0.01 indicates
that the discrepancy had remarkable signifi-
cance.

Results

Hematoxylin and eosin (HE) staining of the fem-
oral head sections from patients with AS
showed that cartilage cells were evenly distrib-
uted throughout the cartilaginous areas (Figure
1). Few chondrocytes were observed in the
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Table 1. Numbers (X * S) of positive cell aggregates on the sur-
face of the femoral head and in the non-cartilaginous area on the
femoral head

Count of positive cell aggregation

Groups

VEGF CD56+ CD68+

Cartilaginous area

AS 5 1297+431 26.63+784 514+1.62

OA 11 4.43+1.32" 29.25+6.7 11.51+0.93"

RA 9 742+335% 25.72+5.93 0.87 +0.60%
Non-cartilaginous area

AS 7 11.92+6.48" 42.50+9.42" 8.04 £ 1.43™

OA 11 6.60+5.15 31.87+734 1.70+1.02

RA 9 12.73+6.63 2759+6.71 1.51+0.87

non-cartilaginous area (Fig-
ure 2). There are VEGF in AS
of bone and cartilage and
subchondral bone interface
(Figures 3, 4). The density of
the microvasculature in the
cartilaginous areas of the
bone-cartilage interface on
the femoral head was in-
creased in patients with AS,
compared with patients with
OA (12.97 + 4.31 vs. 4.43 +
1.32; P < 0.01) or RA (12.97
+ 431 vs. 742 + 3.35; P <

AS: Ankylosing spondylitis, OA: Osteoarthritis, RA: Rheumatoid arthritis. Cartilaginous
area: AS: OA, P < 0.01, "P < 0.05; AS: RA, #P < 0.01, #P < 0.05; AS Cartilaginous
area: No cartilaginous area, P < 0.01, “P < 0.05.

Figure 5. Femoral head CD56+ expression at the
bone-cartilage interface in AS, cartilaginous area (x
200). CD56+ cells are scattered throughout the sub-
chondral bone.
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Figure 6. Femoral head CD56+ expression at the
bone-cartilage interface in AS, non-cartilaginous
area (x 200). Abundant CD56+ cells are observed
throughout the subchondral bone.
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0.05) (Table 1).

The samples obtained from
the femoral heads of the
areas free of cartilage were
compared with those obtained from the femo-
ral heads with cartilaginous areas. The results
showed a slight decrease in density of the
microvasculature (Figure 5; Table 1), but this
trend did not reach statistical significance (P >
0.05). Among patients with AS, femoral heads
lacking cartilage showed increased osteoblast
density (26.63 + 7.84 vs. 42.50 + 9.42, P <
0.01) (Figure 6; Table 1). The osteoblast densi-
ty was similar between patients with OA and
patients with RA.

In patients with AS, increased numbers of cells
displaying osteoclast morphology (CD68+ mul-
tinucleated cells) were observed in the areas of
bone resorption at the osteochondral junction
on the femoral head surfaces with cartilagi-
nous areas (Figure 7). Areas of bone erosion on
the femoral head surface were increased in
patients with AS, compared with patients with
OA (5.14 + 1.62 vs. 1.51 + 0.93; P < 0.05) or
RA (5.14 + 1.62 vs. 0.87 + 0.60; P < 0.01)
(Table 1). Compared with the cartilaginous fem-
oral head surfaces in patients with AS, those
lacking cartilage showed significantly increased
levels of bone erosion (8.04 + 1.43 vs. 5.14 +
1.62; P < 0.01) (Figure 8; Table 1). In patients
with RA, noncartilaginous femoral head surfac-
es showed higher levels of subchondral bone
erosions, compared with cartilaginous femoral
head surfaces (Table 1). However, this differ-
ence was not statistically significant (P > 0.05).

Discussion

Analysis of the femoral head surface in patients
with AS showed increased density of the micro-
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Figure 7. Femoral head CD68+ expression at the
subchondral interface in AS, cartilaginous area (x
200). Abundant CD68+ cells are observed through-
out the subchondral bone.
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Figure 8. Femoral head CD68+ expression at the
subchondral interface in AS, non-cartilaginous area
(x 200). CD68+ cells are scattered throughout the
subchondral bone.

vasculature at the bone-cartilage interface and
in the subchondral bone. These findings indi-
cate that angiogenesis is partly related to local
immunology and pathology. The loss of carti-
lage mononuclear cells is representative of
late-stage inflammation in AS. In this study,
osteoblast activation was accompanied by
enhanced vascularization. Neovascularization
is essential for inflammation as well as the for-
mation of bone [12]. Studies have confirmed
that VEGF has osteogenic effects that acceler-
ate the healing of fractures [13-17]. Ossification
must be associated with angiogenesis. During
the early stage of ossification, VEGF-mediated
angiogenesis indicates the initiation of ossifi-
cation [18]. Higher serum levels of VEGF may
contribute to the pathogenesis of AS through
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Wnt signaling [19]. In AS, VEGF in synovial tis-
sues may participate in the differentiation of
fibroblasts into osteoclasts [20]. One recent
study showed that serum VEGF levels were sig-
nificantly associated with inflammation and the
immune response in AS [21].

The results presented above indicate increased
numbers of osteoclasts in cartilage-covered
portions of the femoral head in patients with
AS, compared with patients with RA or OA. This
finding suggests that the osteoclast-mediated
absorption of bone may be facilitated by an
environment that stimulates inflammation and
thus induces the expression of hydrolase.
Tissue factors release matrix collagenase, alter
the extracellular matrix, and mediate the
destruction of bone and cartilage [22]. High lev-
els of osteoclast activity and an increased den-
sity of the microvasculature usher in the late
stage of joint involvement, resulting in bony
ankylosis. Clinical studies have shown that
osteoclasts are the main effectors of bone
destruction. Furthermore, the ossification and
stiffness of normal ligaments and synovium are
essential to the progression of osteoarthritis
[23]. However, the conditions for the differenti-
ation of osteoclast precursors remain unclear,
hindering efforts at prevention and treatment
of the disease. As an important inflammatory
initiation factor, tumor necrosis factor-o« (TNF-
«) plays an important role in the inflammation
and differentiation of tumor cells [24].

Conclusion

The osteochondral interface and subchondral
bone are the main sites of inflammation in AS.
The results presented above suggest that the
microvasculature plays an important role in
inducing inflammation and hip osteotropia in
patients with AS. Additional studies will be nec-
essary to elucidate the underlying mechanism.
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