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ABSTRACT. The aim of this study was to explore the mRNA levels of
tumor necrosis factor-o (7NF-a), vessel endothelial growth factor (VEGF),
and matrix metalloproteinase-3 (MMP-3) in synovial tissues in ankylosing
spondylitis (AS), and to analyze the functions of these proteins in the
differentiation of AS synovial tissue fibroblasts into osteoblasts (OB) and
osteoclasts. Synovial tissue samples from 22 AS patients and 22 normal
individuals were collected. /n situ hybridization was utilized to detect
TNF-a, VEGF, and MMP-3 transcripts. After counting numbers of positive
cells, Spearman analysis was used to determine the correlation between
transcriptional levels of the three mRNAs and the AS disease activity index
(BASDAI) and the C-response protein (CRP) levels. With the addition of
TNF-a, VEGEF, or both factors into cultured normal synovial fibroblasts,
osteocalcin (bone gla protein, BGP) secretion levels were compared.
We found that expression of TNF-a, VEGF, and MMP-3 was identified
exclusively in the disease group. mRNA levels were significantly positively
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correlated with BASDAI (r=0.42,0.38, and 0.47, respectively; P<0.05) and
CRP (r = 0.44, 0.34, and 0.47 respectively; P < 0.05) scores. The secretion
level of BGP in normal synovial fibroblasts increased progressively with
increasing concentrations of VEGF or TNF-o (P <0.01 compared to levels
before treatment). Furthermore, co-incubation using both VEGF and TNF-a.
significantly elevated BGP levels compared to the single addition of VEGF
or TNF-a (P < 0.01). These results suggest TNF-a, VEGF, and MMP-3
might directly participate in the differentiation of fibroblasts into OBs.

Key words: Ankylosing spondylitis; Synovial tissues; Osteoclast;
Tumor necrosis factor-a; Vessel endothelial growth factor;
Matrix metalloproteinase-3

INTRODUCTION

Ankylosing spondylitis (AS) has an insidious onset, involving the axial skeleton at an
early stage, and affecting the activity of peripheral joints, and thus severely impairs the quality
of patient life. Clinical studies have demonstrated that osteoclasts (OCs) are the primary effec-
tor of bone destruction, whereas the ossification and rigidity of normal ligament and synovial
are indispensable for differentiation and maturation of OCs (Briolay et al., 2013). However,
the conditions required for differentiation and related mechanisms of OC precursors are not yet
understood, which impedes the prevention and treatment of this disease. As an important inflam-
matory initiating factor, tumor necrosis factor-a (TNF-a) plays a critical role in the differentia-
tion of multiple inflammatory and tumor cells (Scudiero et al., 2012). Vessel endothelial growth
factor (VEGF) works as an angiogenesis regulating factor and has shown a powerful accelerat-
ing function of fracture healing in some studies (Won et al., 2012). Matrix metalloproteinase-3
(MMP-3) can specifically degrade the extracellular matrix (Fujita et al., 2012). We hypothesized
that these three factors might be related to the development of osteoblast (OB) and OC cells, and
conducted this study to examine whether this relationship could be substantiated.

MATERIAL AND METHODS
Tissue samples

Synovial tissue samples were collected from 22 patients with AS admitted in Yantais-
han Hospital (Shandong, China) between January 2010 and May 2014. The diagnostic criteria
adapted the recommendations of the American College of Rheumatology (ACR) (van der
Linden et al., 1984). All samples were collected from CT-guided puncture of sacroiliac joints
and were included in the disease group. An additional 22 normal synovial tissue samples were
collected from patients with traumatic femoral head fracture who had undergone open reduc-
tion and internal fixation treatment. Written consents were obtained from all patients. This
study was pre-approved by the ethical committee of Yantaishan Hospital.

General research method

Patient medical records were collected and analyzed for parameters such as the Bath
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ankylosing spondylitis disease activity index (BASDIA) and C-reactive protein (CRP) scores.
Samples were frozen, sectioned, subjected to in sifu hybridization (ISH) for detection of
TNF-a, VEGF, and MMP-3 mRNA transcripts. AS synovial fibroblasts were enzymatically
digested and cultured to detect BGP production levels under different culture conditions using
radioimmunoassay.

ISH staining

ISH staining utilized the following equipment and reagents: freezing microtome (Mi-
crom International, Walldorf, Germany), imaging analysis system (Leica, Wetzlar, Germany),
and an ISH test kit (Boshide Corp., Wuhan, China). Other reagents such as hydrogen peroxide,
pure methanol, and citric acid were prepared in-house. The test was performed according to
the instruction manual of the assay kit. In brief, samples were sectioned and deactivated us-
ing H,0, and methanol, followed by pepsin digestion and fixation in paraformaldehyde. After
washing 3 times in distilled water, tissue samples were first incubated in pre-hybridization
buffer at 40°C, and then hybridized with oligonucleotide probes in hybridization buffer at
40°C overnight. On the next day, the blocking buffer was applied, followed by incubation with
mouse anti-DIG antibody conjugated with biotin, and washed with phosphate buffered sa-
line (PBS). Samples were then processed in streptavidin-biotin-peroxidase complex (SABC),
washed in PBS, developed using DAB substrate, washed in distilled water, and counter-stained
using hematoxylin. Finally, samples were dehydrated, hyalinized, mounted, and observed un-
der the microscope. The ImagelJ software was used to quantify positive stained cell numbers
and average gray values.

Primary culture of AS synovial fibroblasts

Major equipment and reagents included: osteocalcin assay kit (provided by the Chi-
nese Nuclear Power Institute, Chengdu, Sichuan, China), and a VEGF and TNF-a assay kit
(Jingmei Corp., Shenzhen, China). In brief, samples were cultured in 20% fetal bovine serum
medium at 37°C with 5% CO, in a humidified chamber. The 3rd generation of cultured cells
were counted and inoculated into 96-well plates (1 x 10°/mL per well) with 6 replicates for
each treatment group. A total of 16 treatment conditions were applied, including VEGF at 0, 5,
10, and 20 ng/mL, TNF at 0, 10, 100, and 500 U/mL, or co-treatment of both factors. After 5
days incubation, the content of BGP in the upper supernatant was quantified by a BGP radio-
immunoassay kit (Yuanye Biotech, China).

Statistics

The SPSS 19.0 software package (IBM Corp., US) was utilized to process all
collected data, which were presented as means + standard error (SE), unless otherwise
specified. Student z-test was applied for between-group-comparisons while the F-test
was used in the case of multiple group comparisons. The Spearman correlation test was
employed to analyze the correlation between mRNA transcripts of TNF-a, VEGF, and
MMP-3 and BASDAI and CRP indices. Statistical significance was defined as P < 0.05.
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RESULTS
General information of patients and controls
No significant differences regarding sex ratio and average age existed between the

disease and control groups (P > 0.05, Table 1). Therefore, the samples included in this study
were comparable.

Table 1. General sample information.

Group N Male: Female Average age (years)
Disease 22 15:7 262+5.8
Control 22 16:6 26.8+5.5

w2t 0.10 -0.35

P value >0.05 >0.05

mRNA transcripts of TNF-a, VEGF, and MMP-3

Numbers of cells positive for TNF-a, VEGF, and MMP-3 mRNA in the disease group
were all significantly higher than those in the control group, while their gray values were sig-

nificantly lower than the control group. All these differences were of statistical significance (P
<0.05, Table 2).

Table 2. mRNA expression levels of TNF-a, VEGF, and MMP-3.

Group (N) TNF-a mRNA VEGF mRNA MMP-3 mRNA
Positive cell Gray value Positive cell Gray value Positive cell Gray value

Disease (22) 722+5.6 148.5+7.1 51.8+6.8 142.6 £ 6.7 88.7+6.2 1413+538

Control (22) 6.4+22 186.6 +5.8 74+2.6 183.8+7.2 3.1+1.2 182.2+6.7

t value 51.30 -19.49 28.61 -19.65 63.58 -21.65

P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Correlative analysis between mRNA levels of TNF-a, VEGF, and MMP-3 and
clinical factors

The disease group had CRP levels of 44.3 + 25.2 mg/L and BASDALI scores of 3.4 +
2.0 while the control group had CRP concentration of 5.1 £ 0.6 mg/L and a BADSAI score of
0.6 + 0.3. The Spearman analysis showed a significantly positive relationship between TNF-a
mRNA and CRP levels (r=0.47, P <0.05) as well as BASDAI scores (r=0.42, P<0.01). It also
showed that VEGF mRNA was significantly positively correlated with CRP (r=0.34, P <0.05)
and BASDAI (r=0.38, P <0.05) scores. Furthermore, MMP-3 mRNA displayed a significantly
positive relationship with CRP (r = 0.44, P < 0.05) and BASDAI (r=0.47, P <0.01) scores.

Effect of TNF-a and VEGF on synovial fibroblast BGP levels

BGP levels were elevated upon addition of higher dosages of TNF-a or VEGF into
the culture medium. A cross-interaction occurred with the co-incubation of both TNF-o and
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VEGF, which significantly increased BGP concentration compared to those cells with addition
of only TNF-a or VEGF. All differences were of statistical significance (P < 0.05, Table 3).

Table 3. Effects of TNF-a or VEGF on BGP concentration in synovial fibroblasts.

VEGEF concentration (ng/mL) TNF-o concentration (U/mL)

0 10 100 500 F value P value
0 0.47+0.22 1.08 £0.15° 1.28+0.31* 1.53 £0.25* 48.17 <0.001
5 0.95 +0.20° 1.57 +£0.35¢ 2.05+0.33¢ 2.08 +0.22¢ 34.02 <0.001
10 1.28 £0.12° 1.68 £ 0.21¢ 2.28 +£0.52¢ 248 +£0.17¢ 2532 <0.001
20 1.93 £0.55° 2.08 +£0.25¢ 2.53+0.31° 2.62 +0.45¢ 18.31 <0.001
F value 32.14 28.31 24.31 17.22
P value <0.001 <0.001 <0.001 <0.001

*Compared to cells with 0 ng/mL VEGF, P < 0.05; *compared to cells with 0 U/mL TNF-qa, P < 0.05; ‘compared to
cells with only TNF-a or VEGE, P < 0.05.

DISCUSSION

Clinical studies have demonstrated a close relationship between OCs and progression
of AS disease (Sieper et al., 2009). As a major cell type responsible for bone reabsorption, OCs
are formed in the mononuclear macrophage system and directly involved in the bone reforma-
tion (Eeles et al., 2015). Cellular research suggested that tartrate resistant acid phosphatase
(TRAP) staining showed a positive response only after the differentiation and maturation of
OC (Grceevic et al., 2010; Won et al., 2012). Other studies in AS-related hyperplasia also
demonstrated the existence of large amounts of TRAP-positive mono- or poly-nuclear cells
adhesive in the synovial tissue near the disease site, whereas no TRAP signal could be detected
in cells near normal synovial tissues. These results suggested that OC precursors might consist
of macrophages near synovial tissues.

This study aimed to investigate the mechanism related trophic factors underlying the
transformation of macrophages into OCs. Based on previous knowledge, we first deduced a
potential role of MMP-3, VEGF, and TNF-a in OC formation. As a Zn**-dependent endopepti-
dase, MMP-3 has been reported to have elevated expression in the synovial tissues of patients
with AS (Fujita et al., 2012; Wendling et al., 2012). Consistent with these studies, the current
research also showed a higher number of MMP-3 positive cells in synovial tissues from the
disease group compared to the control group, and identified a significantly positive relationship
between MMP-3 transcript levels and CRP or BASDAI indices. As a major body inflammatory
factor, CRP can reflect the severity of AS while the BASDAI score has been widely used to di-
rectly evaluate disease progression (van der Linden et al., 1984; Wong et al., 2012). We suggest
that this relationship is due to the fact that MMP-3 directly participates in the degradation of
the extracellular matrix, and its elevation can activate multiple MMP factor precursors includ-
ing MMP-1, -9, and -13 to further accelerate the degradation of joint cartilage matrix, destroy
cartilage, and advance the progression of AS (Markel et al., 2007; Kawamura et al., 2008).

The differentiation and maturation of OCs can only occur when large numbers of OBs
are present (Suzuki et al., 1998; Raidl et al., 2007). While no OBs have been found in normal
synovial tissues, we hypothesized that some OBs might exist in AS patient synovial tissues
in order to support the differentiation and maturation of OCs. We therefore performed further
studies to quantify the levels of osteocalcin to substantiate the existence of OBs in AS synovial
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tissues. Our study has also demonstrated the facilitation of osteocalcin secretion by TNF-a and
VEGF, as higher concentrations of those two factors induced larger amounts of osteocalcin
secretion in addition to demonstrating a synergetic effect between the two factors in facilita-
tion of osteocalcin. In previous studies in AS patient synovial tissues, we confirmed higher
expression levels of TNF-o and VEGF mRNA, which had a significantly positive relationship
with the CPR and BASDAI indices. Therefore, we suggest that both TNF-o and VEGF might
participate in the differentiation of fibroblasts into OBs, which provides additional basis for
the formation of OCs (Pedersen et al., 2010). As an early-stage inflammatory trophic factor,
TNF-a has multiple inflammatory responses and immune reactivities while VEGF can ac-
celerate the recovery from bone fracture due to its ability as an angiogenesis regulation factor
(Bottomley et al., 1999; Appel et al., 2010). The physiological function of VEGF underlies its
potency in the progression of AS, as directly demonstrated by this study.

The current research, however, did not demonstrate the direct involvement of TNF-a
and VEGF in OB formation. More illustrative evidence can only be obtained after the appli-
cation of related antibodies to directly decrease BGP secretion (Genevay et al., 2009). Some
limitations also exist in the current study, as only mRNA transcripts but not related protein
expression levels have been quantified, thus impairing the overall representativeness. Further-
more, our research only focused on TNF-a, VEGF, and MMP-3, and thus cannot fully illus-
trate the differentiation of synovial fibroblasts (Hamed et al., 2004; Crisostomo et al., 2007).
Other factors such as IL-12B might also be related to AS progression (Kolomecki et al., 2001;
Bidad et al., 2012). These questions require further analysis.

In summary, our results suggest that TNF-a and VEGF might directly participate in
the differentiation of fibroblasts into OBs, while mature OCs might express MMP-3 to a large
degree to accelerate the degradation of cartilage.

REFERENCES

Appel H, Maier R, Loddenkemper C, Kayser R, et al. (2010). Immunohistochemical analysis of osteoblasts in
zygapophyseal joints of patients with ankylosing spondylitis reveal repair mechanisms similar to osteoarthritis. J.
Rheumatol. 37: 823-828.

Bidad K, Fallahi S, Mahmoudi M, Jamshidi A, et al. (2012). Evaluation of the Iranian versions of the Bath Ankylosing
Spondylitis Disease Activity Index (BASDALI), the Bath Ankylosing Spondylitis Functional Index (BASFI) and the
Patient Acceptable Symptom State (PASS) in patients with ankylosing spondylitis. Rheumatol. Int. 32: 3613-3618.

Bottomley MJ, Webb NJ, Watson CJ, Holt PJ, et al. (1999). Peripheral blood mononuclear cells from patients with
rheumatoid arthritis spontaneously secrete vascular endothelial growth factor (VEGF): specific up-regulation by
tumour necrosis factor-alpha (TNF-alpha) in synovial fluid. Clin. Exp. Immunol. 117: 171-176.

Briolay A, Lencel P, Bessueille L, Caverzasio J, et al. (2013). Autocrine stimulation of osteoblast activity by Wnt5a in
response to TNF-alpha in human mesenchymal stem cells. Biochem. Biophys. Res. Commun. 430: 1072-1077.
Crisostomo PR, Wang M, Herring CM, Markel TA, et al. (2007). Gender differences in injury induced mesenchymal stem
cell apoptosis and VEGF, TNF, IL-6 expression: role of the 55 kDa TNF receptor (TNFR1). J. Mol. Cell. Cardiol.

42: 142-149.

Eeles DG, Hodge JM, Singh PP, Schuijers JA, et al. (2015). Osteoclast formation elicited by interleukin-33 stimulation is
dependent upon the type of osteoclast progenitor. Mol. Cell Endocrinol. 399: 259-66.

Fujita K, Ando T, Ohba T, Wako M, et al. (2012). Age-related expression of MCP-1 and MMP-3 in mouse intervertebral
disc in relation to TWEAK and TNF-alpha stimulation. J. Orthop. Res. 30: 599-605.

Genevay S, Finckh A, Mezin F, Tessitore E, et al. (2009). Influence of cytokine inhibitors on concentration and activity of
MMP-1 and MMP-3 in disc herniation. Arthritis Res. Ther. 11: R169.

Greevic D, Jajic Z, Kovacic N, Lukic IC, et al. (2010). Peripheral blood expression profiles of bone morphogenetic
proteins, tumor necrosis factor-superfamily molecules, and transcription factor Runx2 could be used as markers of
the form of arthritis, disease activity, and therapeutic responsiveness. J. Rheumatol. 37: 246-256.

Genetics and Molecular Research 14 (2): 6852-6858 (2015) ©FUNPEC-RP www.funpecrp.com.br



K.G. Liu et al. 6858

Hamed EA, El-Noweihi AM, Mohamed AZ and Mahmoud A (2004). Vasoactive mediators (VEGF and TNF-alpha) in
patients with malignant and tuberculous pleural effusions. Respirology 9: 81-86.

Kawamura T, Murakami K, Bujo H, Unoki H, et al. (2008). Matrix metalloproteinase-3 enhances the free fatty acids-
induced VEGF expression in adipocytes through toll-like receptor 2. Exp. Biol. Med. 233: 1213-1221.

Kolomecki K, Stepien H, Bartos M and Kuzdak K (2001). Usefulness of VEGF, MMP-2, MMP-3 and TIMP-2 serum level
evaluation in patients with adrenal tumours. Endocr. Regul. 35: 9-16.

Markel TA, Crisostomo PR, Wang M, Herring CM, et al. (2007). Activation of individual tumor necrosis factor receptors
differentially affects stem cell growth factor and cytokine production. Am. J. Physiol. Gastrointest. Liver Physiol.
293: G657-662.

Pedersen SJ, Hetland ML, Sorensen 1J, Ostergaard M, et al. (2010). Circulating levels of interleukin-6, vascular endothelial
growth factor, YKL-40, matrix metalloproteinase-3, and total aggrecan in spondyloarthritis patients during 3 years of
treatment with TNFalpha inhibitors. Clin. Rheumatol. 29: 1301-1309.

Raidl M, Sibbing B, Strauch J, Miiller K, et al. (2007). Impaired TNFalpha-induced VEGF expression in human airway
smooth muscle cells from smokers with COPD: role of MAPkinases and histone acetylation - effect of dexamethasone.
Cell Biochem. Biophys. 49: 98-110.

Scudiero I, Zotti T, Ferravante A, Vessichelli M, et al. (2012). Tumor necrosis factor (TNF) receptor-associated factor
7 is required for TNFalpha-induced Jun NH2-terminal kinase activation and promotes cell death by regulating
polyubiquitination and lysosomal degradation of c-FLIP protein. J. Biol. Chem. 287: 6053-6061.

Sieper J. (2009). Can structural damage be prevented in ankylosing spondylitis? Curr. Opin. Rheumatol. 21: 335-339.

Suzuki M, Suzuki M, Uetsuka K, Shinozuka J, et al. (1998). Changes in location and number of tartrate-resistant acid
phosphatase (TRAP)-positive cells during the development of type II collagen-induced arthritis in DBA/1J mice.
Exp. Anim. 47: 211-214.

van Der Linden S, Valkenburg HA and Cats A (1984). Evaluation of diagnostic criteria for ankylosing spondylitis. A
proposal for modification of the New York criteria. Arthritis Rheum. 27: 361-368.

Wendling D, Prati C, Toussirot E and Dumoulin G (2012). Change of bone mineral density and treatment of ankylosing
spondylitis. Comment to the article of Kang KY et al. “The change of bone mineral density according to treatment
agents in patients with ankylosing spondylitis”. Joint Bone Spine 2011; 78: 188-93.

Won YW, Lee M, Kim HA, Bull DA, et al. (2012). Post-translational regulated and hypoxia-responsible VEGF plasmid
for efficient secretion. J. Control Release 160: 525-531.

Wong RH, Wei JC, Huang CH, Lee HS, et al. (2012). Association of /L-12B genetic polymorphism with the susceptibility
and disease severity of ankylosing spondylitis. J. Rheumatol. 39: 135-140.

Genetics and Molecular Research 14 (2): 6852-6858 (2015) ©FUNPEC-RP www.funpecrp.com.br



