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Objective. Angiopoietin-1 (Ang1) is a potent angiogenic fac-

tor that can increase synovial angiogenesis and also en-

hance osteoblast maturation and bone formation. However, 

its role in rheumatoid arthritis (RA) has not been well 

documented. Thus, we investigated roles of Ang1 in colla-

gen-induced arthritis (CIA). 

Methods. A recombinant adenovirus carrying the gene that 

encodes either cartilage oligomeric matrix protein 

(AdCOMP)-Ang1 (a modified form of Ang1) or LacZ 

(AdLacZ) was injected intravenously into CIA mice. 

Clinical, radiological, histopathological, and immuno-

fluorescent analyses were performed. Serum levels of re-

ceptor activators of nuclear factor κB ligand (RANKL) 

and osteoprotegerin (OPG) and expression of osteoblast 

maturation genes were analyzed.

Results. AdCOMP-Ang1-injected mice developed more se-

vere inflammation than the AdLacZ-injected mice. However, 

there were no significant differences in cartilage damage and 

bone erosion. More PECAM-1-positive blood vessels were 

seen in the synovium of the AdCOMP-Ang1-injected mice 

than in those injected with AdLacZ. Interestingly, a lower 

number of TRAP-positive osteoclasts were observed in 

AdCOMP-Ang1-injected CIA mice than in the AdLacZ 

group when comparing sections obtained from joints show-

ing similar synovial proliferation. The serum OPG/RANKL 

ratio and expression of osteoblast maturation genes, such as 

runt-related transcription factor 2, bone sialoprotein, type 1 

collagen, osteopontin, and osterix, were significantly upregu-

lated in the AdCOMP-Ang1 group. 

Conclusion. COMP-Ang1 facilitates arthritis onset and in-

creases synovial inflammation, but enhances osteoblast 

maturation, which in turn inhibits osteoclastogenesis by in-

creasing the OPG/RANKL ratio in CIA. Our results sug-

gest that careful investigation is necessary to delineate the 

possible therapeutic use of COMP-Ang1 as an adjunctive 

agent, in combination with anti-inflammatory therapies, 

for the prevention of bone destruction in RA. 
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Introduction

 Rheumatoid arthritis (RA) is a major cause of joint destruc-

tion and permanent deformity (1). Angiogenesis plays a critical 

role in the ingress of inflammatory cells and the formation of 

aggressive tumor-like fibrovascular granulation tissue called 

pannus, which eventually leads to extensive joint destruction 

(1-3). Thus, angiogenesis inhibition is emerging as a potential 

therapeutic approach for managing RA. Vascular endothelial 
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growth factor (VEGF) is the most important and actively stud-

ied proangiogenic molecule and angiopoietin-1 (Ang1) and 

Ang2, which interact with tyrosine kinase with immunog-

lobulin and epidermal growth factor homology domain 2 

(Tie2) receptors, are other important growth factors that en-

hance tumor angiogenesis (4,5). Several studies have demon-

strated that levels of Ang1, Ang2, and Tie2 are increased in 

RA tissues and that blocking Tie2 activation inhibits angio-

genesis and arthritis development in collagen-induced arthritis 

(CIA) (6-8). Although these data suggest that the Ang-Tie2 

pathway is a potential therapeutic target in RA, questions about 

the unique role of Ang1 in in vivo models of RA remain.

 Bone destruction is a major cause of progressive disability in 

RA patients, and osteoclasts and receptor activators of nuclear 

factor κB ligand (RANKL), an essential osteoclastogenic fac-

tor, have important roles in RA-related bone destruction (9,10). 

Bone metabolism is also mediated via the interaction between 

bone-forming osteoblasts and bone-resorbing osteoclasts (11). 

The RANKL decoy receptor, osteoprotegerin (OPG), which is 

expressed by mature osteoblasts, represses the differentiation 

and activation of osteoclasts by inhibiting RANK signaling (12). 

In the case of RA, ongoing inflammation within arthritic joints 

results in a decrease in the number of mature osteoblasts and 

an enhanced osteoclast function (13). Angiogenesis contributes 

to bone destruction by allowing the infiltration of inflammatory 

cells and osteoclast precursors and by inducing cytokines and 

growth factors (14). Conversely, angiogenesis is closely asso-

ciated with bone formation, and osteoblast-specific Ang1 over-

expression results in increased bone formation (15). However, 

the role of Ang1 in inflammatory bone destruction has not de-

termined whether it increase or decrease bone destruction. 

 Cartilage oligomeric matrix protein Ang1 (COMP-Ang1) is a 

recently developed chimeric form of Ang1 that has more potent 

and stable activity than native Ang1 (16). COMP-Ang1 leads 

to the formation of larger, more numerous, and highly branched 

vessels and increases angiogenesis (17). COMP-Ang1 produces 

anti-inflammatory effects by enhancing pericyte coverage and 

by inhibiting vessel leakiness (18). Additionally, COMP-Ang1 

enhances osteoblast differentiation and bone formation by pro-

moting angiogenesis and bone remodeling (19-21). COMP- 

Ang1, therefore, may either promote or inhibit synovial in-

flammation and may have some favorable effects on the bone 

itself due to increased numbers of osteoblasts. However, no ex-

isting study has examined the role of Ang1 in an in vivo RA 

model. In the present study, we investigated the effects of 

COMP-Ang1 using adenoviral gene transfer in CIA mice.

Materials and Methods

Preparation of COMP-Ang1 adenovirus

 Adenoviruses expressing COMP-Ang1 (AdCOMP-Ang1) or 

bacterial LacZ (AdLacZ) were constructed using the pAdEasy 

vector system (Qbiogene, Carlsbad, CA, USA) as previously 

described (17). 

Animals and CIA experiments

 DBA/1 mice were purchased from Charles River, and 

AdCOMP-Ang1 was intravenously injected into normal 

DBA/1 mice (n=10) to check for any unintended arthritic ef-

fects of COMP-Ang1 before the main experiments. CIA was 

induced as previously described (22). Briefly, male DBA/1 

mice (7 to 9 weeks old) were immunized with 150 μg of 

bovine CII (Chondrex, Redmond, WA, USA) emulsified with 

an equal volume of complete Freund’s adjuvant (Chondrex). 

The day of the first immunization was defined as day 0. The 

mice were then boosted with an equal amount of bovine type 

II collagen emulsified in incomplete Freund’s adjuvant on day 

21. Mice were divided into three groups: 1) PBS+CIA, 2) 

AdLacZ+CIA, and 3) AdCOMP-Ang1+CIA (n=10 for each 

group). PBS or 1×109 pfu of either AdLacZ or AdCOMP- 

Ang1 were intravenously injected into the tail vein on days 

22 and 34 because a previous study showed that serum levels 

of COMP-Ang1 remained elevated for 2 weeks after 

AdCOMP-Ang1 injection (23). Clinical arthritis scores were 

evaluated using a scale of 0 to 4 for each paw, for a total 

score of 16. Hind paw thickness was measured with an elec-

tric caliper placed across the ankle joint at the widest point. 

On day 45, the mice were sacrificed, and sera and joint tissues 

were harvested from each animal. All of the experimental ani-

mals used in this study were maintained under the protocol 

approved by the Institutional Animal Care and Use Committee 

at Gyeongsang National University. 

Radiological examination

 Plain radiographs of the paws were obtained using a mam-

mographic imager based on a direct detection flat panel array 

design (Mammomat NovationDR, Siemens Medical Solutions, 

Erlangen, Germany) using exposure settings of 30 kVp and 

90 mAs. The degree of joint destruction and bone erosion was 

scored on a scale from 0 to 5, where 0 denotes no damage; 

1, minor bone destruction observed in one enlightened spot; 

2, moderate changes, 2 to 4 spots in one area; 3, marked 

changes, 2 to 4 spots in multiple areas; 4, severe erosions af-

flicting the joint; and 5, complete destruction of the joints.
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Table 1. Sequences and accession numbers for the forward and reverse primers used in real-time RT-PCR

Gene Forward Reverse Accession No. 

Runx2

BSP

Osteopontin

Type 1 collagen

Osterix

Type 2 collagen

Sox-9

GAPDH

GCTCACGTCGCTCATCTTG

TGAAGAGTCACTGCCTCCCT

TGGCTATAGGATCTGGGTGC

TAGGCCATTGTGTATGCAGC

GGACTGGAGCCATAGTGAGC

GCAAGATGAGGGCTTCCATA

TCCACGAAGGGTCTCTTCTC

CGTCCCGTAGACAAAATGGT

ACACCGTGTCAGCAAAGC

GTCTTTAAGTACCGGCCACG

ATTTGCTTTTGCCTGTTTGG

ACATGTTCAGCTTTGTGGACC

CTCTCCATCTGCCTGACTCC

CTACGGTGTCAGGGCCAG

AGGAAGCTGGCAGACCAGTA

TTGATGGCAACAATCTCCAC

NM_009820

NM_008318

NM_009263

NM_007742

NM_130458

NM_031163

NM_011448

NM_008084

Histopathological and morphometric analyses

Fixed joint tissues were decalcified and embedded in paraffin. 

Sections (5 μm) were stained with H&E, Safranin-O, and a tar-

trate-resistant acid phosphatase (TRAP) staining kit (Sigma, St. 

Louis, MO, USA). The joint sections were scored for changes 

in synovial proliferation, cartilage damage, and bone erosion, all 

on a scale of 0 to 3. The number of TRAP-positive multi-

nucleated cells containing three or more nuclei was counted in 

10 areas of each ankle and knee (200× magnification). For im-

munofluorescent analysis, joints were collected, fixed with 10% 

buffered formalin, decalcified, and embedded in Tissue-Tek 

OCT compound (Sakura, Japan) , and then 10 μm sections were 

stained with anti-mouse PECAM-1 antibody (Chemicon 

International, Temecula, CA, USA). Fluorescent signals were vi-

sualized, and digital images were obtained with a FV-1000 con-

focal microscope equipped with argon and helium-neon lasers 

(Olympus, Japan). Density measurements of PECAM-1 positive 

blood vessels in the synovium were made on five randomly se-

lected fields (200×) for each knee and ankle joint (n=5-6 for 

each group) using photographic analysis of NIS-elements imag-

ing software (Nikon, Japan). The results were expressed as rela-

tive area percent of the total area per field.

ELISAs

 The serum samples were prepared on day 45 of CIA. Tumor 

necrosis factor (TNF)-α, interleukin (IL)-1β, OPG, and 

RANKL concentrations were measured using commercially 

available ELISA kits according to the manufacturer’s in-

structions (R&D Systems, Minneapolis, MN, USA). 

Real-time RT-PCR

 All CIA mice were sacrificed at day 45, and total RNA was 

prepared from the ankle joints and first-strand cDNA was gen-

erated according the manufacturer's instructions using random 

hexamer primers provided in the first-strand cDNA synthesis 

kit (Applied Biosystems, Framingham, MA, USA). Specific 

primers for each gene (Table 1) were designed using Primer 

Express software (Applied Biosystems). The real-time RT–
PCR reaction mixture consisted of 10 ng reverse-transcribed 

total RNA, 167 nM forward and reverse primers, and 2× PCR 

master mixture in a final volume of 10 μL. The PCR was 

carried out in 384-well plates using the ABI Prism 7900HT 

Sequence Detection System (Applied Biosystems). All of the 

experiments were performed in triplicate.

Statistics 

 Values are expressed as the mean±SEM. Fisher’s exact test 

was used to analyze the difference in incidence among groups. 

The Mann-Whitney U test was used to analyze arthritic se-

verity and the radiographic and histological findings. An un-

paired Student’s t-test and one-way ANOVA were used to an-

alyze the other results. A p≤0.05 was considered significant.

Results

COMP-Ang1 increased synovial inflammation and pro-

liferation but not bone erosion 

 AdCOMP-Ang1 had no arthritic effect in normal DBA/1 

mice (data not shown). AdCOMP-Ang1 and the control 

AdLacZ were injected into the tail vein of CIA mice on days 

22 and 34. Skin on the face and all paws of the CIA mice 

injected with AdCOMP-Ang1 was distinctly redder than those 

of mice treated with AdLacZ (Fig. 1A), although both groups 

showed comparable development of arthritic swelling and cu-

mulative incidence of arthritis (Fig. 1A and B). When the joint 

swelling and erythematous change were assessed using an ar-

thritis scoring system, along with hind paw thickness, 

AdCOMP-Ang1-injected mice showed earlier aggravation and 

more severe arthritis than AdLacZ-injected mice (Fig. 1C and 

D). Mice were sacrificed at day 45, and radiological and histo-

pathological findings were evaluated. AdCOMP-Ang1-injected 

mice showed increased synovial proliferation. Additionally, 

there were no differences between the two groups’ other 

pathologic findings, such as cartilage damage, bone erosion, 

and radiological scores (Fig. 2A-C). Taken together, these re-
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Figure 1. COMP-Ang1 increases erythema and joint swelling. (A) Representative photographs showing the gross features of the hind 

paws. The mouse injected with AdCOMP-Ang1 shows increased redness (right panel) compared with the Ad-LacZ mouse (left panel), 

despite showing comparable arthritic development in all paws. (B) The cumulative incidence of arthritis, (C) severity of arthritis, as 

assessed by a visual arthritis scoring system and (D) hind paw thickness were determined (n=10 for each group). Values are the 

mean±SEM, *p＜0.05 vs. AdLacZ.

sults suggest that COMP-Ang1 increases synovial proliferation 

but not bone destruction in CIA mice. 

COMP-Ang1 enhanced synovial vascularity

 AdCOMP-Ang1 increased angiogenesis throughout the syno-

vium of the joints, as shown by an increase in PECAM-1-pos-

itive vascular structures (Fig. 2D). Elevated vessel densities 

in AdCOMP-Ang1-injected mice were further confirmed by 

morphometric analysis of vessels. A comparison of vascularity 

found more PECAM-1-positive blood vessels in the synovium 

of the AdCOMP-Ang1-injected mice than in those injected 

with AdLacZ (blood vessel density (%): 4.1±0.2 vs. 3.6±0.2, 

p＜0.05; Fig. 2E). These findings, taken together with the red-

der skin color of the paws of AdCOMP-Ang1-injected CIA 

mice, imply that the increase in arthritic inflammation induced 

by AdCOMP-Ang1 is attributable to enhanced angiogenesis.

COMP-Ang1 decreased TRAP-positive osteoclasts 

 Bone erosion generally occurs in parallel with synovial in-

flammation and hyperplasia in RA. However, despite the in-

crease in synovial proliferation, there was no notable bone de-

struction in AdCOMP-Ang1-injected mice. To examine the 

imbalance between inflammation and bone destruction, we 

performed pathological assessment on sections obtained from 

joints showing equivalent degrees of synovial proliferation, 

particularly grade 3 (n=5 for each group). The results showed 

that bone erosion was slightly lower in the AdCOMP- 

Ang1-injected mice than in those injected with AdLacZ (Fig. 

3B). Because osteoclasts are responsible for bone erosion, 

TRAP staining was performed to determine the number of os-

teoclasts present in the joints. Interestingly, among joints with 

equivalent degrees of inflammation, TRAP-positive osteoclasts 

were reduced in size and number in AdCOMP-Ang1-injected 
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Figure 2. AdCOMP-Ang1-injected mice show increased synovial proliferation and angiogenesis but no bone destruction. (A) 

Representative sections of the ankle joints stained with H&E (bars=250 μm), (B) mean pathological scores, and (C) mean radiological 

scores (n=10 for each group). Note the increased synovial proliferation (asterisk) in the joint of an AdCOMP-Ang1-injected mouse 

compared with PBS- and AdLacZ-injected mice. (D) Images showing PECAM-1
+
 blood vessels (bars=50 μm). (E) Density of blood 

vessels in the synovium (n=5-6 for each group). Note the increased angiogenesis in the synovium of an AdCOMP-Ang1-injected mouse 

compared with an AdLacZ. Values are the mean±SEM, *p＜0.05 vs. AdLacZ. 

mice compared with those in the AdLacZ-injected mice (Fig. 

3A). The quantitative analysis indicated that a lower number 

of TRAP-positive osteoclasts were present in the AdCOMP- 

Ang1 group than in the control group (TRAP-positive cells 

in AdLacZ- vs. AdCOMP- Ang1-injected mice: 221.3±20.7 

vs. 139.3±13.8, p＜0.05; Fig. 3C). Collectively, these data 

demonstrate that COMP-Ang1 increased synovial inflamma-

tion and proliferation but decreased osteoclastogenesis in CIA. 



COMP-Angiopoietin-1 in CIA 87

Figure 3. COMP-Ang1 decreases 

TRAP-positive osteoclasts. (A) Re-

presentative sections of the ankle 

joints stained with H&E (bars=500 

μm) and TRAP (bars=50 μm) 

from an AdLacZ- or AdCOMP- 

Ang1-injected mouse with grade 3 

synovial proliferation. The TRAP- 

stained image (lower panel) corres-

ponds to the boxed area in the 

H&E-stained sections (upper panel). 

(B) Mean pathological scores and 

(C) total number of TRAP-positive 

cells in the joints showing grade 3 

synovial proliferation from the 

AdLacZ- or AdCOMP-Ang1-injec-

ted groups (n=5 for each group). 

Values are the mean±SEM, *p

＜0.05. 

COMP-Ang1 increased serum OPG/RANKL ratio and os-

teoblast maturation genes 

 Serum was collected, and the levels of TNF-α and IL-1β 

and the OPG/RANKL ratio were measured by ELISA. RNA 

from the ankle joints was isolated, and the expression levels 

of several osteoblast maturation genes were examined by re-

al-time RT-PCR. These genes included runt-related tran-

scription factor 2 (Runx2), bone sialoprotein (BSP), type 1 

collagen, osteopontin, and osterix. The OPG/RANKL ratio 

was significantly increased, and osteoblast maturation genes 

were upregulated in the AdCOMP-Ang1-injected mice (Fig. 

4). However, COMP-Ang1 did not affect serum concen-

trations of TNF-α (AdLacZ vs. AdCOMP-Ang1 mice: 

14.5±1.8 vs. 16.8±2.5 pg/mL, value=mean±SEM) and IL-1β 

(288.4±49.5 vs. 282.5±58.7). We also measured expression 

levels of chondrogenic genes such as type 2-collagen and 

SOX-9. There was no significant difference between 

AdCOMP-Ang1- and AdLacZ-injected mice (Fig. 4). These 

results indicate that COMP-Ang1 enhances the maturation of 

osteoblasts and osteogenesis, which in turn inhibits osteoclas-

togenesis by increasing the OPG/RANKL ratio. 

Discussion 

 We examined the effects of COMP-Ang1 as an angiogenic 

and osteoblast-maturating factor on synovial proliferation and 

bone destruction in a CIA model. We found that COMP-Ang1 

increased synovial proliferation but decreased osteoclastoge-

nesis. We also showed that the suppressive effect of 

COMP-Ang1 on osteoclastogenesis was mediated by the in-

duction of osteoblast maturation and differentiation, followed 

by an increase in OPG/RANKL ratio. Our results demonstrate 

the unique role of Ang1 in CIA and suggest the possibility 

of COMP-Ang1 being used as an adjunctive therapeutic agent 

to prevent bone destruction in RA. 

 Inhibition of angiogenesis has been extensively studied for 

the treatment of a variety of cancers and has begun to emerge 
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Figure 4. COMP-Ang1 increases the OPG/RANKL ratio and the expression of the osteogenic genes. Ankle joint tissues were obtained 

from AdLacZ- and AdCOMP-Ang1-injected mice on day 45 (n=10 for each group). Real-time RT-PCR analysis for osteogenic and 

chondrogenic genes was performed. Values are the mean±SEM, *p＜0.05, 
†

p＜0.01 vs. AdLacZ. 

as a potential therapeutic approach for managing inflammatory 

arthritis, particularly RA (24,25). Apart from their activity, 

much attention has been focused on the side effects, which 

include hypertension, proteinuria, thromboembolism, bleeding, 

and gastrointestinal perforations (26). Osteoporosis and im-

paired fracture healing should be also considered as important 

side effects of VEGF-inhibitors because its potential as an an-

tirheumatic therapeutic option has become increasingly recog-

nized (25,26). Angiogenesis inhibitors blocking the Ang1-Tie2 

pathway may have similar deleterious effects on bone because 

osteoblast-specific Ang1 increases osteoblast maturation and 

bone formation (15). Thus, it will be necessary to clearly iden-

tify the roles of Ang1 in inflammatory bone and joint diseases 

such as RA. We found that COMP-Ang1 increases synovial 

inflammation and proliferation due to enhanced synovial an-

giogenesis but decreases osteoclastogenesis and bone destruc-

tion indirectly via mature osteoblasts. Our results suggest the 

possibility that osteoporosis and impaired fracture healing may 

occur as adverse effects of selective inhibition of Ang1.

 Some studies have reported stimulating effects of Ang1 on 

tumor growth, whereas others showed varying degrees of re-

duced tumor growth (27,28). COMP-Ang1 itself contributes 

to pericyte coverage and vascular maturation, suggesting that 

it has an anti-inflammatory propensity (16-18). Thus, Ang1 

may either promote or inhibit synovial inflammation and hy-

perplasia in RA. We found that AdCOMP-Ang1-injected CIA 
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mice exhibit an earlier onset of disease and more severe syno-

vial inflammation and proliferation in gross and pathological 

findings. We also observed increased synovial vascularity and 

non-suppressed levels of TNF-α and IL-1 in AdCOMP- 

Ang1-injected CIA mice. These results are consistent with 

previous reports showing that Ang1 enhances rheumatoid 

synovium overgrowth and that Tie2 overexpression causes a 

psoriasis-like phenotype involving epidermal hyperplasia and 

inflammatory cell accumulation (29,30). In the context of in-

flammatory arthritis, angiogenic mediators include proin-

flammatory cytokines, growth factors, chemokines, ex-

tracellular matrix molecules, matrix-degrading enzymes, and 

cellular adhesion molecules (3). Our results suggest that 

COMP-Ang1 enhances pathologic angiogenesis and increases 

synovial inflammation and proliferation when various proin-

flammatory cytokines are consistently upregulated in CIA.

 In addition to synovial hyperplasia, a major clinical manifes-

tation of RA is the progressive destruction of bone, and these 

two features tend to show a parallel relationship. Angiogenic 

stimulation also leads to the recruitment of osteoclast pre-

cursors and their development into resorptive osteoclasts in 

the joint (1-3). However, it has been reported that the number 

of osteoclasts in the bone of Ang1-transgenic mice does not 

differ from wild-type littermates and that Ang1 increases bone 

mass by increasing angiogenesis (15). We found no ag-

gravation in bone destruction despite an increase in synovial 

proliferation and angiogenesis in AdCOMP-Ang1 injected 

mice. We also performed TRAP staining for osteoclasts in 

joints with the same clinical score to examine the imbalance 

between inflammation and bone destruction. Notably, we 

demonstrated a reduced number of osteoclasts in the 

AdCOMP-Ang1-injected group, which indicates that Ang1 

overexpression may inhibit osteoclastogenesis. 

 It is well known that the administration of COMP-Ang1 en-

hances osteoblast differentiation and maturation (19-21). 

Runx2 is essential for osteoblastic differentiation and pos-

itively regulates the expression of BSP, type 1 collagen, osteo-

pontin, and osterix (31). BMP2 is a central morphogenetic 

regulator of postnatal osteogenesis and increases trans-

activation activity of Runx2 (32). It has previously been re-

ported that COMP-Ang1 enhances BMP2-induced osteoblast 

differentiation and bone formation (19). Therefore, COMP- 

Ang1 may accelerate osteoblast maturation through BMP2- 

mediated osteogenic gene induction. We found that the ex-

pression levels of several osteoblast maturation genes, Runx2, 

BSP, type 1 collagen, osteopontin, and osterix, were increased 

in AdCOMP-Ang1-injected CIA mice. The osteoclastogenic 

potential of immature osteoblasts is mediated by increased 

RANKL expression, and mature osteoblasts have relatively 

low osteoclastogenic activity due to increased OPG expression 

(33). We also confirmed that the serum OPG/RANKL ratio 

was increased in AdCOMP-Ang1-injected CIA mice. Taken 

together, our results suggest that COMP-Ang1 could suppress 

osteoclastogenesis indirectly via the inhibitory action of the 

RANKL decoy receptor OPG, which is expressed by mature 

osteoblasts. However, our study did not show the direct effects 

of COMP-Ang1 on osteoclasts and these should be inves-

tigated further.

Conclusion

 Although existing evidence suggests that COMP-Ang1 can 

facilitate osteoblast maturation and new bone formation, these 

effects of COMP-Ang1 on bone have not been previously re-

ported in RA. We showed that COMP-Ang1 enhances the ma-

turation of osteoblasts, which in turn inhibits osteoclasto-

genesis by increasing the OPG/RANKL ratio in representative 

animal model of RA. However, we also found that COMP- 

Ang1 increase synovial inflammation and proliferation via in-

creased synovial vascularity. Thus, our results suggest that 

careful investigation is necessary to delineate possible ther-

apeutic use of COMP-Ang1 as an adjunctive agent, in combi-

nation with anti-inflammatory therapies, for the prevention of 

bone destruction in RA.
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