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Rheumatoid arthritis (RA) is a chronic inflammatory
disease characterized by symmetrical polyarticular
synovitis of the diarthrodial joints. Several proinflam-
matory cytokines derived from both infiltrating in-
flammatory cells and activated resident cells within
the RA joint play a fundamental role in the processes
that cause inflammation. However, anticytokine
treatment is beneficial but not curative, the effects are
only partial, and nonresponses are common. There-
fore, an effort has been made to identify other key
regulators of inflammation in articular structures to
develop new therapies to suppress synovial inflam-
mation and joint destruction in RA. Adipose tissue-
derived angiopoietin-like protein 2 (Angptl2) acti-
vates an inflammatory cascade in endothelial cells
and induces chemotaxis of monocytes/macrophages
in obesity, resulting in initiation and propagation of
inflammation within adipose tissues and obesity-re-
lated metabolic diseases. Angptl2 mRNA and protein
are abundantly expressed in hyperplastic rheumatoid
synovium of RA patients, especially in fibroblast-like
and macrophage-like synoviocytes, but notin Band T
lymphocytes. Angptl2 concentration in joints of RA
patients was also significantly increased in compari-
son with patients with osteoarthritis, which in com-
parison with RA represents a significantly lower
inflammatory grade form of arthritis. Notably, An-
gptl2 promoted increased chemotactic activities of

CD14*CD16~ monocytes from synovial fluid of RA
patients. Therefore, Angptl2 acts as an important rheu-
matoid synovium-derived inflammatory mediator in RA
pathogenesis. (Am J Pathol 2010, 176:2309-2319; DOI:
10.2353/ajpath.2010.090865)

Rheumatoid arthritis (RA) is a chronic inflammatory dis-
ease characterized by symmetrical polyarticular synovitis
of the diarthrodial joints. The RA synovial membrane con-
tains activated B and T lymphocytes, plasma cells, mast
cells, and significantly activated monocytes/macro-
phages. The synovium is normally a relatively acellular
structure with a delicate intimal lining, thus these cells are
recruited via an intense neovascularization process with
associated lymphangiogenesis. Hyperplasia of the inti-
mal lining results from macrophage-like and fibroblast-
like synoviocytes. These resident and infiltrating cells
within the RA joint could be a source of proinflammatory
cytokines that activate inflammatory pathways in a para-
crine or autocrine fashion and play a fundamental role in
processes underlying inflammation, articular destruction,
and comorbidities associated with RA.'~€ In fact, numer-
ous cytokines, such as interleukin (IL)-1, IL-6, IL-15, IL-
18, and tumor-necrosis factor (TNF)-«, as well as various
chemokines, are active within the synovium and synovial
fluid in joints of RA patients.®”® Continuous anticytokine
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treatment, such as through use of TNF-a and IL-18 inhib-
itors, is required for long-term control, and discontinua-
tion of treatment leads to disease flare-up, indicating the
importance of cytokine-related inflammation in pathogen-
esis of RA.? Furthermore, although such anticytokine
treatment is beneficial,°~'* it is not curative, its effects are
partial, and nonresponses are common.?'® These find-
ings indicate that the mechanism of inflammation in the
RA joint is more complex than previously thought, thus
suggesting that new factors and mechanisms are oper-
ating that could serve as novel therapeutic targets for RA.

The Angptl (Angiopoietin-like protein) family was
identified as a group of proteins possessing structural
similarity to angiopoietin, which contains an N-terminal
coiled-coil domain functioning in oligomerization and a
C-terminal fibrinogen-like domain serving as a receptor
binding site.’®'” Although Angptls were predicted to
function as ligands for the angiopoietin-receptor; Tie-2 or
its family member; Tie-1, they do not bind to either,
strongly suggesting biological functions different from
those of angiopoietins. More recently, we reported that
Angptl2, a member of the Angptl family, is expressed in a
variety of tissues, especially in obese adipose tissues.'®
Angptl2 expression has been shown to increase by hyp-
oxia and endoplasmic reticulum stress, both of which are
commonly observed in pathological conditions. We also
showed that Angptl2 signaling via integrins activated an
inflammatory cascade in endothelial cells and induced
chemotaxis of monocytes/macrophages. Constitutive An-
gptl2 activation in vivo induced inflammation of the vas-
culature characterized by abundant attachment of leuko-
cytes to vessel walls and increased permeability. These
findings suggest that adipocyte-derived Angptl2 acts as
a key chronic inflammatory mediator in obesity, resulting
in obesity-related metabolic diseases. These findings,
plus the fact that its expression is not restricted to adi-
pose tissues, suggest a possible role of Angptl2 in other
chronic inflammatory diseases.

The current study showed that Angptl2 mRNA and pro-
tein are abundantly expressed in the hyperplastic synovio-
cytes from RA patients. An in vitro culture analysis revealed
that the synoviocytes from RA patients secrete Angptl2.
Indeed, the concentration of Angptl2 in RA synovial fluid is
significantly higher than that seen in osteoarthritis (OA),
which is a lower inflammatory grade arthritis than RA. An-
gptl2 increases the chemotactic activities of monocytes
from RA synovial fluid. Taken together, these findings es-
tablish Angptl2 as a hyperplastic rheumatoid synovium-
derived inflammatory mediator in RA joints.

Materials and Methods

Patients and Samples

All subjects in this study were Japanese patients who had
been hospitalized at Kumamoto University Hospital and
Kumamoto Orthopaedic Hospital. The subjects were se-
lected between August 2008 and November 2009. Syno-
vial tissues, serum, and synovial fluid were harvested for
tissue analysis from 14 RA patients diagnosed according

Table 1. Clinical Features of RA and OA Patients Evaluated
in the Present Study
Diagnosis RA OA
Total number of subjects 14 11
Radiographic grading
| 0 0
Il 0 0
1l 7 3
% 7 8
Age, y 63.9 = 3* 749 19
Male:female 0:14 2:9
DAS28 ESR 439 =112 n.d.
RF, units/ml 169.6 = 61.9 n.d.
BMI, kg-m~2 229 £056* 252 *0.7

Radiographic grade was evaluated by using Steinbrocker Grading
System for RA patients, Kellgren & Lawrence Grading System for OA
patients. RA indicates rheumatoid arthritis; OA, osteoarthritis; RF,
rheumatoid factor; BMI, body mass index; DAS28, disease activity score;
n.d., not done. *P < 0.05 and **P < 0.01 in comparison with OA patients.

to the revised 1987 criteria of the American Rheumatism
Association (ARA)'® and 11 OA patients diagnosed by
clinical and radiological criteria®® who had undergone
knee joint replacement surgery. Synovial tissues were
fixed by perfusion with 4% paraformaldehyde phosphate
buffer solution (Wako Pure Chemical Industries, Ltd.,
Osaka, Japan) for 1 day. Tissues were dehydrated through
an ascending series of ethanols and paraffin-embedded for
histology. Serum and synovial fluid were centrifuged and
supernatants collected for an enzyme-linked immunosor-
bent assay (ELISA). Statistics relevant to the patients is
shown in Table 1. Another 206 RA patients (182 females
and 24 males, mean * SD age 59.22 *+ 13.29) were ana-
lyzed to evaluate the relationship between serum Angptl2
concentrations and RA disease activity. All of these patients
were also diagnosed according to the revised 1987 criteria
of the ARA, '® and most patients were receiving nonsteroidal
anti-inflammatory drugs (NSAIDs), prednisolone, and dis-
ease-modifying antirheumatic drugs or anticytokine biolog-
ical reagents. The clinical parameters in this group were:
tender joint count 1.24 £ 1.73, swollen joint count 4.01 =
4.10, erythrocyte sedimentation rate (ESR) 29.93 + 21.21
mm/hour, and serum C-reactive protein (CRP) 0.77 = 1.69
mg/dl. Serum specimens were collected from all patients for
an ELISA, and each disease activity was evaluated by
calculating both the disease activity score 28 (DAS28)-ESR
and DAS28-CRP. A total of 84 volunteers who took no
medication and were not obese (body mass index <25)
were enrolled in this study as the healthy control group. The
study was approved by the Ethics Committees of Kum-
amoto University and Kumamoto Orthopaedic Hospital.
Written informed consent was obtained from all patients and
healthy volunteers.

Measurement of Angptl2 and Angptl4
Concentrations in Serum, Synovial Fluid,
and Culture Medium

Angptl2 concentrations in serum, synovial fluid, and su-
pernatants of culture medium of RA synovial fibroblast



primary cultures were measured using the human An-
gptl2 ELISA as previously reported.'® In brief, the K2-1A1
mouse monoclonal antibody was fixed to 96-well plates.
Each sample was diluted 10-fold in PBS and immobilized
on the plates at 37°C for 1 hour, followed by washing with
PBS containing 0.05% Tween-20 (PBST) and addition
of horseradish peroxidase-conjugated K1-12A4 mouse
monoclonal antibody. The plates were incubated for 1
hour at 4°C, then washed with PBST, and tetramethylben-
zidine detection reagent was added to the wells. Thirty
minutes later, the reaction was stopped by the addition of
an equal amount of 1 N H,SO,,, and the absorbance was
measured at 450 nm. Both K2-1A1 and K1-12A4 antibod-
ies were confirmed to recognize only Angptl2, and not to
react to other Angptls and angiopoietins. Angptl4 con-
centrations in serum and synovial fluid were measured
using the human full-length form of Angptl4 ELISA kit
(IBL, Japan). In brief, the K3-6A1A mouse monoclonal
antibody for reacting C terminus of Angptl4 was fixed to
96-well plates. Each sample was diluted 10-fold in PBS
and immobilized on the plates at 37°C for 1 hour, followed
by washing with PBST and addition of horseradish per-
oxidase-conjugated K2-19A1A mouse monoclonal anti-
body that recognized the N terminus of Angptl4. The
plates were incubated 1 hour at 4°C, washed with PBST,
and tetramethylbenzidine detection reagent was added to
the wells. Thirty minutes later, the reaction was stopped by
addition of an equal amount of 1 N H,SO,, and the absor-
bance was measured at 450 nm.

In Situ Hybridization

Digoxigenin (DIG)-UTP-labeled RNA probes were syn-
thesized by transcription from a linearized pBluescript
plasmid including full length human Angptl2 cDNA using
T3 or T7 RNA polymerase and a DIG RNA labeling Mix
(Roche Diagnostics, Basel, Switzerland). The concentra-
tion of the synthesized RNAs was quantified spectro-
metrically and confirmed by electrophoresis. Paraffin-em-
bedded RA synovial tissues were cut into 6-um-thick
sections and mounted on APS-coated slides (Matsunami
Glass Ind., Ltd., Kishiwada, Japan). All procedures in-
cluding deparaffinization, fixation, washing, acid treat-
ment, protease digestion, hybridization, reaction with bi-
otin-labeled anti-DIG antibody, reaction with alkaline
phosphatase—conjugated streptavidin, and reaction with
an alkaline phosphatase substrate were automatically
performed using a VENTANA in situ hybridization ma-
chine (Ventana Medical Systems, Tuscon, AZ). The sec-
tions were hybridized at 65°C for 6 hours. DIG-labeled
antisense or sense hAngptl2 probes (50 ng/slide) were
denatured immediately before use. The sections were
counterstained with Nuclear Fast Red for microscopic
examinations.

Immunohistological Study

Paraffin-embedded tissue specimens were cut into
5-um-thick sections, air-dried, and deparaffinized. Sec-
tions were autoclaved with Target Retrieval Solution
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(Dako Inc.) for antigen retrieval. For performing single
immunohistochemistry of Angptl2, the sections were pre-
treated with periodic acid (Nichirei, Tokyo, Japan) to
inhibit endogenous peroxidases. The specimens were
incubated with 100-fold diluted K2-1A1 mouse monoclo-
nal anti-human Angptl2 antibody or anti-MAC2 (100-fold
diluted; Santa Cruz Biotechnology Inc., CA) or anti-CD31
(Dako Inc., Carpinteria, CA) and then washed with PBS.
The sections were incubated with 500-fold diluted goat-
anti-mouse Ig[F(ab’)2] conjugated with peroxidase (Am-
ersham Pharmatech Biotech, Piscataway, NJ) as a sec-
ond antibody. The peroxidase activity was visualized by
incubation with a 3,3’-diaminobenzidine solution and
then analyzed by light microscopy. Antibodies for syno-
violin (100-fold diluted; Santa Cruz Biotechnology Inc.,
CA) and MAC2 (100-fold diluted; Santa Cruz Biotechnol-
ogy Inc.) were used for double immunofluorescent stain-
ing of Angptl2 and other cell lineage markers. The rabbit
polyclonal anti-human Angptl2 antibody, which was pro-
duced by immunizing rabbits with a synthetic peptide
corresponding to amino acids 383 to 400 of human An-
gptl2 (SFRLEPESEYYKLRLGRY) was used for double im-
munofluorescent staining with CD3 (twofold diluted;
Nichirei, Tokyo, Japan), CD20 (50-fold diluted; Dako
Inc.), CD68 (50-fold diluted; Dako Inc.), and vimentin
(100-fold diluted; Dako Inc.). After washing with PBS,
sections were incubated with Alexa Fluor 488-labeled
anti-rabbit 1gG and Alexa Fluor 594-labeled anti-mouse
IgG (Molecular Probes Inc., Eugene, OR) as second
antibodies. After washing with PBS, fluorescent images
were captured by confocal laser scanning microscopy
(FV-300BX, Tokyo, Olympus).

Primary Culture of Human Synovial
Tissue-Derived Synovial Cells

Synovial tissue specimens were obtained from five pa-
tients with RA at the time of knee joint replacement sur-
gery. Subsequently, synovial tissues were cultured in
DMEM containing 1% penicillin, 1% streptomycin, and
10% fetal canine serum as described elsewhere.?’ The
surviving adherent cells in these culture conditions were
synovial cells, which were used to analyze the expression
and secretion of Angptl2 from the third to the fifth
passages.

Real-Time Quantitative RT-PCR Analysis

Total RNA was isolated with TRIzol reagent (Invitrogen,
Carlsbad, CA). DNase-treated RNA was reverse tran-
scribed with PrimeScript RT reagent Kit (Takara Bio, Ozu,
Japan). Expression levels of PCR products were ana-
lyzed by Thermal Cycler Dice Real Time system (Takara
Bio). Relative transcript abundance was normalized to
expression of B-actin mRNA. Oligonucleotides used for
PCR were: human Angptl2: forward, 5'-GCCACCAAGT-
GTCAGCCTCA-3, reverse, 5'-TGGACAGTACCAAACA-
TCCAACATC-3'; human angiopoietin-1: forward, 5'-CT-
TCAACATCTGGAACATGTGATGG-3', reverse, 5'-TGGT-
TCTGAACTGCATTCTGCTG-3’; human angiopoietin-2:
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forward, 5'-GGAAATGAGTTTGTTTCGCAACTG-3', re-
verse, 5'-CTGGTTGGCTGATGCTGCTTA-3’; human An-
gptl1: forward, 5’-TTATCCCAGAGATTTAATGCCACCA-
3’, reverse, 5'-TTTGCTTGCTGACAGTCTTTGAATG-3’;
human Angptl3: forward, 5'-TTCCAAGCCAAGAGCAC-
CAAG-3’, reverse, 5'-AAACTTGAGAGTTGCTGGGTCT-
GAT-3'; human Angptl4: forward, 5'-GACCTCCGCAGG-
GACAAGAA-3', reverse, 5'-TACTGGCCGTTGAGGTTG-
GAA-3’; human Angptl5: forward, AATGCACTTAGGAC-
GGTATTCAGGA-3’, reverse, 5-ACCATTGACCAGGC-
ATGCAG-3’; human Angptle: forward, 5'-TCACCCAG-
CAGAGCAGTCTCA-3’, reverse, 5'-CATCCTACTGGTG-
TCACTGGTGCTA-3’; human Angptl7: forward, 5’-AGC-
CTTCAGCACCAAGGACAA-3’, reverse, 5'-TGCTCAC-
CCAGGCGGTAGTA-3"; human b-actin: forward, 5'-TG-
GCACCCAGCACAATGAA-3’, reverse, CTAAGTCATA-
GTCCGCCTAGAAGCA-3'.

Flow Cytometry and Cell Sorting

Fleshly-isolated synovial fluid obtained from RA patients
who underwent joint surgery was immediately centri-
fuged, and isolated total cells were washed and filtered
through nylon mesh. The cells were incubated 30 minutes
at room temperature with Alexa Fluor 647-conjugated
anti-human CD14 diluted 50-fold in PBS and FITC-conju-
gated anti-human CD16 antibodies diluted 10-fold (Bio-
legend, San Diego, CA). After washing with PBS, CD14*
CD16~ cells and CD14-CD16™" cells were sorted re-
spectively by FACS-Aria (Becton Dickinson) and used for
cell migration assays. Some sorted CD14"CD16~ or
CD14-CD16™" cells were attached to glass slides by
Cytospin (Thermo Electron Co., Waltham, MA) and stained
by Diff-Quick (Sysmex Inc., Kobe, Japan) according to the
manufacturer’s protocol. To analyze the integrin expression
on CD147CD16™ cells and CD14-CD16™ cells, a total of
1 X 10° synovial fluid-derived cells were stained with
Alexa Fluor 647-conjugated anti-human CD14 antibody,
FITC-conjugated anti-human CD16 antibody, and 10
ng/ml antibody against each integrin receptor: anti-a531
(HA5, Millipore, Billerica, MA), anti-aVB3 (LM609, Milli-
pore), anti-aVB5 (P1F6, Millipore), anti-g1 (6S6, Milli-
pore), anti-a4 (2B4, R&D Systems, Minneapolis, MN),
and anti-B2 (R&D Systems). As negative controls, the
cells were reacted with respective isotype-matched control
IgG. After washing, 5 ug/ml Cy3-conjugated goat anti-
mouse IgG or donkey anti-goat IgG was incubated with the
samples. After washing cells with PBS, the stained cells
were analyzed by FACS-Aria using the Flowjo software
program.

Cell Migration Assay

Angptl2-dependent cell migration assays were per-
formed using CD14"CD16~ or CD14-CD16™ cells as
described.’ In brief, CD147CD16~ or CD14 CD16"
cells (1 x 10° cells) were inoculated into the upper por-
tion of wells equipped with a 5.0-mm transwell membrane
(Corning Inc., Corning, NY). The number of cells that had
migrated into the lower part of each well after 4 hours of

incubation, as well as the respective concentration of
Angptl2, was determined by FACSCalibur (BD Bio-
sciences, Franklin Lakes, NJ).

Statistical Analysis

All values are given as the means = SD. Differences in
variables were analyzed using Student t test, analysis of
variance, and the Mann-Whitney U-test as appropriate, and
P values of less than 0.05 were considered to be significant.

Results

RA Synovial Fluid Shows High Angptl2
Concentrations

The Angptl2 concentrations were measured in serum and
synovial fluid from RA patients and also from patients with
OA, which is a significantly lower grade inflammatory
arthritis in comparison with RAZ° using the Angptl2 ELISA
system'® (Figure 1B). Both RA and OA patients under-
went knee joint replacement surgery because of the se-
verity of articular destruction and functional decline. All
synovial tissues and fluid analyzed in this study were
collected from the patients at the time of surgery. General
information relevant to both RA and OA patients is pre-
sented in Table 1. There was no significant difference in
the circulating Angptl2 levels in serum between RA and
OA patients, whereas the serum levels of CRP were sig-
nificantly elevated in RA patients in comparison with
those seen in OA patients (Figure 1, A and C). In contrast,
Angptl2 concentrations in RA synovial fluid were signifi-
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Figure 1. Angptl2 concentrations in serum and synovial fluid from RA and
OA patients. A-D: RA (7 = 14) and OA (n = 11) patients were examined. A:
The concentration of serum C-reactive protein (CRP) in RA and OA patients.
B: Standard curve obtained in the ELISA system. C: Serum Angptl2 levels in
RA and OA patients. D: Synovial fluid Angptl2 levels in RA and OA patients.
HS indicate the healthy control subjects. *P < 0.05 and **P < 0.01 in
comparison with OA patients.
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Figure 2. Expression patterns of Angptl2 mRNA
in synovium of RA and OA patients as deter-
mined by in situ hybridization. A: Lower mag-
nification photograph of the proliferative syno-
vium of an RA patient analyzed using H&E
staining. B-G: Angptl2 mRNA expression in sy-
novium of RA patient evaluated by in situ hy-
bridization. B and C: In situ hybridization (B,

antisense probe; C, sense probe) of serial sec-
tions of A. D: Moderate magnification view of
proliferative synovium of an RA patient by in
situ hybridization. E-G: Higher magnification (in
lining cell layer [E], lymphatic follicles [F], and
endothelial cells [G] in the RA synovium) of D. H
and I: /n situ hybridization findings of the syno-
vium of an OA patient. (H, antisense probe; I,
sense probe). Insets indicate higher magnifica-
tion of each H and I. The arrowheads indicate

lining cell layer in the synovium. The arrows
indicate endothelial cells. The area enclosed by
dotted lines indicates the lymphatic follicle in
the synovium. Data shown are representative

expression patterns derived from three indepen-
dent RA and OA patients, respectively. Scale
bars = 200 wm in A, B, and C, 50 um in D, H,
and I, 20 um in E, F, and G.

cantly increased in comparison with those seen in OA
patients (Figure 1D). These results suggest that Angptl2
might play a role in chronic joint inflammation in RA.

Angptl2 mRNA and Protein Are Expressed in
the Hyperplastic Lining Cell Layer, Lymphatic
Follicles, and Infiltrating Endothelial Cells in the
RA Synovium

H&E staining revealed hyperplasia of the RA synovium
characterized by macrophage-like and fibroblast-like sy-
noviocytes and infiltrating endothelial cells (Figure 2A).
The expression of Angptl2 mRNA in the RA synovium was
analyzed by in situ hybridization. Anti-sense probes de-
tected Angptl2 mRNA expression in the RA synovium,
whereas the sense control probe did not (Figure 2, B and
C). Notably, Angptl2 mRNA was abundantly expressed in
the hyperplastic lining cell layer (arrowheads in Figure 2,
D and E), the lymphatic follicle (framed by dashed lines in
Figure 2, D and F), and in endothelial cells (arrows in Figure
2, D and G). In contrast, lower levels of Angptl2 mRNA were
observed in synovium from OA patients, which exhibited a
delicate intimal lining (Figure 2, H and I).

Next, Angptl2 protein expression was examined by
immunohistochemistry. All anti-Angptl2 antibodies used
in this study recognized specifically human Angptl2 pro-
tein, but not Angiopoietin-1 and -2 or other members of
Angptl family (data not shown). The hyperplastic RA sy-
novium highly expressed Angptl2 protein (Figure 3, A-C),
as observed with the in situ hybridization results. Angptl2
protein was also abundantly expressed in the hyperplas-
tic lining cell layer (arrowheads in Figure 3, D and E), the
lymphatic follicles (framed by dashed lines in Figure 3, D
and F), and endothelial cells (arrow in Figure 3, D and G).
In contrast, lower Angptl2 protein levels were detected in
the synovium from OA patients (Figure 3, H and I).

Angptl2 Protein Is Expressed in Fibroblast-Like
and Macrophage-Like Synoviocytes in the RA
Synovium

Double immunofluorescent staining of the RA synovium
was performed to identify which cells produce Angptl2
using antibodies against Angptl2 and markers of specific
cell lineages followed by confocal microscopy analysis.
In the hyperplastic lining cell layer, vimentin-, synoviolin-,
and CD68-expressing cells coexpressed Angptl2 (Figure
4A). In the lymphatic follicle, vimentin-, synoviolin-, and
Mac2-expressing cells, but not CD3- or CD20-expressing
cells, coexpressed Angptl2 (Figure 4B). Taken together
these findings indicate that fibroblast-like and macro-
phage-like synoviocytes, but not B and T lymphocytes,
produce Angptl2 in the RA synovium. Next, the expres-
sion of other members of the Angptl family and angiopoi-
etins in the RA synovium was examined. Notably, the
expression of Angptl2 mRNA in RA synovial tissues was
significantly higher than those of any other Angptls and
angiopoietin-1 and -2 (Figure 5A), suggesting important
roles of Angptl2 in RA pathogenesis. The secretion of
Angptl2 by RA synoviocytes was also investigated. An in
vitro culture analysis of fibroblast-like synoviocytes re-
vealed that Angptl2 concentrations in the culture medium
after initiating the culture were significantly increased at
the time of passing in all cases (Figure 5B). These find-
ings indicate that the RA synovium secretes Angpti2.

Angptl2 Increases Chemotactic Activity of RA
Synovial Fluid-Derived Monocytes

Angptl2 promotes chemotactic activities of primary hu-
man monocytes from peripheral circulation and THP-1
human monocyte cells through integrins a4 and/or 2.8
Therefore, RA synovium-derived Angptl2 may contribute
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Figure 3. Angptl2 immunohistochemistry in the
synovium of an RA patient. A—G: Immunohisto-
chemistry for Angptl2 in the RA synovium. A—C:
Lower magnification photograph of Angptl2 pro-
tein expression (A, anti-Angptl2 antibody; B, iso-
type IgG control; C, second antibody only) in

proliferative synovium of an RA patient. D—-G:
Higher magnification (in lining cell layer [El,
lymphatic follicles [F], and endothelial cells [G] in
the RA synovium) of D. The arrowheads indi-
cate lining cell layer. The arrows indicate endo-
thelial cells. The area enclosed by dotted lines
indicates lymphatic follicle. Data shown are rep-
resentative expression patterns derived from 14
independent RA patients. H and I: Lower mag-
nification photograph of Angptl2 protein expres-

sion (H, anti-Angptl2 antibody; I, isotype 1gG
control) in proliferative synovium of an OA pa-
tient. Inset in H shows higher magnification of
H. Data shown are representative expression
patterns derived from 11 OA patients. Scale
bars = 200 wm in A, B, and C, 50 um in D, H,
and I, 20 um in E, F, and G.

to inflammation within RA joints by increasing monocyte
infiltration into the synovial fluid. CD14*CD16~ mono-
cytes and CD14~CD16™ neutrophils were isolated from
RA synovial fluid by FACS (Figure 6, A-C), and the iso-
lated cells were confirmed to be monocytes and neutro-
phils by histology (Figure 6D). On average, the percent-
age of CD14"CD16™~ monocytes in comparison with total
cells from RA synovial fluid was about 28% (Figure 6E).
FACS analysis revealed that RA synovial fluid-derived
CD14*CD16~ monocytes expressed integrins a4, B2,
B1, and o5 B1, whereas CD14-CD16™" neutrophils ex-
pressed only integrin B2 at low levels (Figure 6F). Angptl2

A Angpti2

Merge

vy}

vimentin synoviolin Mac2

Merge Angpti2

promoted chemotactic activities of primary human mono-
cytes from RA synovial fluid in a dose-dependent manner
(Figures 6G), whereas few such effects were observed in
neutrophils after Angptl2 treatment (data not shown). The
difference in the number of accumulated monocytes in
synovial tissue between RA and OA was examined be-
cause synovial tissue is a source of Angptl2 in RA joint
and its expression is significantly higher than in OA.
Mac2-positive monocytes/macrophages in RA synovial
tissue were markedly increased in comparison with OA
(Figure 6H). In addition, an increased number of CD31*
endothelial cells in RA synovial tissue was observed in

Figure 4. Double immunofluoresence staining
for Angptl2 and cellular lineage markers. A: The
coexpression of Angptl2 with vimentin, synovio-
lin, or CD68 in the lining cell layer with from a
patient with RA. Angptl2 is expressed in fibro-
blast-like synoviocytes (vimentin™® cells and sy-
noviolin* cells) and macrophage-like synovio-
cytes (CD68™ cells). B: The coexpression in the
lymphatic follicle from a patient with RA of An-
gptl2 with vimentin, synoviolin, MAC2, CD3, or
CD20. Angptl2 is also expressed in fibroblast-
like synoviocytes (vimentin* and synoviolin™
cells) and macrophage-like synoviocytes (MAC2™*
cells), but not in T (CD3%) or B (CD20™) cells.
Representative expression patterns derived from
three independent RA patients are shown. 1gG
indicates isotype IgG control; PBS, second anti-
body only. Scale bars = 20 um in all panels.
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Figure 5. Expression and secretion of Angptl2 in primary RA synovial
fibroblasts. A: Comparison of the relative expression levels of Angptl family
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was set to 100%. Columns represent the means = SD. B: Concentrations of
cultured synovial tissues—derived Angptl2 protein secreted into the medium
were determined by ELISA at 0 hours (medium before starting culture), 6
hours, and 24 hours after starting the culture (12 = 5).

comparison with OA (Figure 61). Angptl2 might function in
inflammatory pathogenesis of RA through increasing
chemotactic activities not only for monocytes/macro-
phages but also for endothelial cells in the RA synovium
because Angptl2 could promotes chemotactic activity in
a variety of endothelial cells.'®22

Serum Angptl2 Concentrations Are Correlated
with RA Disease Activity

Therefore, Angptl2 would be a strong candidate as proin-
flammatory factor in RA synovial tissues. Therefore, this
study examined whether serum Angptl2 levels correlate
with RA disease activity. Because the general disease
activity of RA is commonly evaluated by using the
DAS28-ESR score or DAS28-CRP score, serum Angptl2
levels in outpatients (n = 206) were compared with RA
disease activity evaluated by DAS28 scores. The serum
Angptl2 levels positively correlated with both DAS28-ESR
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and DAS28-CRP scores (Figure 7A). In addition, serum
Angptl2 levels were significantly elevated in patients with
increased RA disease activity characterized by DAS28-
CRP active/DAS28-ESR active or DAS28-CRP remission/
DAS28-ESR active (Figure 7B). There was no difference
in the serum Angptl2 levels between the healthy controls
and RA patients without RA disease activity character-
ized by DAS28-CRP remission/DAS28-ESR remission. In
addition, no patient demonstrated DAS28-CRP active/
DAS28-ESR remission.

Angptl2 Concentrations Correlate with Angptl4
Levels in RA Synovial Fluid

Although the expression analysis indicated that the ex-
pression levels of Angptl4 in RA synovial tissues were
about 1/100 of those of Angptl2 (Figure 5A), several
recent reports suggested a contribution of Angptl4 in RA
pathogenesis.?®>2* To investigate whether Angptl4 would
function in RA pathogenesis, the levels of Angptl4 in both
serum and synovial fluid were also measured by ELISA
for specifically for the full-length form of Angptl4 (Figure
8A). Synovial fluid Angptl4 levels were significantly ele-
vated in comparison with OA, whereas there was no
difference in the serum Angptl4 levels between RA and
OA (Figure 8B). Interestingly, the synovial fluid Angptl2
levels positively correlated with the synovial fluid Angptl4
levels, thus suggesting a functional relationship between
them in RA pathogenesis (Figure 8C).

Discussion

Angptl2 is a chronic inflammatory mediator.'® This is the
first report that activated synoviocytes-derived Angptl2
might play an important role in RA pathogenesis through
promoting synovial inflammation.

RA is a chronic inflammatory disease characterized
by symmetrical polyarticular synovitis and joint de-
struction.” The RA synovial membrane contains many
cell types, including endothelial cells, monocytes/mac-
rophages, lymphocytes, and osteoclasts as activated
infiltrating cells, and synoviocytes as activated resident
cells. These cells play important roles in inflammation and
joint destruction in RA."? Angptl2 promotes migration of
endothelial cells through the integrin a581 receptor.'®
In addition, Angptl2 binds to primary human circulating
monocytes and human THP-1 monocytic cells through
integrin a4 or B2 receptors'® and can induce their migra-
tion. The current study found that CD14*CD16~ mono-
cytes in RA synovial fluid also express integrin a4 and B2
receptors and that Angptl2 promotes chemotaxis in these
cells. These findings suggested that the Angptl2-induced
chemotactic activity of monocytes would be dependent
on Angptl2-integrin signaling like the mechanisms under-
lying Angptl2-induced chemotactic activity of endothelial
cells. Monocytes/macrophages, which are major sources
of proinflammatory cytokines, play an important role in
chronic inflammation of RA.#2° These findings suggest
an important role for RA synovium-derived Angptl2 in
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recruitment of monocytes/macrophages, which are in-
creased in the synovium and synovial fluid in RA.

The synovium is normally a relatively acellular structure
with a delicate intimal lining." In contrast, the RA syno-
vium is greatly expanded, and many infiltrating cells,
including not only inflammatory hematopoietic lineage
cells but also vascular endothelial cells, exist in the RA
synovium.'? Angiogenesis is known to feed the growing
synovium,?® as observed in neoplastic disease. In-
creased vascularization was observed in the RA syno-
vium (Figure 6l). Vascular endothelial growth factor plays
a pivotal role in angiogenesis during expansion of the RA
synovium.?®2” Angptl2 also induces angiogenesis®®?®
by increasing the chemotactic but not proliferative activ-
ity of endothelial cells through activating Rac1 in endo-
thelial cells via integrin «581,"® suggesting a role for
Angptl2 in the expanding synovium through promoting
angiogenesis coordinated with other angiogenic factors.
Furthermore, Angptl2 stimulates nuclear translocation of
NF-kB through integrin «5B1, resulting in increases in
NF-kB—dependent inflammatory gene expression in en-
dothelial cells and chronic vascular inflammation.'® An-

gptl2 signaling is thus an important player in chronic
inflammation in RA, because vascular inflammation is
also commonly observed in chronic inflammatory patho-
genesis®®2° and NF-«B is activated in the synovium of
RA patients.”2%3" Suppression of cytokine-induced in-
flammation by several antirheumatic drugs could be
important strategies in the treatment of RA through sup-
pressing inflammatory cellular infiltration and angiogene-
sis in the RA joints.?2® In this regard, inhibiting Angptl2
function would be a good strategy to suppress the proin-
flammatory cytokine production by inhibiting the recruit-
ment of monocytes/macrophages.

One measure of the clinical characteristics of RA is
articular destruction, as well as synovitis." Activated os-
teoclasts function in the process of articular destruc-
tion.%233 Angptl2 affects a different cell type through
distinct integrins. In this regard, it is of interest to deter-
mine whether Angptl2 contributes to articular destruction
by activating osteoclasts, because osteoclasts express
some integrins, and integrin signaling can activate oste-
oclasts.®* Furthermore, integrins, such as a5p1, are
highly expressed in not only infiltrated monocytes/mac-
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rophages but also in RA synovial fibroblasts (also known
as fibroblast-like synoviocytes),3*28 which are key cellu-
lar players in RA pathogenesis. Synovial fibroblasts ex-
press some matrix metalloproteinase, which results in
Rac1 activation and NF-«B regulation.®®~*" In addition,
articular chondrocytes express MMPs through «581 in-
tegrin signaling.*>~** These findings suggest that the
intra-articular high concentrations of Angptl2 affect many
cell types in RA joint tissues, resulting in pathological
changes of RA. Further investigation is required to iden-
tify the role of Angptl2 in RA pathogenesis. Angptl4, the
other member of Angptl family, is highly expressed in the
early phase of collagen-induced arthritis,*> whereas An-
gptl2 highly expressed in the later phase of collagen-
induced arthritis. These findings are consistent with the
current findings that clinical samples analyzed in this
study were all obtained from late stage of RA, and An-
gptld mRNA expression in RA synovial tissues were
about 1/100 of those of Angptl2 (Figure 5A), suggesting
that Angptl4 expression may be more elevated in early
stage of RA synovial tissues. Angptl4 promotes MMP-1
and MMP-3 expression in primary chondrocytes from
patients with RA.24 This study found a positive correlation
in between the concentrations of Angptl2 and Angptl4 in
the synovial fluid, suggesting that they might act compet-
itively or compensatively in RA pathogenesis.
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This study revealed that the activated RA synovium
abundantly expresses Angptl2 mRNA and protein and
that synovial cells secrete Angptl2. These findings raise
the question of the mechanisms underlying the upregu-
lation of Angptl2 expression in RA synovium. The Angptl2
expression is increased by hypoxia, malnutrition, and
endoplasmic reticulum stress in obese adipose tissues. '®
Various miroenvironmental changes observed in the RA
joint, such as inflammation and hypoxia, could also pro-
mote endoplasmic reticulum stress.*®¢~4° Therefore, An-
gptl2 production in the synovium might be increased by
such environmental stimuli in RA, resulting in increased
synovial fluid concentrations of Angptl2 in RA patients in
comparison with OA patients. Interestingly, serum An-
gptl2 levels in RA patients are also correlated with dis-
eases activity, suggesting a role of Angptl2 in advancing
RA inflammatory pathogenesis and a possibility of serum
Angptl2 levels as a clinical biomarker of RA disease
activity. It is necessary to determine whether serum An-
gptl2 levels reflects the Angptl2 expression levels in sy-
novial tissues and the fluid of RA joints, because there
was only a trend association between Angptl2 concen-
trations in serum and synovial fluid in this study. This may
be attributable to the small number (n = 14) of RA inpa-
tients who provided specimens for estimating the corre-
lation in this study. The general activities of most of RA
patients analyzed in this study were well-controlled, and
patients in this study actually showed lower CRP levels in
comparison with those reported elsewhere.® Therefore,
further investigation of a large number of RA patients
including uncontrolled RA disease states is required to
identify whether synovial fluid Angptl2 concentrations af-
fects serum Angptl2 concentration and to reveal the mea-
sured circulating Angptl2 levels would therefore be useful
as a clinical biomarker for the RA disease activity.



2318 Okada et al
AJP May 2010, Vol. 176, No. 5

OA is characterized by degeneration of articular carti-
lage and changes in periarticular and subchondral
bone.*° Recent studies of OA have provided new insights
into how chronic lower grade activation of proinflamma-
tory pathways contributes to OA pathogenesis.®°~52 The
current study found lower concentrations of Angptl2 in
OA synovial fluid relative to those of RA and that the cells
expressing Angptl2 at lower levels were scattered in the
OA synovium. Interestingly, both RA synovial fluid and
OA synovial fluid contain amount of fibronectin frag-
ments, which act as ligands for a581 integrins®>4* as
well as Angptls. Integrin signaling stimulated by fibronec-
tin fragments in human articular chondrocytes is associ-
ated with production and release of MMP-13,%2 which is a
potent mediator of cartilage matrix degradation for OA
pathogenesis.®® These findings suggest that intraarticu-
lar Angptl2 might induce production of MMPs by stimu-
lating integrin signaling, including «5B1 integrin, and
contribute matrix degradation in pathogenesis of OA. It
would be interesting to investigate the role of Angptl2 in
OA in addition to RA.

In summary, this study provides evidence that Angptl2
is abundantly expressed and secreted in the RA syno-
vium and suggests that Angptl2 plays a role in inflamma-
tion of the RA synovium via inflammatory vascular remod-
eling and recruitment of macrophages into RA joints.
Recent reports suggesting a possible role of other mem-
ber of the Angptl family, such as Angptl432* and An-
gptl5'” in pathogenesis of arthritis, including RA, have
accumulated. Further investigation to identify the roles of
Angptl family in pathogenesis of RA might therefore open
the door to the development of new therapeutic ap-
proaches for RA.
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