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Increasing production of matrix metalloproteinases, tumor necrosis factor-a, vascular
endothelial growth factor and prostaglandin E, in rheumatoid arthritis synovial fibroblasts
by different adiponectin isoforms in a concentration-dependent manner
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Abstract

Adipokines have been known to play a significant role in rtheumatic disease via synovial fibroblasts. However, to date, the concentration effects of adiponectin
isoforms on the pathophysiology of rheumatoid arthritis (RA) have not been extensively studied. Therefore, the present study examined the different effects of the
adiponectin isoforms on rheumatoid arthritis synovial fibroblasts (RASF) and investigated the relations between the concentration of individual adiponectin isoforms
and the production of the inflammatory factors of RASF. Articular synovial tissues were obtained from the patients fulfilled with diagnostic criteria of RA, and health
people. RASF and human fibroblast-like synoviocytes (HFLS) were isolated and cultured. They were stimulated with increasing concentrations of 25 pg/ml, 50 pg/
ml, and 100pg/ml of different human adiponectin isoforms. The levels of matrix metalloproteinase (MMP)-3, MMP-10, tumor necrosis factor (TNF)-o, vascular
endothelial growth factor (VEGF), and prostaglandin E, (PGE,) in culture supernatants were measured by immunoassays. The results showed the levels of MMP-3,
MMP-10, TNF-0, VEGF and PGE, were significantly increased in RASF which were treated with individual adiponectin isoforms compared to untreated RASF
(p<0.01), and the increases also had significances compared to HFLS which were treated with the same conditions (p<0.05). Moreover, the effect of HMW (high
molecular weight)/ MMW (middle molecular weight) was the strongest among them. In conclusion, all three adiponectin isoforms may contribute to proinflammatory
effect by stimulating the production of MMP-3, MMP-10, TNF-a, VEGF and PGE, of RASF in a concentration-dependent manner. HMW/MMW adiponectin could

play an important role in matrix destroying and synovial vascular creating of the pathology of RA.
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Introduction

RA is a chronic systemic autoimmune disease cha-
racterised by persistent synovitis and progressive da-
mage to articular cartilage and subchondral bone (1).
And synovial fibroblasts are considered to be the lead
cells that drive the persistent, destructive characteristics
of the disease (2).

Adiponectin, also known as GBP28, apM1, Acrp30,
or AdipoQ, was discovered in 1995, and has been cha-
racterized in mice as the mRNA transcript most highly
expressed in adipocytes. Adiponectin has structural ho-
mology with collagens VIII, X and complement factor
Clq (3). Interestingly, adiponectin is not a homogenous
entity but consists of several isoforms corresponding to
different oligomers. Trimeric adiponectin, also called
low molecular weight (LMW) adiponectin, is composed
of three full-length adiponectin monomers forming a
collagen triple helix with a C-terminal globular gClq
domain (head domain). The adiponectin hexamer, the
so-called middle molecular weight (MMW) adiponec-
tin, is a combination of two trimeric adiponectin mole-
cules, while an assembly of 12-18 monomers is collecti-
vely termed high molecular weight (HMW) adiponectin
(4). In addition, individual adiponectin isoforms display
distinct biological effect in more than one type of cell
(5-6).

Recently, some evidences indicate that adiponectin
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has a wide range of effects in pathologies with inflam-
matory components, such as cardiovascular disease (7),
endothelial dysfunction (8), type 2 diabetes, metabolic
syndrome (9), osteoarthritis (OA) (6) and RA. Articular
and synovial adipose tissue can be suspected of playing
a role in joint inflammation, but thus far, the local bio-
logical function of articular adipose tissue has remained
largely unknown. Some experiments found the increa-
sing levels of adponectin in both serum and articular
synovial fluid of the patients with RA in comparison to
healthy people (10). Even though some studies have in-
vestigated the effects of adiponectin isoforms on RASF
(11), no study has yet analysed the concentration effects
of adiponectin isoforms on the pathophysiology of RA.

Therefore, in this stdudy we investigated whether
the adiponectin isoforms differentially affect the expres-
sion of relative inflammatory factors of RASF, and the
relationship between the concentration of individual
adiponectin isoforms and the inflammatory factors pro-
duction of RASF.

Materials and methods

Cell Culture

Synovial tissue samples were obtained from synovial
biopsy specimens from four RA patients who were un-
dergoing joint surgery and four health people who nee-
ded traumatic surgery. The patients with RA all fulfilled
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with diagnostic criteria of the 1987 American College of
Rheumatology (ACR) (12), and the health people were
excluded rheumatic disease. Fresh synovial tissues were
minced and digested in a solution of collagenase and
DNase. Isolated fibroblasts were filtered through 70 uM
nylon filters. The cells were grown on the plastic cell
culture dishes in Dulbecco’s modified Eagle’s medium
(DMEM; Gibco) containing 15% heat-inactivated fetal
bovine serum (FBS; Gibco), 100 units/ml penicillin and
streptomycin (Gibco). The dishes were cultured at 37
°C in 95% air-5% CO,. Fibroblasts from passages four
to five were used for the experiments.

Ethics and consent

The study has been approved by the Ethics Commit-
tee of China-Japan Union Hospital and has been perfor-
med in accordance with the 1964 Declaration of Helsin-
ki and its later amendments. All participants gave their
informed consent prior to their inclusion in the study.

Stimulation of RASF and HFLS

RASF and HFLS (4x10%well) were distributed in
24-well plates, and cultured overnight. After reachi-
ng confluence, cells were stimulated with increasing
concentrations of 25 pg/ml, 50 pg/ml, and 100 pg/ml
of different human adiponectin isoforms (BioVendor,
Heidelberg, Germany) for 15 h : native adiponectin
(a mixture of different adiponectin isoforms, recombi-
nantly produced in HEK 293 cells), HMW/MMW-en-
riched adiponectin (recombinantly produced in HEK
293 cells), and trimeric adiponectin (recombinantly pro-
duced in HEK 293 cells; prevented from further oligo-
merisation by a single amino acid mutation). The total
volume of each well was 400 pl. The stimulation time
was chosen based on other researches (13). Unstimula-
ted RASF and HFLS served as controls. Supernatants

were collected and frozen immediately at -20 °C until
further evaluation. Each of the experiments was repea-
ted twice.

Enzyme-linked immunosorbent assays

MMP-3, MMP-10, TNF-0, VEGF and PGE, levels
in cell culture supernatants were measured using two
ELISA kits (MMP-10 and PGE,) from Abnova and
three kits (MMP-3, TNF-o and VEGF) from Boster.
Each sample was detected twice.

Statistical analysis

Experimental replicates were used to calculate arith-
metic means and standard errors of the mean (SEM).
Data are presented as the mean + SEM. In order to
assess the significance of differences, a Student’s two-
tailed t-test was performed for pairwise comparisons.
For multiple comparisons, Tukey’s post-hoc test was
performed. P values less than 0.05 were considered si-
gnificant. Statistical calculations were performed using
Statistical Product and Service Solutions (SPSS) 19.0.

Results

We found increasing productions of MMP-3, MMP-
10, TNF-a, VEGF and PGE, in RASF at different levels
when stimulated with all three adiponectin isoforms
compared to unstimulated RASF. With HMW/MMW
adiponectin, basal MMP-3 concentration was 125.39
ng/ml, which was distinctly increased up to 2449.70 ng/
ml (19.54-fold increase) when using concentration of
100 pg/ml. Whereas MMP-10 synthesis was increased
from 109.81 to 191.21 pg/ml (1.74-fold increase). Simi-
larly, the productions of TNF-a, VEGF and PGE, were
increased 1.54-fold, 1.70-fold and 1.94-fold respecti-
vely (Table 1.). With trimeric adiponectin, basal MMP-

Table 1. Differentially induced inflammatory factors secretion in RASF by increasing concentration of HMW/MMW adiponectin.

Inﬂ:mmatory Concent.ration of Mean £+ SEM (ng/ml; MMP-10 pg/ml) p, Value p, Value
actors adponectin (ng/ml) RASF HFLS

MMP-3 0 1253872 £+ 2.3231 36.4877 £ 0.2355 - 0.027
25 1753.6785 =+ 110.8974 480.9007 + 16.7045 <0.01 <0.01

50 22952024 + 43.3746 629.0282 =+  6.9606 <0.01 <0.01

100 2449.6997 + 93.2596 690.4022 + 15.6200 <0.01 <0.01

MMP-10 0 109.8130 £ 0.0566 36.4687 £+ 0.0035 - <0.01
25 168.2235 + 0.7943 57.9600 <+ 0.1356 <0.01 <0.01

50 179.2061 + 0.7190 58.4200 + 0.5023 <0.01 <0.01

100 191.2116 + 1.2061 61.7771 £ 0.2300 <0.01 <0.01

TNF-a 0 31.79095 <+ 0.6211 10.5082 =+ 0.3143 - <0.01
25 43.6004 <+ 0.3318 154847 + 0.0858 <0.01 <0.01

50 439705 + 02729 16.0361 + 0.1559 <0.01 <0.01

100 489083 £ 1.1045 16.6767 £ 0.2970 <0.01 <0.01

VEGF 0 21.5763 + 0.5379 6.3432 + 0.0810 - <0.01
25 38.0452  + 0.7330 11.8594 + 0.1004 <0.01 <0.01

50 38.7921 + 1.2377 12.3007 + 0.2230 <0.01 <0.01

100 39.6635 £ 0.4433 149946 £ 0.1121 <0.01 <0.01

PGE, 0 27.7920 + 0.6458 10.0664 =+ 0.2566 - <0.01
25 61.6466 + 59162 18.0251 £ 0.9466 <0.01 0.01

50 68.8401 + 5.8518 18.8092 + 0.5307 <0.01 0.013

100 78.0393 + 9.3568 19.7219 £+ 0.8902 <0.01 0.024

p, as compared with unstimulated RASF; p, as compared with HFLS which were treated with the same conditions; SEM, standard errors of the
mean; MMP, matrix metalloproteinase; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor; PGE,, prostaglandin E,; RASF,
rheumatoid arthritis synovial fibroblasts; HFLS, human fibroblast-like synoviocytes; HMM, high molecular weight; MMW, middle molecular

weight.
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3 concentration was 125.39 ng/ml, which was distinctly
increased up to 890.53 ng/ml (7.10-fold increase) when
using concentration of 100 pg/ml. Whereas MMP-
10 synthesis was increased from 109.81 to 117.61 pg/
ml (1.07-fold increase). Similarly, the productions of
TNF-a, VEGF and PGE, were increased 1.22-fold, 1.37-
fold and 1.53-fold respectively (Table 2.). With native
adiponectin, basal MMP-3 concentration was 125.39
ng/ml, which was distinctly increased up to 1723.19 ng/
ml (13.74-fold increase) when using concentration of
100 pg/ml. Whereas, MMP-10 synthesis was increased

from 109.81 to 163.77 pg/ml (1.49-fold increase). Si-
milarly, the productions of TNF-o, VEGF and PGE,
were increased 1.36-fold, 1.84-fold and 2.8-fold res-
pectively (Table 3.). The levels of MMP-3, MMP-10,
TNF-a, VEGF and PGE, were significantly increased
in RASF which were treated with individual adiponec-
tin isoforms compared to untreated RASF (p<0.01), and
the increases also had significances compared to HFLS
which were treated with the same conditions (p<0.05).
In addition, we investigated the effects of increasing
concentration of individual adiponectin isoforms on the

Table 2. Differentially induced inflammatory factors secretion in RASF by increasing concentration of trimeric adiponectin.

Inflammatory Concentration of Mean + SEM (ng/ml; MMP-10 pg/ml)
factors adponectin (ng/ml) p, Value p, Value
RASF HFLS

MMP-3 0 125.3872  + 23231 36.4877 +  0.2355 - 0.027

25 756.7223 + 21.7850 219.2916  +  5.2250 <0.01 <0.01

50 850.1696 + 60.2834 230.7000 +  4.2334 <0.01 <0.01

100 890.5259 + 20.9807 244.1245 +  16.6385 <0.01 <0.01

MMP-10 0 109.8130 = 0.0566 36.4687 +  0.0035 - <0.01

25 113.1960 + 0.1735 37.6630 £  0.1579 <0.01 <0.01

50 115.5218 £+ 0.9127 39.8583 £+ 0.0251 <0.01 <0.01

100 117.6078 + 0.2048 40.8833  +  0.0484 <0.01 <0.01

TNF-a 0 31.7910 = 0.6211 10.5082 £ 0.3143 - <0.01

25 35.1766 + 0.1523 11.1334 £ 0.2960 <0.01 <0.01

50 37.4581 £+ 0.2999 12.0178 £  0.4578 <0.01 <0.01

100 38.6876 £+ 0.3448 123955 £ 0.1421 <0.01 <0.01

VEGF 0 21.5763 += 0.5379 63432 £  0.0810 - <0.01

25 25.8587 + 0.4231 8.1326 £+  0.0654 <0.01 <0.01

50 282370 + 0.4937 8.9280 +  0.2428 <0.01 <0.01

100 29.6485 + 0.2473 9.7542  +  0.0887 <0.01 <0.01

PGE, 0 27.7920 + 0.6458 10.0664 £+  0.2566 - <0.01

25 36.0502 + 1.8932 12.7629  +  0.1815 <0.01 <0.01

50 39.4439 £+ 1.7804 13.8960  +  0.3229 <0.01 <0.01

100 42,6130 + 3.9952 14.4224  +  0.2997 <0.01 <0.01

p, as compared with unstimulated RASF; p, as compared with HFLS which were treated with the same conditions; SEM, standard errors of the
mean; MMP, matrix metalloproteinase; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor; PGE,, prostaglandin E,; RASF,
rheumatoid arthritis synovial fibroblasts; HFLS, human fibroblast-like synoviocytes.

Table 3. Differentially induced inflammatory factors secretion in RASF by increasing concentration of native adiponectin.

Inflammatory Concentration of Mean + SEM (ng/ml; MMP-10 pg/ml)
factors adponectin (pg/ml) p, Value p, Value
RASF HFLS

MMP-3 0 125.3872 +  2.3231 364877  +  0.2355 - 0.027

25 1084.2904 +  34.6511 311.8274 £+ 10.0091 <0.01 <0.01

50 1538.2748 +  28.8827 500.2365 +  17.2931 <0.01 <0.01

100 1723.1881 +  33.2921 572.0954 +  11.3823 <0.01 <0.01

MMP-10 0 109.8130 =  0.0566 36.4687 +  0.0035 - <0.01

25 125.5899 +  0.2018 37.2011 = 0.0234 <0.01 <0.01

50 130.8795 +  1.2053 38.0913 £+  0.0508 <0.01 <0.01

100 163.7741 +  0.8738 40.8833 £  0.0484 <0.01 <0.01

TNF-a 0 31.7910 +  0.6211 10.5082 = 03143 - <0.01

25 41.4470 +  1.1426 12.9691 +  0.0699 <0.01 <0.01

50 41.7149 +  0.9592 13.8804 £  0.1848 <0.01 <0.01

100 43.3624 + 03551 13.9715 + 0.3413 <0.01 <0.01

VEGF 0 21.5763 +  0.5379 6.3432 £+  0.0810 - <0.01

25 30.0014 +  0.7808 103097 £  0.1096 <0.01 <0.01

50 328396 + 0.3333 10.5206 £  0.0997 <0.01 <0.01

100 36.6496 £ 0.3965 10.7905 +  0.4693 <0.01 <0.01

PGE, 0 27.7920 £  0.6458 10.0664 £+  0.2566 - <0.01

25 435123+ 1.7553 145228 £  1.6084 <0.01 0.01

50 48.0222 + 55116 16.9067 £+  1.3078 <0.01 <0.01

100 538552 £ 27293 173971 £  0.7064 <0.01 <0.01

p, as compared with unstimulated RASF; p, as compared with HFLS which were treated with the same conditions; SEM, standard errors of the
mean; MMP, matrix metalloproteinase; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor; PGE,, prostaglandin E,; RASF,

rheumatoid arthritis synovial fibroblasts; HFLS, human fibroblast-like synoviocytes.

Copyright © 2015. All rights reserved.
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expression of MMP-3, MMP-10, TNF-0, VEGF and
PGE, in RASF and HFLS (Figure 1.). It is notable that
the effects appear not to be restricted to RASF, because
up-regulation of these inflammatory factors could also
be observed in HFLS. As expected, spontaneous expres-
sions of these inflammation-ralated molecules in HFLS
were lower than those in RASF. Generally the treatment
of RASF and HFLS with three adiponectin isoforms
resulted in a dose-dependent increase in all the inflam-
matory factors expression.

Among the three adiponectin isoforms, HMW/
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ml)
ml)

MMP-3 E 2
g g
H H
s z
20
*
/ @
180 /
= d o5
2" 2
MMP-10 s %
& 140 &
H o M
120- .
‘/’/‘/_ 36-
[ 100
Adiponcetin(ugn)
2
48 /
g4 — 1
o —t
TNF-a =4
M —
£36 " 7
[ 100
Adiponectin(pig/ml)
@  ax
i I
6. /'
D) v
2 v
£ .
VEGF & —
g v
b
0
[} 100
Adiponectin(gm)
g)
PGE, g

Figure 1. Stimulation of cultured synovial fibroblasts from
RA patients and healthy people with increasing concentration
of three adiponectin isoforms. * means p value, compared with
native and trimeric adiponectin, less than 0.01; MMP, matrix metal-
loproteinase; TNF, tumor necrosis factor; VEGEF, vascular endothe-
lial growth factor; PGE,, prostaglandin E,; HMM, high molecular
weight; MMW, middle molecular weight; RASF, rheumatoid arthri-
tis synovial fibroblasts; HFLS, human fibroblast-like synoviocytes.

Copyright © 2015. All rights reserved.

MMW adiponectin effected the most strongly, and the
adiponectin trimeric effected the most weakly. The ef-
fect of the native adiponectin was between the two adi-
ponectin isoforms. P values of Tukey’s post-hoc test are
less than 0.01.

Discussion

Recently, adipokines have been known to play signi-
ficant roles in rheumatic disease via target tissues and
cells, including cartilage, synovium, bone and various
immune cells (14). Activated synovial fibroblasts wit-
hin the synovial lining, the perivascular area, and the
inflamed sublining are primary producers of adiponec-
tin (5). More foundings support that adipokines, espe-
cially adiponectin, exert proinflammatory actions in the
pathogenesis of RA (15-16). Some reports indicated the
concentrations of adiponectin in both serum and syno-
vial fluid of RA patients were higher than OA patients
(10, 17). In our previous report, we found the concentra-
tions of different adiponectin isoforms differed in serum
of RA patients in comparison to healthy people (18).
These researches indicated that adiponectin has a major
influence on the pathophysiology of RA. But studies
about the effect of the concentrations of different adi-
ponectin isoforms on RASF have not been reported yet.
In this study, we explored the relationship between the
concentration of individual adiponectin isoforms and
the production of the inflammatory factors of RASF,
including MMP-3, MMP-10, TNF-o, VEGF and PGE,.

In RA, MMPs, including MMP-3 and MMP-10,
are highly expressed perivascularly and in the syno-
vial lining layer and play pivotal roles in both cartilage
and bone destruction (19). In healthy tissue, MMPs are
usually barely expressed, whereas tissues undergoing
pathologic remodeling are high in MMPs (17). From-
mer et al. found all adiponectin isoforms could stimulate
the production of MMP-3 and MMP-10 in RASF, and
HMW/MMW adiponectin effected the most strongly
among the three adiponectin isoforms (11). Our studies
are consistent with theirs. Meanwhile, we also found
the effect of adponectin depends on the concentration.
Accordingly, the higher the concentrations of the indi-
vidual adiponectin isoforms are, the stronger the effect
of matrix destruction is.

There are many researches about the effect of VEGF
and TNF-o, which were known as proinflammatory-
related mediators, on the pathogenesis of RA (20-21).
However, whether adiponectin up-regulate or down-re-
gulate the productions of VEGF and TNF-a is controver-
sial. The study of Ehling et al. showed the expressions
of the VEGF and TNF-a were not altered by adiponec-
tin in RASF (13). Whereas, Lee et al. found adiponectin
contribute to the production of VEGF, MMP-1, MMP-
13, IL-6 and IL-8 in arthritic joints in endothelial cells
and osteoblasts (22). And Choi et al. found adiponectin
may stimulate VEGF, MMP-1 and MMP-13 expres-
sion in RASF more than proinflammatory mediators
(23). These researchers all used the native adiopenctin
as subject, but didn’t evaluate the adiponectin isoforms
effect. In our study, we found up-regulation of VEGF
and TNF-a in RASF treated with native, trimeric, and
HMW/MMW adiponectin. Our results indicated adipo-
nectin isoforms may contribute to synovitis and joint
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destruction in RA by stimulating VEGF and TNF-a pro-
duction. And we also found HMW/MMW adiponectin
effected the most strongly among the three adiponectin
isoforms.

PGE,, a very potent lipid mediator produced from
arachidonic acid through the action of cyclooxygenase
(COX) enzymes, functions significantly in the pathoge-
nesis of RA (24). Kusunoki et al. found that adiponectin
induces COX-2 and membrane-associated PGE syn-
thase 1 (mPGES-1) expression, resulting in the enhan-
cement of PGE, production by RASF (25). Thus, adipo-
nectin may play a role in the pathogenesis of synovitis
in RA patients. But there is no study about the effect
of concentration of different adiponectin isoforms on
PGE,. Our results showed that three adiponectin iso-
forms can stimulate the production of PGE, in RASF,
and HMW/MMW adiponectin effected the most stron-
gly among the three adiponectin isoforms in a concen-
tration-dependent manner.

Available data have suggested that adiponectin is
beneficial for metabolic and cardiovascular health (26),
and initial data have indicated that mainly HMW adipo-
nectin is responsible for the vascular-protective effect
(27). Our results suggest that three adiponectin isoforms
are detrimental in disease progression of RA. Moreover,
the HMW adiponectin shows the most strong effect.

All three adiponectin isoforms may contribute to
proinflammatory effect by stimulating the production of
MMP-3, MMP-10, TNF-a, VEGF and PGE, in RASF,
and the effect of HMW/MMW is the strongest among
them. Thus, HMW/MMW adiponectin could play an
important role in matrix destroying and synovial vascu-
lar creating of the pathology of RA. Reducing the level
of adiponectin in synovial fluid as low as possible, espe-
cially the HMW/MMW isoform, may be a new therapy
for RA.
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