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Adiponectin and leptin have recently emerged as potential risk factors in rheumatoid arthritis (RA) pathogenesis. In this study
we evaluated the effects of adiponectin and leptin on immunomodulatory function of adipose mesenchymal stem cells (ASCs)
derived from infrapatellar fat pad of RA patients. ASCs were stimulated with leptin, lowmolecular weight (LMW) and high/middle
molecular weight (HMW/MMW) adiponectin isoforms. The secretory activity of ASCs and their effect on rheumatoid synovial
fibroblasts (RA-FLS) and peripheral blood mononuclear cells (PBMCs) from healthy donors have been analysed. RA-ASCs
secreted spontaneously TGF𝛽, IL-6, IL-1Ra, PGE2, IL-8, and VEGF. Secretion of all these factors was considerably upregulated
by HMW/MMW adiponectin, but not by LMW adiponectin and leptin. Stimulation with HMW/MMW adiponectin partially
abolished proproliferative effect of ASC-derived soluble factors on RA-FLS but did not affect IL-6 secretion in FLS cultures. ASCs
pretreatedwithHMW/MMWadiponectinmaintained their anti-inflammatory function towards PBMCs, whichwasmanifested by
moderate PBMCs proliferation inhibition and IL-10 secretion induction.We have proved thatHMW/MMWadiponectin stimulates
secretory potential of rheumatoid ASCs but does not exert strong impact on ASCs function towards RA-FLS and PBMCs.

1. Introduction

Adiponectin and leptin have been recently considered to be
important factors in rheumatoid arthritis (RA) pathogen-
esis [1]. Both these adipokines play well known metabolic
role but also exert impact on immune system. Leptin is
a proinflammatory factor stimulating innate and acquired
immune response and its concentration increases during
infection and inflammation. Adiponectin exerts opposite
effects to leptin; however, many reports about its action are
conflicting, probably due to the existence of several isoforms
of this adipokine [2]. In plasma, adiponectin circulates in
four isoforms: lowmolecular weight (LMW) isoform,middle
molecular weight (MMW) isoform, high molecular weight
(HMW) isoform, and globular isoform, exhibiting different
effects on immune system. HMW isoform is thought to
possess proinflammatory activity, whereas LMW isoform is
thought to possess anti-inflammatory activity [2].

RA is an autoimmune disease characterized by syn-
ovial fibroblasts (FLS) hyperproliferation, overactivation of
lymphocytes, synovial membrane inflammation, cartilage
destruction, and bone erosion. In the rheumatoid joint,
apart from synovium, cartilage, and bone, fat pads are
affected by inflammatory process [3]. Intra-articular adi-
pose tissue is a local source of proinflammatory adipokines
[4] as well as of adipose mesenchymal stem cells (ASCs)
possessing immunoregulatory and regenerative properties.
These cells are very promising in terms of cell therapy of
autoimmune and degenerative diseases [5]. Mesenchymal
stem cells (MSCs) have been shown to suppress T cells
activation and to induce T regulatory cells (Tregs) generation.
Their immunoregulatory effects are mediated by various
factors, for example, transforming growth factor 𝛽 (TGF𝛽),
interleukin 6 (IL-6), interleukin 10 (IL-10), interleukin 1
receptor antagonist (IL-1Ra), and prostaglandin E2 (PGE2)
[6]. Because MSCs immunosuppressive activity is dependent
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on stimuli provided by local environment [6], we hypothesize
that adipocytokines present in rheumatoid joint may affect
ASCs function. The aim of this study was to evaluate the
effects of leptin and adiponectin isoforms on function of
ASCs derived from rheumatoid infrapatellar fat pad (IPFP).

2. Materials and Methods

2.1. ASCs Donors and ASCs Treatment. Infrapatellar fat
pads (IPFPs) were obtained from 29 RA patients under-
going total knee joint replacement surgery. All patients
were selected from the Rheumoortopaedic Clinic of the
Institute of Rheumatology in Warsaw and gave their writ-
ten informed consent according to the Declaration of
Helsinki. The study was approved by the Institute of
Rheumatology Ethics Committee. ASCs were isolated and
cultured in medium composed of DMEM/F12, 10% fetal
calf serum, and antibiotics. Cells showed differentiation
capacity to the chondrogenic and osteogenic lineages and
had the CD105+CD90+CD73+CD45−CD34+/−CD19−CD14−
phenotype. ASCs (2 × 104/well/1mL) at passages 3–5 were
seeded in culture medium and were treated or not with
10 ng/mL of recombinant human (rh) leptin (PeproTech,
London, UK), 10 𝜇g/mL of rhLMW adiponectin, or 10 𝜇g/mL
of rhHMW/MMW adiponectin (BioVendor, Brno, Czech
Republic). Concentrations of abovementioned adipocy-
tokines were selected on basis of their concentration in serum
of RA patients [7].

2.2. Immunoenzymatic Assays. After 24 h of stimulation,
culture supernatants (SNs) from ASCs were harvested. Con-
centrations of the following factors in SNs were measured
by specific ELISAs: IL-6, IL-8 (using own procedures as
previously described [8]), TGF𝛽, VEGF, IL-1Ra (DuoSet
kits, R&D Systems, Minneapolis, MN, USA), and PGE2
(Parameter kit, R&D Systems).

2.3. Conditioned Media Preparation. For ASC-conditioned
media (CM) preparation, ASCs were seeded and cultured
for 24 h with addition of adipocytokines as described above;
then, medium in stimulated ASCs cultures was replaced with
the fresh one, deprived of any stimuli. After additional 24 h of
culture, SNs (in volume of 900 𝜇L) were harvested and used
for RA-FLS cultures.

2.4. Rheumatoid FLS Treatment. Rheumatoid synovial fibro-
blasts (RA-FLS), isolated from rheumatoid synovial mem-
branes and cultured as described previously [8], were seeded
(2 × 104/well/1mL) in CM or cocultured with ASCs (2 ×
104/well/1mL). SNs fromcocultureswere harvested after 48 h,
whereas in CM-treated cells the medium was replaced with
the fresh one after 24 h and harvested after additional 24 h.
Concentration of IL-6 was measured in SNs as described
above. For proliferation assay, RA-FLS (2 × 104/well/0.1mL)
were cultured in CM or with ASCs (1 × 104/well/0.1mL)
for 48 h. Proliferation was evaluated by bromodeoxyuridine
(BrdU) cell proliferation assay (MilliporeCorporation, Biller-
ica, MA, USA).

2.5. Peripheral Blood Mononuclear Cells Treatment. Periph-
eral blood mononuclear cells (PBMCs), isolated from buffy
coats of healthy male donors according to routinely applied
procedure using Ficoll-Paque (GE Healthcare, Uppsala, Swe-
den), were treated or not with 2.5𝜇g/mL of phytohaemagglu-
tinin (PHA) and then cultured (4 × 105/well/1mL) for 24 h
with ASCs (2 × 104/well/1mL). SNs from cocultures were
harvested after 24 h and concentration of IL-10 wasmeasured
in SNs (Ready-SET-Go kit, eBioscience, San Diego, CA,
USA). For proliferation assay, PBMCs (1 × 105/well/0.1mL)
were seeded onto ASCs (1 × 104/well/0.1mL) and cultured for
72 h. PBMCs proliferation was evaluated using 3H-thymidine
incorporation assay.

2.6. Statistical Analysis. Statistical analysis was performed
using STATISTICA 10.0 software (Stat Soft Inc., Tulsa,
OK, USA). Obtained data was not normally distributed,
as assessed by Shapiro-Wilk test. The differences between
samples were evaluated using the nonparametric Wilcoxon
signed-rank test. All results are shown as arithmetic mean
and standard error of a mean. Differences were considered
statistically significant for ∗𝑝 < 0.05, ∗∗/##𝑝 < 0.01, and
∗∗∗𝑝 < 0.001.

3. Results

Immunomodulatory properties of ASCs are associated with
several soluble factors secretion [6]. As depicted in Figure 1,
RA-ASCs secreted TGF𝛽, IL-6, IL-1Ra, and PGE2 as well as
IL-8 and VEGF which are related to angiogenesis process.
Importantly, HMW/MMW adiponectin enhanced secretion
of all factors, whereas LMW adiponectin and leptin exerted
weaker or no effect, respectively (Figure 1). Given that among
applied adipokines only HMW/MMW adiponectin affected
ASCs secretory profile, we decided to test if HMW/MMW
adiponectin-stimulated ASCs exert any effects on RA-FLS
and PBMCs from healthy donors.

ASC-conditioned media (CM) contributed to upreg-
ulated proliferation of RA-FLS, which has already been
reported by our group [9]. This effect was partially abol-
ished by ASCs pretreatment with HMW/MMW adiponectin
(Figure 2(a)), but not with LMW isoform or leptin (own
data, not shown). Interestingly, proliferation of cells in cocul-
tures stayed unchanged (Figure 2(b)). Both CM from ASCs
and ASCs presence caused modest downregulation of IL-6
production, but it was independent of ASCs prestimulation.
Upon treatment with CM from HMW/MMW adiponectin-
stimulated ASCs, IL-6 secretion was slightly decreased com-
paring to CM from unstimulated ASCs; however, this differ-
ence did not reach statistical significance (Figure 2). LMW
adiponectin- or leptin-treated ASCs did not exert any impact
on IL-6 production in FLS cultures (own data, not shown).

Despite the strong impact of HMW/MMW adiponectin
on secretory potential of ASCs, this adipokine did not affect
ASCs immunosuppressive potential against PHA-activated
PBMCs from healthy donors. Proliferation of PBMCs was
moderately inhibited by the presence of unstimulated ASCs,
but pretreatment of ASCs with HMW/MMW adiponectin
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Figure 1: Adipokines effects on secretory activity of ASCs derived from rheumatoid infrapatellar fat pad. Unstimulated (Ctrl) or stimulated
with 10 ng/mL leptin (Lep), 10 𝜇g/mL of LMW adiponectin, or 10 𝜇g/mL of HMW/MMW adiponectin ASCs from RA patients were cultured
for 24 h. Concentrations of select factors were measured in supernatants collected from ASCs cultures using specific ELISA tests (n = 14–
18). Asterisks (∗) indicate statistically significant differences versus Ctrl; hash marks (#) indicate statistically significant differences between
indicated data. ∗𝑝 < 0.05, ∗∗/##𝑝 < 0.01, and ∗∗∗𝑝 < 0.001.

did not alter their antiproliferative effect (Figure 3(a)). Simi-
larly, induction of anti-inflammatory IL-10 in resting PBMCs
by ASCs was not further affected by prestimulation of ASCs
with HMW/MMW adiponectin (Figure 3(b)).

4. Discussion

In this in vitro study, we have analysed the impact of
select adipokines on function of human RA-ASCs derived

from intra-articularly localized infrapatellar fat pad. Previ-
ously, we have demonstrated that RA-ASCs express genes
coding for adiponectin (AdipoR1 and AdipoR2) and leptin
(ObRb) receptors [10]. Here, we proved that HMW/MMW
adiponectin acts as a strong stimulator of ASCs secretory
activity, whereas leptin and LMW adiponectin do not exert
considerable effects on ASCs. It is worth noting that some
factors, such as IL-6, TGF𝛽, and PGE

2
, responsible for

immunosuppressive ASCs function [6] might be detrimental
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Figure 2: Effects of unstimulated and HMW/MMW adiponectin-stimulated RA-ASCs on RA-FLS function. RA-FLS were cultured either
in conditioned media (CM) collected from RA-ASCs (a) or in the presence of RA-ASCs (b). For coculture experiments, unstimulated ASCs
(+Ctrl-ASCs) orASCs stimulatedwith 10𝜇g/mLofHMW/MMWadiponectin (+H/M-ASCs)were used,whereasCM from respective cultures
of unstimulated (Ctrl-CM) and stimulated (H/M-CM)ASCswere added to FLS. RA-FLS cultured separately (DMEM/F12) served as a control.
Proliferation of cells was determined by BrdU incorporation assay. Absorbency of samples was measured at 450 nm (A

450
). IL-6 was detected

by specific ELISA test. (a)The effects of ASC-CM on RA-FLS proliferation (𝑛 = 14) and IL-6 secretion (𝑛 = 17). (b) Proliferation (𝑛 = 6) and
IL-6 (𝑛 = 9) secretion in ASCs-FLS cocultures. Expected: the sum of the values obtained for separate FLS and ASCs cultures; obtained: real
values stated in the cocultures. Asterisks (∗) indicate statistically significant differences versusDMEM/F12; hashmarks (#) indicate statistically
significant differences between indicated data or between expected and obtained values; ∗∗/##𝑝 < 0.01; N.S.: nonsignificant.

in RA pathogenesis [11, 12]. In this view, observed in this
study, HMW/MMW adiponectin-induced IL-6, TGF𝛽, and
PGE
2
secretion increase may be recognized as an inten-

sification of ASCs anti-inflammatory activity and also as
a contribution of these cells to the inflammation in the
rheumatoid joint. Moreover, upregulation of IL-8 and VEGF,

important proangiogenic factors associated with arthritis,
seems to confirm this suggestion.

Studies about adiponectin isoforms effects on MSCs
are not available; however, it is known that HMW/MMW
adiponectin strongly upregulates secretion of cytokines and
chemokines by RA-FLS, while LMW adiponectin does not
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Figure 3: Effects of unstimulated and HMW/MMW adiponectin-stimulated RA-ASCs on proliferation of PBMCs from healthy donors
and IL-10 secretion by these cells. PBMCs either were prestimulated with 2.5𝜇g/mL of phytohaemagglutinin (activated PBMCs) or were
left untreated (resting PBMCs) and then cultured in the presence of unstimulated ASCs (+Ctrl-ASCs) or ASCs stimulated with 10𝜇g/mL
of HMW/MMW adiponectin (+H/M-ASCs). Resting and activated PBMCs cultured separately in DMEM/F12 medium served as controls
(DMEM/F12). Proliferation of cells was determined by 3H-thymidine incorporation assay. Radioactivity of samples is expressed in counts per
minute (cpm). Concentration of IL-10 was measured in culture supernatants by specific ELISA test. (a) Proliferation of PBMCs cocultured in
the presence of ASCs (𝑛 = 9). (b) IL-10 secretion in ASCs-PBMCs cocultures (𝑛 = 6). Asterisks (∗) indicate statistically significant differences
versus activated (a) or resting (b) PBMCs cultured separately; ∗𝑝 < 0.05; ∗∗𝑝 < 0.01; N.S.: nonsignificant.

have this impact, which was described independently by
two groups [7, 13]. Moreover, HMW/MMW adiponectin
was reported to be less potent in stimulating FLS from
osteoarthritis patients [13]. Together with present results it
shows that HMW adiponectin, but not LMW adiponectin
and leptin, strongly affects rheumatoid cells and suggests this
isoform contribution to RA pathogenesis.

Surprisingly, in spite of stimulating effect of HMW/
MMWadiponectin on RA-ASCs secretory activity (Figure 1),
we did not demonstrate that ASCs treatedwith this adipokine
modify significantly their functions towards other cells. To
evaluate HMW/MMW adiponectin impact on ASCs func-
tion we performed in vitro cocultures or cultures in ASC-
conditioned media with FLS from rheumatoid patients and
PBMCs from healthy donors. We aimed for in vitro setting in
which only ASCs would derive from pathologic environment
and responder cells would not be affected by inflammatory
process. Nonetheless, in case of FLS, it was not possible due
to ethical reasons.

In the course of RA, the synovial membrane inflamma-
tion develops and persists; FLS are overactivated, proliferate
excessively, and produce proinflammatory mediators and
tissues degrading enzymes [14]. We observed that soluble
factors released by RA-ASCs exert proproliferative effects
on RA-FLS, but it was partially abolished when ASCs were
prestimulated with HMW/MMW adiponectin. Possibly, it
was due to antiproliferative factors released by ASCs upon

HMW/MMW adiponectin stimulation, for example, IL-6,
TGF𝛽, and PGE2 [6]. Interestingly, the lack of cell pro-
liferation increase in coculture may indicate cell contact-
dependent reciprocal inhibition of trophic factors produc-
tion.

Interleukin 6 is associated with chronic inflamma-
tory response in RA [12]. We have already shown that
unstimulated ASCs moderately decreased IL-6 release in
RA-FLS culture [9]. Here, we demonstrated that HMW/
MMW adiponectin-pretreated ASCs exerted similar effect.
Thus, despite postulated proinflammatory role of HMW
adiponectin, we did not observe that this adipokine promotes
proinflammatory ASCs function towards RA-FLS in respect
of IL-6 secretion.This is in contrast to TNF, which, as we have
recently reported, triggers proinflammatory capabilities of
ASCs leading to upregulation of IL-6 and metalloproteinase
3 release by RA-FLS [9].

In the rheumatoid joint, mononuclear lymphoid cells
infiltrate into synovial membrane and form ectopic lymphoid
tissue. T lymphocytes activated in germinal centers of ectopic
lymphoid follicles proliferate excessively and contribute to
the chronic inflammation by proinflammatory cytokines
secretion [15]. In our study, unstimulated ASCs limited
proliferation of PHA-activated PBMCs and induced IL-10
production by resting PBMCs. Because ASCs pretreated with
HMW/MMW adiponectin did not alter their impact on
PBMCs (Figure 3), it is clear that this adipokine does not
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affect ASCs immunosuppressive activity towards lymphoid
cells.

It must be underlined in this section that present study
has several limitations.Due to ethical reasons, wewere unable
to obtain the IPFP and synovial membrane from healthy
donors. Thus, we could not provide responder FLS from
healthy individuals and our analysis was limited to unstimu-
lated versus stimulated rheumatoid ASCs. Comparing IPFP-
derived ASCs with ASCs from subcutaneous adipose tissue
(obtained from lipoaspirates) would be also questionable,
as it is known that different adipose tissue depots have
distinct secretory potential possibly influencing resident cells,
and ASCs derived from different fat source exhibit diverse
characteristics (i.e., proliferative and regenerative potential)
[16–18].

In conclusion, we demonstrated that HMW/MMW
adiponectin, but not LMW adiponectin and leptin, stimu-
lates considerably secretory potential of rheumatoid ASCs
suggesting its contribution to RA pathogenesis. However,
regardless of postulated proinflammatory role of HMW
adiponectin, we did not prove that this adipokine induces
proinflammatoryASCs activity towards RA-FLS and PBMCs.
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