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Abstract We examined the membrane expression of
inducible Hsp70 and HSP receptors like TLR2, TLR4,
CD14, CD36, CD40 and CD91 on fibroblast-like synovial
cells (SC) derived from synovial tissue in 23 patients with
rheumatoid arthritis (RA), who underwent synovectomy by
using flow cytometric analysis. For comparison, autologous
skin fibroblasts (SF) derived from the operation wound
were tested. Significantly higher Hsp70 expression was
found on synovial cells than on skin fibroblasts (median SC
21.4% x SF 5.0%, P < 0.001). Both synovial cells and skin
fibroblasts expressed high levels of cell surface CD91
(median SC 80.2% x SF 79.2%), however, no or low levels
of CD14, CD40, TLR2, TLR4 and CD36. Further, we
observed high co-expression of CD91 and Hsp70 on RA
synovial cells (median 18.6%), while skin fibroblasts
showed only background Hsp70 expression (median 3.9%,
P < 0.001). Since we demonstrated the high prevalence of
inducible Hsp70 in RA synovial fluids, we speculate that
Hsp70 might be captured onto the membrane of synovial
cells from the extracellular space via the CD91 receptor.
The significance of the Hsp70 interaction with synovial
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cells via CD91 remains undefined, but may mediate other
non-immune purposes.
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Introduction

Current evidence suggests that the HSP70 family, heat
shock proteins with a molecular weight of about 70 kDa,
may play a role in the pathogenesis of various autoimmune
diseases involving rheumatoid arthritis (RA) and juvenile
idiopathic arthritis (JIA).

By using enzyme-linked immunosorbent assay (ELISA),
we could frequently detect antibodies against Hsp70, the
major heat-inducible form of the HSP70 group, in sera of
patients with JTA [1].

We also demonstrated that fibroblast-like synovial cells
derived from synovial tissues of patients with a severe
course of RA and JIA were strongly positive for mem-
brane-expressed Hsp70 [2]. Similarly, Schett et al. reported
an enhanced expression of Hsp70 in RA synovial tissue
using Western blotting, immunohistochemistry and immu-
nofluorescence [3].

Martin et al. detected dramatically increased level of
Hsp70 in RA synovial fluid versus normal human sera, RA
sera, osteoarthritis and gout synovial fluid. Moreover, the
authors demonstrated high levels of Hsp70 on the surface
of myeloid dendritic cells (DCs) in synovial fluids of
patients with RA that occurred concurrently with CD91 and
CD14 [4].

Members of the HSP70 family interact with a wide vari-
ety of antigenic peptides from pathogens, as well as self
peptides discussed to be involved in autoimmunogenic
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processes [5]. It has been reported that HSP-chaperoned
antigenic peptides can be presented via MHC classes I and
II molecules and thus enhanced the activation of lympho-
cytes [5]. Extracellular Hsp70-peptide complexes can be
detected in MHC class Il-enriched compartments after
receptor-mediated endocytosis [6]; complexes from the
cytosol may reach the MHC class II presentation pathway
via autophagic processes [7].

HSP70 molecules were found to bind peptide sequences
comprising the shared epitope (SE) sequences "’"QKRAA™,
OQRRAA™, "'RRRAA, a highly conserved motif of sim-
ilar amino acid sequences found in HLA-DRB1 molecules
associated with an increased risk for rheumatoid arthritis
[8]. It was reported that HSP70 molecules do not exclu-
sively interact with the shared epitope sequences, but also
with most other sequences found in the HV-3 region of
HLA-DR molecules, with the exception of the amino acid
sequence "’DERAA’* (SE), a sequence exclusively found
in RA-protective HLA-DR molecules. It suggested a possi-
ble association of non-binding of Hsp70 to HLA-DR mole-
cules or its 70-74 fragments and protection from RA [9].

It has been speculated that Hsp70 might be translocated
to the cell surface from the cytosol in response to sustained
stress and/or that Hsp70 might be captured onto the cell
surface from the extracellular space via HSP receptors
[2,4].

The goal of the current study was to estimate the expres-
sion of the most common HSP receptors such as toll-like
receptor (TLR) 2 and 4, CD14 (a receptor for endotoxin—
lipopolysaccharide), CD36 (collagen type I and thrombo-
spondin receptor), CD40 (a receptor molecule on the cell
surface of B cells, endothelial and epithelial cells) and
CD91 (a2-macroglobulin/low-density lipoprotein receptor)
on fibroblast-like synovial cells derived from synovial tis-
sue and skin fibroblasts derived from the operation wound
in patients with RA who underwent synovectomy.

Materials and methods
Patients

Local ethics committee approval and informed consent
were obtained for all individuals involved in this study. The
cohort consisted of 23 patients (22 females, 1 male) aged
29-79 years (mean 56.6, median 57 years) who fulfilled the
American College of Rheumatology criteria for RA [10]
with disease duration ranging from 3 to 32 years (median
16 years). A total of 22 patients suffered from rheumatoid
factor (RF)-positive polyarthritis and one of them had RF-
negative polyarthritis. Clinical disease activity was
assessed using the physician’s global assessment of overall
disease activity. All patients had active disease at the time
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of testing. The patients were treated depending on the stage
of the disease with non-steroid anti-rheumatics (NSAIDs),
corticosteroids (C) and/or disease-modifying antirheumat-
ics (DMARD:s).

Synovial cells were derived from RA affected synovial
tissues (finger joint n = 1, metacarpophalangeal joint n = 3,
elbow joint n = 1, shoulder joint n = 1; metatarsophalangeal
joint n = 10, ankle joint n = 2, knee joint n = 1 and hip joint
n =4) and skin fibroblasts from RA non-affected operation
wound.

ELISA

Using ELISA, we investigated the levels of inducible
Hsp70 in synovial fluid and serum samples of patients with
RA.

Sera of 24 age-matched healthy controls were included
in the ELISA assays as a control.

Inducible Hsp70 was measured using a commercial
quantitative sandwich ELISA (Stressgen, Canada) accord-
ing to manufacturer’s instructions. Optical density was
measured at 450 nm using ELISA plate reader (Dynex
Technologies, MRX II, USA). Hsp70 concentrations from
synovial fluid and serum samples were quantitated by inter-
polating absorbance readings from a standard curve and
expressed as nanograms per milliliter.

Cell cultivation and preparation for fluorescent-activated
cell sorting (or flow cytometry) analysis

Initially, the skin tissue was trimmed of epidermis, then
both synovial and skin tissues were cut to 2 X 2 mm sec-
tions and cultured in AmnioMax medium (Gibco, Invitro-
gen Corporation, NY, USA) containing 1% antibiotics
(Penicillin-Streptomycin, Sigma Biosciences, St Louis,
MO, USA) and 1% Fungizone (Antimycotic, Gibco, Invit-
rogen Corporation, NY, USA) at 37°C with 5% CO, for
2 months on average. The medium was replaced twice a
week. Upon reaching confluence, the cells were trypsinized
using 0.05% trypsin/0.02% ethylenediamine tetraacetic
acid (EDTA) in phosphate buffered saline (PBS) (PAN Bio-
tech, GmbH, Germany) for 30s, after which 1 ml of
medium was added. The suspended cells were washed and
resuspended again in 1 ml of PBS. The approximate cell
number and viability were determined by Trypan Blue
Exclusion method. All cells were viable after trypsiniza-
tion. For the FACS analysis, the minimal amount used was
0.1 x 10° of the cells per tube.

Flow cytometry analysis

The adherent cells on primary cultures to third passages
were used for FACS analysis. We identified the type of
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adherent synovial cells (type A: macrophage-like synovial
cells or type B: fibroblast-like synovial cells) by their
unique growth pattern, morphology, determination of most
common leukocyte antigen (CD45) expression [11], detec-
tion of specific marker for macrophage-like synovial cells
CD68 using FACS analysis [12], and staining using mono-
clonal mouse anti-human vimentin V9 IgG1l antibody
(Immunotech, France) for cells of mesenchymal origin [2].

The intracellular staining of CD68 (IgG2b, Becton Dick-
inson) was done on fixed and permeabilized cells, as
described previously [13]. Most common leukocyte anti-
gens (CD45)-negative, non-vascular cells in synovium
were regarded as synovial fibroblasts [11].

Flow cytometry was performed as previously described
by Farkas et al. using a standard direct immunofluorescence
technique and mouse anti-human monoclonal antibodies
conjugated with fluorescein isothiocyanate (FITC) and/or
phycoerythrin (PE) on a FACStrak flow cytometer (Becton
Dickinson, San Jose, USA) [14]. After washing in PBS
containing 10% fetal calf serum (FCS, Sigma Biosciences),
single-cell suspension of 0.1 x 10° cells per tube was dual-
stained with anti-Hsp70 (cmHsp70.1-FITC, IgG1, Multim-
mune, Regensburg, Germany) and PE-conjugated mono-
clonal antibodies against CD91 (IgGl), CD14 (IgG2a),
CD40 (IgG1), CD36 (IgM) (all these antibodies were pur-
chased from Becton Dickinson, San Jose, USA), TLR2 and
TLR4 (IgG2a, eBioscience, San Diego, CA, USA) for
30 min at 4°C in the dark. After one washing step, 7-amino-
actinomycin D (7-AAD, Becton Dickinson)-negative, via-
ble cells with intact cell membranes were analyzed. The
percentage of specifically stained cells was defined as the
number of positively stained cells minus the number of
cells stained by the isotype-matched control antibody. Anti-
major histocompatibility complex (MHC) class 1 (IgGl,
Becton Dickinson) conjugated with FITC as well as PE was
used as a positive control. Mouse IgG1-FITC, IgG1-PE,
IgG2a-PE and IgM-PE (Becton Dickinson) were used as
isotype-matched control antibodies for the detection of
Hsp70 and Hsp70 receptors.

Jurkat cells, a human T-ALL cell line (American Type
Culture Collection, Manassas, VA, USA, a kind gift from
Professor Multhoff, University Hospital Regensburg, Ger-
many) and CCRF-CEM cells, a human T-ALL cell line
(ECACC, Porton Down, UK, a kind gift from Professor
Dickinson, University of Newcastle upon Tyne, UK) were
used as positive controls for screening of Hsp70 membrane
expression. Cell lines were cultured in RPMI-1640 medium
(Cambrex Bio Sciences Verviers, Verviers, Belgium) sup-
plemented with heat-inactivated 10% FCS (Sigma Biosci-
ences), sodium pyruvate (Sigma Biosciences), L-glutamine
(Gibco, Invitrogen Corporation), Fungizone (Gibco, Invit-
rogen Corporation) and antibiotics (Sigma Biosciences),
and the cells were dual stained with anti-Hsp70

(cmHsp70.1-FITC, IgG1, Multimmune) and anti-CD45 or
anti- MHC I (PE, IgG1, Becton Dickinson).

A cut-off value for Hsp70 of 10% was chosen based on
the results from previous screening of normal cells and tis-
sues (peripheral blood lymphocytes and skin fibroblasts) by
flow cytometry [14].

Statistical analysis

Two-tailed Student’s #-test was used for the statistical anal-
ysis. P < 0.05 were regarded as significant.

Results

A high prevalence of soluble Hsp70 detected
in RA synovial fluids

Hsp70 positivity was detected in 100% RA synovial fluids
(range 474.5-1078.9, mean 713.0, median 550.1 ng/ml) in
contrast to control sera (range 8.0-53.4, mean 18.2, median
15.8 ng/ml; P < 0.001) and RA sera (range 12.0-44.6, mean
24.5, median 27.7 ng/ml; P < 0.001). The samples were
considered to be positive if the OD values exceeded the
mean plus 2 SD (standard deviation) of healthy control sera.

Expression of Hsp70 and HSP receptors on RA synovial
cells and autologous skin fibroblasts

In our study, the adherent synovial cells were defined as
fibroblast-like synovial cells (type B). The most common
leukocyte antigen CD45 was not detected on the cells
(CD45: mean 0.8%). No type A synovial cells, macro-
phage-like synovial cells of haematopoietic origin express-
ing CD68 (mean 0.1%), were identified in cell cultures
using FACS analysis.

We examined the expression of inducible Hsp70 and
HSP receptors like TLR2, TLR4, CD14, CD36, CD40 and
CD91 on fibroblast-like synovial cells derived from syno-
vial tissue and skin fibroblasts derived from the operation
wound in patients with RA who underwent synovectomy.

Human leukemia cell lines, which were used as positive
controls for the detection of membrane-bound Hsp70,
expressed inducible Hsp70 on the cell surface continuously
from the beginning till the end of the short-term culture
(Jurkat cells d + 3—d + 11, range 74.8-97.7%, mean 87.4%,
median: 87.1%; CCRF-CEM cells d+ 5-d + 47, range
70.6-90.7%, mean 81.5%, median 81.8%).

Similar to our previous study, significantly higher Hsp70
membrane expression was found on fibroblast-like synovial
cells (SC) than on autologous skin fibroblasts (SF) (SC:
mean 26.8%, median 21.4% x SF: mean 5.5%, median
5.0%; P < 0.001).
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Both synovial cells and skin fibroblasts expressed rela-
tively high levels of cell surface CD91 (SC: mean 77.1%,
median 80.2% x SF: mean 68.6%, median 79.2%). No or
low expression of CDI14 (SC: mean 0.9%, median
0.5% x SF: mean 0.5%, median 0.2%), CD40 (SC: mean
2.0%, median 0.6% x SF: mean 0.5%, median 0.2%),
TLR2 (SC: mean 4.3%, median 3.2% x SF: mean 1.4%,
median 1.0%), TLR4 (SC: mean 4.9%, median 1.7% x SF:
mean 1.2%, median 0.6%) and CD36 (SC: mean 5.0%,
median 3.6% x SF: mean 7.9%, median 5.3%) was
detected on these cells of mesenchymal origin derived from
arthritis affected synovial tissue and non-affected skin. The
expression of MHC class I molecules exceeded 90% in
most cases.

Similarly, we observed high co-expression of CD91 and
Hsp70 on RA synovial cells (mean 19.4%, median 18.6%),
while skin fibroblasts showed only background Hsp70
expression (mean 4.8%, median 3.9%; P < 0.001).

Figure 1 shows a representative flow cytometry analysis
of RA fibroblast-like synovial cells and autologous skin
fibroblasts. Hsp70 membrane expression was found on
fibroblast-like synovial cells derived from arthritis-affected
joints when compared with autologous skin fibroblasts
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Fig. 1 Representative flow cytometry analysis on fibroblast-like syno-
vial cells and skin fibroblasts derived from a 54-year-old female with
RF-seropositive RA lasting for 20 years; therapy: C/DMARD. Syno-
vial cells derived from synovial tissue of hip joint were cultivated for
40 days and skin fibroblasts derived from the operation wound for
49 days upon reaching the confluence. The adherent cells were trypsin-
ized, resuspended in cell culture medium and dual stained with anti-
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either when single staining (Hsp70) or dual staining with a
particular HSP receptor (CD91/Hsp70) was used.

Figure 2 shows cell surface expression of inducible
Hsp70 and HSP receptors on fibroblast-like synovial cells
derived from RA-affected joints (2a) and skin fibroblasts
derived from the operation wounds (2b).

Discussion

RA is a disorder that has its origin in unfettered growth and
activation of type B (fibroblast-like) synovial cells [15,16].
It is this cell type that initiates and propagates inflammation
in RA-affected joints [16,17]. Fibroblast-like synovial cells
are defined mainly by their high level of hyaluronan pro-
duction. Further, they are responsible for the production of
fibronectin, type IV collagen, laminin, chondroitin-6-sul-
fate-bearing proteoglycans, lubricin, phospholipids, etc.
[11]. Not only are fibroblast-like synovial cells able to acti-
vate a series of cytokines such as tumor necrosis factor
(TNF) ., interleukin (IL) IL-1p, IL-1a, IL-6, and IL-8, they
are also able to activate molecules such as tissue factor,
PAI-1, MCP-1 as well as a number of matrix metallopro-
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Hsp70-FITC and CD91-PE conjugated antibodies. Only viable cells
negative for 7-AAD were gated and analyzed. Both synovial cells and
skin fibroblasts expressed high levels of CD91 on the cell surface
(synovial cells: 88%; skin fibroblasts: 73.4%). About 23% of CD91-
positive synovial cells carried also Hsp70, while only 2.9% of CD91-
positive skin fibroblasts were simultaneously positive for Hsp70
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Fig. 2 The surface expression of inducible Hsp70 and HSP receptors mean 0.5%, median 0.2%), CD40 (SC: mean 2.0%, median

on fibroblast-like synovial cells derived from RA-affected joints (a)
and skin fibroblasts derived from the operation wounds (b). The first
bar, marked Hsp70, represents the percentage of Hsp70 expressing
cells of all R1 events. The first of each pair of staples (the light bar)
represents a mean or median value of the percentage of Hsp70-bound
cells among fibroblasts expressing so-called HSP receptors. The sec-
ond of each pair of staples (the dark bar) indicates the percentage of
fibroblasts expressing the different receptors. Both synovial cells and
skin fibroblasts expressed relatively high levels of cell surface CD91
(SC: mean 77.1%, median 80.2% x SF: mean 68.6%, median 79.2%).
No or low expression of CD14 (SC: mean 0.9%, median 0.5% x SF:

teinases that are involved in tissue degradation. Further-
more, fibroblast-like synovial cells have at their disposal
also the ability to activate a series of adhesion molecules
such as VCAM and ICAM: genes that have been implicated
in cell migration and cell activation [18,19]. Also of impor-
tance is the notion that fibroblast-like synovial cells are in
command of a surprisingly extensive array of resources to
respond to activation.

Patients with rheumatoid arthritis (RA) are confronted
with a multitude of stressful events during the course of
their disease such as mechanical stress, heat stress, cytokine

0.6% x SF: mean 0.5%, median 0.2%), TLR2 (SC: mean 4.3%, medi-
an 3.2% x SF: mean 1.4%, median 1.0%), TLR4 (SC: mean 4.9%, me-
dian 1.7% x SF: mean 1.2%, median 0.6%) and CD36 (SC: mean
5.0%, median 3.6% x SF: mean 7.9%, median 5.3%) was detected on
these cells of mesenchymal origin derived from arthritis-affected syno-
vial tissue and non-affected skin. The expression of MHC class I mol-
ecules exceeds 90% in most cases. Similarly, we observed high co-
expression of CD91 and Hsp70 on RA synovial cells (mean 19.4%,
median 18.6%), while skin fibroblasts showed only background Hsp70
expression (mean 4.8%, median 3.9%; P < 0.001)

stress and oxidative stress [20]. The function of HSPs is to
protect the folding of nascent proteins, the refolding of
denatured proteins and the solubilization of protein aggre-
gates especially under stressful conditions [21].

In our study, we were interested in the expression of
inducible Hsp70 purely on the cell surface of RA-derived
synovial cells, which may be performed entirely using cells
growing from synovial tissue and most simply using FACS
analysis. Schett et al. detected enhanced Hsp70 expression
in RA synovial tissue using Western blotting; further by
immunohistochemistry performed on cryosections of RA
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synovial membranes, they revealed strong Hsp70 staining
throughout the synovial tissue [3]. Independent of when
Hsp70 expression was studied, both in vivo synovial tissues
[3] and individual synovial cells derived from those syno-
vial tissues, after a certain time of culturing [2], showed
significant Hsp70 positivity.

In addition, using real-time PCR, we examined mRNA
expression of inducible Hsp70 in RA-derived synovial tis-
sues stored immediately after collection in RNA later. We
found that relative mRNA expression was 2.04-fold higher
on average, compared with healthy controls (the data in
preparation for publication).

Hsp70 overexpression has been shown to be protective
against apoptotic death; synovial cells expressing elevated
Hsp70 levels might therefore develop a certain resistance to
apoptosis [22,23]. This would be in line with the observa-
tion of the low frequency of apoptosis in rheumatoid syno-
vium despite the abundance of apoptosis-inducing factors
[24,25].

Since we observed a high membrane expression of
Hsp70 on RA synovial cells and a high prevalence of solu-
ble Hsp70 in RA synovial fluids, we examined whether
extracellular Hsp70 might be bound to the surface of RA
synovial cells via any HSP receptors.

Extracellular stress proteins including HSPs and glu-
cose-regulated proteins (Grp) are emerging as important
mediators of intercellular signaling and transport. Release
of such proteins from cells is triggered by stress and during
cell death by necrosis. After release into the extracellular
fluid, HSP or Grp may then bind to the surfaces of adjacent
cells and initiate signal transduction cascades as well as the
transport of cargo molecules such as antigenic peptides
[26]. Many of the effects of extracellular stress proteins are
mediated through cell surface receptors.

Previous studies suggest that extracellular Hsp70 can
initiate a potent, innate and adaptive immune response [27—
29]. HSPs interacts with antigen-presenting cells (APCs)
through surface receptors such as scavenger receptors
LOX-1 [30,31]; CD94 [32] and SR-A [33]; the LDL-recep-
tor-related  protein/oa2-macroglobulin  CD91  receptor
[34,35]; the toll-like receptor (TLR) 2 and 4 [29,35]; CD14
[27]; CD36 [35] and CD40 [36,37]. Formation of Hsp70-
HSP receptor complex is associated with the induction of
the pro-inflammatory response including a cytokine pro-
duction (IL-15, TNF-a, IL-6, etc.), expression of MHC
class II [38] and nitric oxide (NO) release [39].

In addition to APCs, Hsp70 can avidly bind to non-APC
cell lines, especially those from epithelial or endothelial
background [40].

We report here the high membrane expression of CD91
on the cells of mesenchymal origin derived from RA
affected and non-affected tissues. Further, we observed high
simultaneous membrane co-expression of CD91 and Hsp70
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in cell cultures derived from RA synovial tissues, while
autologous skin fibroblasts showed only background Hsp70
expression.

Skin fibroblasts, which were used as a control for study
of Hsp70 membrane expression [2,14], are the major cell
type in the dermis for synthesis and reorganization of extra-
cellular matrix components including several types of col-
lagens (predominantly type I), elastin, fibronectin, laminin
and proteoglycans (perlecan, epican, cell associated synde-
cans, etc). They are also capable of secreting factors that
regulate the growth and differentiation of other cells, e.g.
keratinocytes, and vice versa [41].

It was proposed that the oxidized LDL-binding protein
CDO91/LRP found on antigen-presenting cells and other cell
types could be the common receptor for all immunogenic
HSPs, including Hsp60, 70, Gp96 and calreticulin [34]. The
role of CD91 as a direct high/medium affinity HSP binder is
still not clear. Theriault et al. examined the ability of Hsp70
in free solution to bind cells with, or without CD91 expres-
sion and observed minimal differences [40]. However, Basu
etal. have shown that complexes of peptides with heat
shock proteins Hsp90, calreticulin, and Hsp70 are taken up
by macrophages and dendritic cells (DCs) and re-presented
by MHC class I molecules by using the CD91 receptor
[34]. The studies of Delneste et al. indicated that the CD91
ligand macroglobulin competes with Hsp70 binding to
macrophages and DCs in vitro, which is indirect evidence
for a role for CD91 in Hsp70 binding [30].

Several studies have shown that receptor-mediated
mechanisms are involved in antigen cross-presentation by
HSP. Postulated HSP receptors involve two functional sub-
types: internalizing receptors and signaling receptors. Inter-
action of Hsp70-peptide complexes with CD91 receptor
leads to receptor-mediated endocytosis, processing of the
antigenic peptide by MHC class I and perhaps MHC class
II molecules and representation on the cell surface [42,43].
Unfortunately, at this point of the study, a kinetic analysis
of endocytosis [44] was not performed due to insufficient
amount of the synovial tissue achieved for experimental
work.

Since we simultaneously demonstrated the high preva-
lence of inducible Hsp70 in RA synovial fluids, de-novo
synthesis of inducible Hsp70 in RA-derived synovial tis-
sues and a high membrane co-expression of Hsp70-CD91
on RA synovial cells, we speculate that Hsp70 released
from inflamed synovial tissue might be captured onto the
cell surface of synovial cells from the extracellular space
via CDO91 receptor and/or translocated to the cell surface
from the cytosol. Interestingly, skin fibroblasts highly
expressing CD91 cultured by the same manner were found
to be negative for membrane-bound Hsp70.

The significance of the Hsp70 interaction with synovial
cells via CD91 remains undefined, but may mediate other
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non-immune purposes like development of a higher resis-
tance to stress-induced apoptosis as was described, e.g., in
adjacent neuronal cells taking up extracellular Hsp70
released from glial cells in normal conditions or during
stress [45].
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