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Extracellular Hsp70 inhibits pro-inflammatory cytokine production by
IL-10 driven down-regulation of C/EBP3 and C/EBPJ

Thiago J. Borges, Rafael L. Lopes, Nathana G. Pinho, Felipe D. Machado, Ana Paula D. Souza and Cristina Bonorino

School of Biosciences and Biomedical Research Institute, Pontificia Universidade Catdlica do Rio Grande do Sul, Av. Ipiranga, 6690, Porto Alegre, Rio

Grande do Sul, Brazil

Abstract

Purpose: Extracellular Hsp70 has anti-inflammatory potential, demonstrated in different
models of inflammatory diseases. We investigated probable mechanisms used by Hsp70 to
down-regulate pro-inflammatory cytokines.

Materials and methods: We analysed cytokine mRNA levels in bone marrow-derived murine
dendritic cells treated with Hsp70, lipopolysaccharide (LPS) and peptidoglycan (PGN) or OVA
(an irrelevant protein control), hypothesising that this was mediated by C/EBPf3 and C/EBPd
transcription factors. We also tested the involvement of TLR2, IL-10, ERK and STAT3, using
genetically deficient mice and pharmacological inhibitors.

Results: C/EBPB and C/EBPS levels were inhibited in bone marrow derived dendritic cells
(BMDCs) treated with Hsp70, and that correlated with inhibition of TNF-o, IFN-y and MCP-1.
Such inhibition was not observed in TLR2 or IL-10 knockout mice, and was also abrogated upon
pretreatment of cells with ERK and JAK2/STAT3 inhibitors.

Conclusions: C/EBPB and C/EBPS transcription factors are inhibited by Hsp70 treatment,
and their inhibition occurs via the TLR2-ERK-STAT3-IL-10 pathway in BMDCs, mediating the
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anti-inflammatory effects of Hsp70.

Introduction

The heat shock protein 70 (Hsp70) is a ubiquitously expressed
protein in cells following exposure to heat, UV radiation and
other stressors [1]. Hsp70 has been demonstrated to have anti-
inflammatory and protective effects in diverse mouse models
of inflammation [2]. For example, treatment with Hsp70
whole protein or Hsp70 peptides can prevent arthritis in
animal models [3-6] in an IL-10-dependent manner [7].
Hsp70 can also delay acute rejection in tumour and tissue
allograft models [8] and protect mice against dextran sulphate
sodium (DSS)-induced colitis [9].

We have previously observed that treatment of synovial
cells from arthritis patients with mycobacterial Hsp70 not
only induced IL-10 production by these cells, but also led to
the inhibition of both IFN-y and TNF-o production in these
cells, as well as in healthy control monocytes [10].

Dendritic cells (DCs) are the major antigen-presenting
cells (APCs), playing a crucial role in immunity and tolerance
[11,12]. These cells uptake antigens in peripheral tissues,
migrate to draining lymph nodes (dLNs) through lymphatic
vessels, and present antigens to T cell lymphocytes [13,14].
DCs can be found in synovium of arthritis patients, where
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they are involved in arthritis pathogenesis [15]. These cells
are involved in maintenance and progression of arthritis,
presenting arthritogenic antigens to T cells and producing pro-
inflammatory cytokines, such as TNF-o, IL-1 and IL-6 into
the joint [16]. Hsp70 was found to inhibit maturation of
murine bone marrow derived dendritic cells (BMDCs) and
induce IL-10 production in vitro [10,17]. Nevertheless, the
molecular pathways involved in this process were not
elucidated.

In DCs, inflammatory cytokines are released following
inflammatory stimuli [18]. NF-xB is a transcription factor
that plays a key role in the induction of pro-inflammatory
cytokines [19]. Under a condition without inflammation,
NF-kB is maintained inactive in the cytoplasm as complex
with its inhibitor IxkBo (NF-xB/IxBo complex). In an
inflammatory state, [kBa is degraded and NF-kB is liberated
to translocate into the nucleus and direct the transcription
of pro-inflammatory genes [20]. Hsp70 can prevent lipopoly-
saccharide (LPS)-induced production of inflammatory cyto-
kines by interfering with the NF-kB-dependent transcription
of cytokines [21]. Overexpression of Hsp70 in human
mononuclear cells prevents LPS-induced NF-xB p65
nuclear translocation. into the nucleus [22], potentially
inhibiting the downstream induction of pro-inflammatory
cytokines by LPS. It was suggested that Hsp70 stabilise
the NF-kB/IkBa complex by the inhibition of IkBa degrad-
ation [23].
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Another group of transcription factors that are important
for pro-inflammatory cytokines production comprise the
CCAAT/enhancer-binding proteins (C/EBPs). These tran-
scription factors compose a family involved in several aspects
of cellular functions, such as proliferation, differentiation
and cytokine production [24]. C/EBPB and C/EBP3 were
demonstrated to be important for induction of inflamma-
tory cytokines, such as TNF-o and IL-6, in TLR-
stimulated macrophages [25], and both C/EBPB and
C/EBP6 mRNA and protein levels have been demonstrated
to be induced upon inflammatory stimuli [26]. Upon LPS
stimulation, cells from C/EBPf knockout (KO) mice can
express pro-inflammatory cytokines normally, because of
the compensatory expression of C/EBPS, suggesting that
these two members of C/EBP family seem to have over-
lapping roles [27].

In this study we investigated mechanisms by which Hsp70
can down-regulate basal levels of pro-inflammatory cytokines
in BMDCs, and asked whether this is mediated by C/EBPf or
C/EBPS transcription factors. Our results indicate that Hsp70
decreases basal levels of TNF-a, IFN-y and MCP-1 cytokines
in BMDCs concomitantly with down-regulation of C/EBPJ
and C/EBPS. Furthermore, TNF-o, IFN-y and MCP-1
impairment, as well as C/EBPB and C/EBPS inhibition
depend on a TLR2-ERK-STAT3-IL-10 cascade.

Materials and methods
Animals

Female C57Bl/6 mice were purchased from FEPPS (Rio
Grande do Sul, Brazil). C57B1/6 TLR2™'~ mice were kindly
provided by Jodo Santana da Silva (University of Sdo Paulo,
Brazil). 129SV wild type (WT) and IL-107"~ mice were
kindly provided by Ana M.C. Faria (Federal University of
Minas Gerais, Belo Horizonte, Brazil). All mice were used
between 6—10 weeks of age and housed in individual and
standard mini-isolators (Tecniplast, Buguggiate, Varese, Italy)
in a specific pathogen free facility (School of Biosciences,
Pontificia Universidade Catdlica do Rio Grande do Sul
(PUCRS)) with free access to water and food. All procedures
were previously reviewed and approved by the Ethics
Committee for the Use of Animals of the University
(CEUA-PUCRS) under protocol ID CEUA 08/00048.

Protein purification and LPS extraction

Recombinant mycobacterial Hsp70 was produced in
XL1-blue Escherichia coli as described previously [17].
Briefly, it was purified according to Mehlert and Young [28],
and triton X-114 was used to remove LPS, according to the
method described in Aida and Pabst [29]. Contaminating
Triton X-114 was removed by incubating overnight with
Bio-Beads® (Bio-Rad, Hercules, California, United States) at
4°C with agitation. Protein concentration was determined
using a Qubit® Protein Assay Kit and the Qubit® Fluorometer
(both purchased from Invitrogen, Eugene, OR).

Bone marrow dendritic cells cultures

Dendritic cells were differentiated from bone marrow of
C57B1/6 WT mice or TLR2™~ and 129 WT or IL-10~'~ mice
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with GM-CSF and IL-4 (both purchased from Peprotech,
Rocky Hill, NJ), as described by Inaba et al. [30]. Cells were
cultured in 24-well plates in medium AIM-V® (Gibco, Grand
Island, NY). On the fifth day of culture, BMDCs were
incubated with either 30 pg/mL of Hsp70, 30pg/mL of
OVA (Sigma, St. Louis, MO), 500 ng/mL of LPS (Sigma) or
10 pg/mL of peptidoglycan (PGN) (Sigma) for 24 h and total
RNA was extracted. The supernatant was collected and used
for cytokine analysis. For ERK inhibition, BMDCs were
treated with 30 uM of selective inhibitor PD98059 (Cayman,
Ann Arbor, MI) for 60min prior to Hsp70 stimulation.
To inhibit the JAK2/STAT3 pathway we used 50 pM of
AG490 inhibitor (Sigma) for 60 min prior to stimulation.

Cytokine measurement

Cytokines present in BMDC supernatants were measured
using a CBA mouse inflammation kit (BD Biosciences, San
Diego, CA), according to manufacturer’s instructions.
Samples were analysed by flow cytometry using a
FACSCanto II and FACSDiva software (both from BD
Biosciences). Cytokine concentrations were obtained using
the FCAP software (version 1.01, BD Biosciences).

Real time qPCR

Total RNA was isolated from BMDC cultures using an
RNAeasy kit (Qiagen, Germantown, MD) according to
manufacturer’s instructions. The concentration of the purified
total RNA samples was measured using a Qubit® RNA assay
kit and the Qubit® fluorometer (both purchased from
Invitrogen). An aliquot of 50ng of RNA was reverse
transcribed with 100 U of Sensiscript (Qiagen). cDNA
concentrations were measured using Qubit® dsDNA HS
assay kit and the Qubit® fluorometer (purchased from
Invitrogen). In a final volume of 10 puL, 8 ng of cDNA was
amplified using the following Tagman® gene expression
assays (Applied Biosystems, Foster City, CA): Cebpb
(Mm00843434_s1), Cepbd (MmO00786711_s1) and P-actin
(4352933E). Real-time qPCR was performed with a
StepOne™ real-time PCR system (Applied Biosystems).
The relative mRNA levels were calculated using the com-
parative C, method [31]. The housekeeping gene B-actin was
used as a normaliser. Non-treated BMDCs served as a
reference for Hsp70-, OVA-, PGN- or LPS-treated BMDCs.

Results

Hsp70 treatment results in decreased basal levels of
IFN-v, TNF-o. and MCP-1 in BMDCs with concomitant
C/EBPJ and C/EBPS down-regulation

To determine whether Hsp70 treatment could modulate pro-
inflammatory cytokines in BMDCs, DCs differentiated from
murine bone marrow were treated with Hsp70, OVA (negative
control) or LPS for 24 h. Subsequently, IFN-y, TNF-o. and
MCP-1 protein levels were measured in the supernatant by
flow cytometry. As expected, stimulation with LPS increased
the production of IFN-y, TNF-o and MCP-1 when compared
with OVA (Figure 1A—C). Interestingly, we found that Hsp70
treatment decreased basal levels (BMDCs treated with OVA)
of the analysed cytokines (Figure 1A-C).
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Figure 1. Hsp70 treatment decreases basal levels of TNF-o, IFN-y, MCP-1 and down-regulates C/EBPf} and C/EBP3. BMDCs were treated with OVA
(30 pg/mL), Hsp70 (30 pg/mL) or LPS (500 ng/mL) for 24 h. Supernatants were analysed for (A) TNF-o, (B) IFN-y, (C) MCP-1 using a CBA mouse
inflammation kit. (D) C/EBP and (E) C/EBPS expression evaluation by gPCR in BMDCs treated as described in A. -actin was used as a normaliser
as described in Materials and methods. *p <0.05; *¥p <0.01; ***p <0.001. Experiments were performed three times in triplicates.

Because C/EBPf and C/EBPS are transcription factors that
are largely associated with the production of pro-inflamma-
tory cytokines, we tested the hypothesis that C/EBPf and
C/EBPS modulation could be involved in this effect mediated
by Hsp70. mRNA levels of C/EBP and C/EBP6 in BMDCs
treated as described above were analysed by qPCR, and while
LPS treatment induced an increase in C/EBPf and C/EBPS
expression, Hsp70 treatment led to down-regulation of
C/EBPS (Figure 1D) and C/EBPS (Figure 1E). These data
suggested that the decrease in basal levels of IFN-y, TNF-a
and MCP-1 was related to the down-regulation of C/EBPf
and C/EBPS transcription factors.

Down-regulation of C/EBPf, C/EBP5 and IFN-y, TNF-o
and MCP-1 inhibition by Hsp70 is dependent on TLR2
expression

TLR2 has been associated with Hsp70-induced suppres-
sive effects in MDSCs, when Hsp70 release in tumour
derived-exossomes activated STAT3 in a toll-like receptor
(TLR)2-dependent manner in myeloid-derived suppressor
cells (MDSCs) [32]. Zymosan, Pam3Cys and Vitamin D3,
which are TLR2 ligands, have been described to have anti-
inflammatory effects in DCs [33,34] and tolerance in a type 1
diabetes model [35]. In order to further investigate the
molecular mechanisms involved in the observations described
above, we analysed whether TLR2 was required for the anti-
inflammatory Hsp70 effects.

BMDCs from WT or TLR2 KO mice were treated for
24h with OVA, Hsp70, PGN (a TLR2 agonist), or left
unstimulated. After this period, IFN-y, TNF-o and MCP-1
protein levels were measured in the supernatant by
flow cytometry. C/EBPB and C/EBPS mRNA levels were
analysed by qPCR.

WT PGN-treated cells exhibited a higher production of
IFN-y, TNF-o. and MCP-1 when compared with cells lacking
TLR2 (Figure 2A-C). WT BMDCs treated with Hsp70,
however, presented an inhibition of IFN-y, TNF-o and MCP-1
production when compared with OVA. However, the produc-
tion of TNF and IFN was only partially recovered in TLR2
KO BMDCs treated with Hsp70 (Figures 2A and 2B), while
MCP-1 production in TLR2 KO BMDCs treated with Hsp70
was completely recovered and comparable to the basal levels
(Figure 2C). Concomitantly, down-regulation of both C/EBPf
(Figure 2D) and C/EBPS (Figure 2E) induced by Hsp70 was
abolished by the absence of TLR2 in BMDCs.

ERK and STAT3 are required for Hsp70-driven
impaired IFN-y, TNF-oc and MCP-1 production and
C/EBPf/6 down-regulation

Recently, Hsp70 has been demonstrated to activate ERK and
STAT3 in MDSCs [32]. IL-10 production has been linked to
ERK and STAT3 activation [36] and STAT3 has also been
shown to mediate anti-inflammatory responses [37-39]. Thus
we analysed the role of these two molecules on the inhibition



458 T.J. Borges et al. Int J Hyperthermia, 2013; 29(5): 455463

(A) (B)
= 250- — 40-
E - WT = - WT
[)) *dck - *dkk
£ 200 TLR2 KO = 2 4 TLR2 KO =
S 5
:E 150 ..5 20 Hk
c _,‘_:, 2
4]
g 100- - S
8 S ——
o o 104
5 S0 " x u
> &
= 0- T 7 T o T - 0' T 7 i| . T
OVA ,/ Hsp70 . PGN OVA  / Hsp70 . PGN
S ‘: . = !
!~ 25- o i P o= 57 !
i E o i | E S =
| & 201 E ; - {_ ;
i ! | = i
1 O I ! 1
Ee o g
[ : : = :
: 8 10- ' L § 2 !
i c 1 , c 1
i = 5T ’
I8 54 , T B !
1 ] 1 : 1 Y I
5 : I :
1 F o i 0 '
i WT TL2KO : ! WT TL2KO !
L e e e e ) L om0 i
(€)
= 1000 HE WT D)5 s el
5 TLR2 KO x 7
£ 800+ g
c F*ekk o3 i
0
il o
g 600 %
c o
S 400 E -5
5 o
3 :
— 200+ -
- B 0
Q =%
E 0- T 7 T S T %
OVA ./ Hsp70 PGN [}
4 3 -15-
3 N m WT
/ Hsp70
i s TLR2 KO
]—— € § 3.
]“ Esoo' ek i (]%) *kk
P2 i < 2
| Z 600+ —z= i o
v S | ‘Z’: 1
R g o '
15 4004 : E
1 s} ! (1)
'c ! > 0
[ =} _%._ 1 =
L S 2004 ! ®
3 e
: = 0— i %
1 WT TL2KO | w
I 1 = .24
___________________________ / o 2

Figure 2. Pro-inflammatory cytokine inhibition and C/EBP and C/EBPS down-regulation induced by Hsp70 is dependent on TLR2. WT or TLR2 KO
BMDCs were treated with OVA, TBHsp70 or PGN for 24 h. Cytokines in the supernatants were analysed using a CBA mouse inflammation kit: (A)
TNF-a, (B) IFN-y and (C) MCP-1; (D) C/EBPJ and (E) C/EBPS expression evaluation by qPCR in WT or TLR2 KO BMDCs treated with Hsp70 or
left unstimulated for 24 h. B-actin was used as a normaliser as described in Materials and methods. *p <0.05; **p <0.01; ***p <0.001. Experiments
were performed three times in triplicates.
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Figure 3. ERK and STAT3 are required for Hsp70-induced pro-inflammatory cytokines inhibition and C/EBPf and C/EBPS down-regulation. BMDCs
from WT mice were treated with inhibitors of ERK PD98059 or JAK2/STAT3 AG490 for 1h prior to stimulation. After that, cells were treated
with OVA, Hsp70, LPS or left unstimulated for 24 h. Culture supernatants were analysed for the presence of (A) TNF-a, (B) IFN-y, and (C) MCP-1
using a CBA inflammation kit, (D) C/EBPP and (E) C/EBPS expression evaluation by qPCR. B-actin was used as a normaliser as described in Materials
and methods. *p <0.05; *¥p<0.01; **¥p<0.001. *p<0.05, ¥p<0.01 when compared with Hsp70. Experiments were performed three times in

triplicates.

of pro-inflammatory cytokines basal levels and down-
regulation of both C/EBPf and C/EBPS by Hsp70. To inhibit
ERK, we used the specific inhibitor PD98059. We inhibited
the JAK2/STAT3 pathway using the AG490 inhibitor.
Once again, Hsp70 treatment impaired IFN-y, TNF-o and
MCP-1 production when compared with OVA. However,
when BMDCs were pre-treated with ERK or STAT3 inhibi-
tors and then stimulated with Hsp70, the production of IFN-vy,
TNF-o. and MCP-1 observed were very similar to the basal
levels (BMDCs treated with OVA) (Figure 3A—C). Both ERK
and STAT3 were required for Hsp70-driven down-regulation
of C/EBPB (Figure 3D) and C/EBPS mRNA levels
(Figure 3E).

Hsp70 down-regulation of basal levels of IFN-y, TNF-o
and MCP-1 is dependent on IL-10 production by BMDC

IL-10 is the most powerful anti-inflammatory cytokine [40]
and its production can be triggered by Hsp70 [10,17]. We
asked whether IL-10 is involved in Hsp70-driven down-
regulation of pro-inflammatory cytokines. In order to do that,
we treated WT or IL-10 KO BMDCs with either OVA, Hsp70
or PGN for 24 h. Indeed, IFN-y and TNF-o inhibition was
dependent on IL-10 expression in BMDCs treated with Hsp70
(Figure 4A-B). MCP-1 production was down-regulated in
WT BMDCs treated with Hsp70 when compared with OVA.

This production was re-established in IL-10 KO BMDCs
(Figure 4C). In addition, Hsp70-driven reduced expression of
C/EBPP and C/EBPS were both dependent on IL-10 as shown
in Figure 4D and Figure 4E, respectively.

Discussion

During acute or chronic inflammatory conditions, DCs
acquire a mature phenotype in which they can produce high
amounts of pro-inflammatory cytokines [41]. This phenotype
can be induced upon a microbial inflammatory stimulus [42].
Moreover, DCs play a crucial role in the pathogenesis of
autoimmunity conditions [43]. Therewith, the modulation of
DC activation has been suggested as an interesting strategy in
the attempt to abrogate chronic inflammatory diseases, such
as arthritis [16,44]. Indeed, one of the contributions to the
powerful effect of TNF-a blockade in arthritis patients is that
this treatment leads to DC impaired functions such as down-
regulation of co-stimulatory signals [45]. In the present work
we demonstrated that immature BMDC stimulation with
Hsp70 decreased the basal expression of C/EBPf or C/EBP9,
leading to impairment in TNF-o, IFN-y and MCP-1 produc-
tion. However, we did not analyse whether Hsp70 can exert its
anti-inflammatory proprieties in mature BMDCs which had
been stimulated with LPS before Hsp70 treatment, for
example. Moreover, we also did not analyse whether
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Figure 4. IL-10 is necessary for Hsp70 anti-inflammatory effects. BMDCs from WT or IL-10 KO mice were treated with OVA, Hsp70, PGN or left
unstimulated for 24 h. Cytokines in the supernatants were analysed using a CBA mouse inflammation kit: (A) TNF-a, (B) IFN-y and (C) MCP-1;
(D) C/EBPf and (E) C/EBPS expression evaluation by qPCR. B-actin was used as a normaliser as described in Materials and methods. *p <0.05;
#4p <0.01; ***p <0.001. #p <0.05 and #p <0.01 when compared with Hsp70. Experiments were performed two or three times in triplicates.
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BMDCs treated with Hsp70 can prevent the up-regulation of
both C/EBPB and C/EBPS and pro-inflammatory cytokines
induced by LPS. These questions need to be further
elucidated in our system. In a different study, Spiering
et al. [46] recently demonstrated that the administration of
Hsp70-pulsed BMDCs can prevent proteoglycan-induced
arthritis (PGIA) in mice. In the same work, the treatment of
BMDCs with Hsp70 generates a semi-mature phenotype that
was stable after the addition of LPS in culture.

In accordance with our findings, the treatment of syn-
ovial cells from arthritis patients with Hsp70 diminished
TNF-o and IFN-y production by these cells [10]. MCP-1
was not measured in that previous work, but this chemokine
is important for cell migration in inflammatory
responses [47]. We believe that MCP-1 production should
be analysed in future works with human cells treated with
Hsp70.

TLR2 has an interesting feature that, depending on the
nature of TLR2 ligand, it can induce pro-inflammatory or
anti-inflammatory responses [33,48,49]. We observed that
TLR2 plays a critical role in mediating down-regulation of
C/EBPB and C/EBPS and inhibition of pro-inflammatory
cytokines (Figure 2). In contrast with our findings, macro-
phages treated with a Mycobacterium tuberculosis 19-kDa
lipoprotein leads to up-regulation of both via TLR2 [50]. This
is the first time that TLR2 has been associated with a down-
regulation of C/EBPf and C/EBPS expression.

We next tried to elucidate other molecules that could be
involved in Hsp70-mediated effects found in BMDCs.
Tumour-associated Hsp70 can activate ERK and STAT3 in
a TLR2-dependent manner [32], and both molecules can be
activated downstream of TLR activation [51]. We observed
that after ERK inhibition, Hsp70 tolerogenic effects on
BMDCs could not be observed anymore. C/EBP or C/EBPS
activation via the ERK pathway has been reported in
chondrocytes [52], monocytes [53] and macrophages [54].
ERK is also required for the stability of tolerogenic phenotype
in DCs [55,56]. We believe that ERK interaction with
C/EBPB and C/EBPS could be a possible explanation for
our observations.

In addition, we observed that STAT3 was required for
decreasing the basal expression of C/EBPP and C/EBPSJ,
leading to an impairment in TNF-o, IFN-y and MCP-1
production in Hsp70-treated BMDCs. Previous studies sug-
gested that STAT3 could control transcription of C/EBPJ [54]
and C/EBP9 [57] genes. Macrophages from STAT3 KO mice
failed to induce C/EBPJ upon LPS or IL-10 stimulation [58].
This regulation was suggested to be due to STAT3 binding in
the distal region of C/EBP promoter [59]. These findings
strongly corroborate our observations that STAT3 can medi-
ate C/EBP family members’ expression.

In our system, IL-10 production by BMDCs induced by
Hsp70 was necessary for C/EBP and C/EBPS down-
regulation and concomitant inhibition of pro-inflammatory
cytokines. ERK and STAT3 have been described to be
involved in IL-10 signalling [36] and Hsp70 effects were also
dependent on this cytokine [60]. C/EBPPB and C/EBPS have
been associated with the production of IL-10 in macrophages
[61,62]; however, the effects of IL-10 over the expression of
these transcription factors in different immune cells have not
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been investigated in detail. One study suggested that IL-10
treatment could either up-regulate C/EBPf in THP-1 macro-
phages, or yet that it has no effect over undifferentiated
monocytes, [58]. It is possible that the regulation of C/EBP
transcription factors expression depends not only on a single
cytokine stimulus, but rather requires a combination of
signals triggered in Hsp70-treated cells.

Aside from the anti-inflammatory effects of extracellular
Hsp70, elevation of intracellular Hsp70 levels by chemical
agents or thermal stress also demonstrated tolerogenic
properties on DCs [63], perhaps due to secretion of this
protein when it is produced in elevated levels. Consequently,
induction of intracellular HSPs using non-toxic chemical
compounds isolated from medicinal plants [64] might
constitute an alternative way to induce tolerance in inflam-
matory conditions.

Conclusion

Our results indicate a probable mechanism employed by
Hsp70 to down-regulate levels of IFN-y, TNF-o and MCP-1,
via inhibition of the expression of C/EBPP and C/EBPS
transcription factors. Hsp70 was not capable to impair pro-
inflammatory cytokines production and decrease C/EBPf and
C/EBPS levels in TLR2 or IL-10 KO cells, or in BMDCs that
had ERK or STAT3 signalling pathways inhibited. We suggest
that extracellular Hsp70 signals via the TLR2-ERK-STAT3-
IL-10 pathway in BMDCs to exert its strong anti-inflamma-
tory effects.
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