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Diet-induced elevation of circulating HSP70 may trigger cell
adhesion and promote the development of atherosclerosis in rats
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Abstract Although accumulating evidence indicates that heat
shock protein 70 (HSP70) could be secreted into plasma and
its levels have been found to have an ambiguous association
with atherosclerosis, our knowledge for the exact role of cir-
culating HSP70 in the development of atherosclerosis is still
limited. In the present study, we report an adhesion-promoting
effect of exogenous HSP70 and evaluate the potential involve-
ment of elevated circulating HSP70 in the development of
atherosclerosis. Time-dependent elevation of plasma HSP70
was found in diet-induced atherosclerotic rats, whose effect
was investigated through further in vitro experiments. In rat
aortic endothelial cell (RAEC) cultures, exogenous HSP70
incubation neither produced cell injuries by itself nor had pro-
tective effects on cell injuries caused by Ox-LDL or homocys-
teine. However, exogenous HSP70 administration could lead
to a higher adhesion rate between rat peripheral blood mono-
cytes (PBMCs) and RAECs. This adhesion-promoting effect
appeared only when PBMCs, rather than RAECs, were
pretreated with HSP70 incubation. PBMCs in an HSP70 en-
vironment released more IL-6 to supernatant, which subse-
quently up-regulated the expression of ICAM-1 in RAECs.
These results indicate that the diet-induced elevation of circu-
lating HSP70 could trigger cell adhesion with the help of IL-6
as a mediator, which provides a novel possible mechanism for
understanding the role of circulating HSP70 in the pathogen-
esis of atherosclerosis.
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Introduction

Atherosclerosis is a main cause of morbidity and mortality, the
first stage of which was found to be an inflammatory response
based on evidence from different laboratories (Ross 1999).
Discoveries of adhesion molecule expression on endothelial
cells and secretion of several cytokines have revealed an in-
volvement of inflammatory and immune mechanisms in the
pathogenesis of atherosclerosis (Libby et al. 2002; Wick and
Xu 1999). In response to various stressors, vascular cells
would produce a high level of heat shock proteins (HSPs) to
block inflammations and maintain homeostasis during stress
(House et al. 2001; Xu 2000, 2002). However, the immune
reaction to HSPs was found to contribute to the development
of atherosclerosis, which suggested that the induction of HSPs
is beneficial in protecting the arterial wall against damage
during stress but is harmful in certain other circumstances
(Wick et al. 2014; Xu et al. 2012).

HSPs can be induced by a wide variety of stress stimuli and
act as chaperones of proteins, protecting them from aggrega-
tion and improper folding (Hartl 1996). HSPs include several
members belonging to six families, and the 70-kDa subgroup
HSP70 is the most widely studied (Yoshida et al. 1990).
HSP70 is normally located within cells to facilitate protein
folding; however, it has also been found to be released in a
soluble form from cells into the blood (Calderwood et al.
2007; Johnson et al. 1995). In contrast to the clearly
cytoprotective action of its intracellular form, the role of cir-
culating HSP70 is more complex and has been found to have
an ambiguous association with atherosclerosis. Most investi-
gators consider that the circulating HSP70 is the reflection of
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its intracellular expression and that it plays a similarly protec-
tive role against atherosclerosis development (Bielecka-
Dabrowa et al. 2009). Epidemiological studies provide evi-
dence of the inverse relationship between the level of plasma
HSP70 and the progression of atherosclerosis (Martin-Ventura
et al. 2007; Zhu et al. 2003). Functional studies have also
reported that extracellular HSP70 could stimulate the produc-
tion of anti-inflammatory cytokine IL-10 in responsive T cells
(Wendling et al. 2000) and attenuate the intimal thickening in
mice exposed to cigarette smoke (Matsumoto et al. 2008). In
contrast, some conflicting reports showed the adverse effects
of circulating HSP70 as a paracrine inducer of pro-
inflammatory cytokines, especially IL-6, which exacerbate
the inflammatory process in the development of atherosclero-
sis plaques (Asea et al. 2000; Gonzalez-Ramos et al. 2013;
Svensson et al. 2006). HSP70 serum concentration was also
shown to increase in patients with peripheral atherosclerosis
according to some epidemiological investigations (Wright
et al. 2000). Circulating HSP70 seems to be a pleiotropic
molecule with complex biological actions in different micro-
environments; however, its exact role in atherosclerosis is still
unclear.

As a major cytokine in the pro-inflammatory scenario, IL-6
has been proved to be up-regulated by exogenous HSP70
(Asea et al. 2000) and plays a crucial role in the pathogenesis
of atherosclerosis. Various studies have highlighted the central
role of IL-6 as an upstream inflammatory cytokine in propa-
gating the downstream inflammatory response responsible for
atherosclerosis, such as endothelial cell activation and adhe-
sion enhancement (Hartman and Frishman 2014;Watson et al.
1996). In this regard, IL-6 and its signaling events have been
considered to contribute to both the atherosclerosis plaque
development and destabilization via a variety of mechanisms
(Schuett et al. 2009).

In the present study, we reported a novel adhesion-
promoting effect of exogenous HSP70 and evaluated the po-
tential involvement of circulating HSP70 in the development
of atherosclerosis. The results indicated that a diet-induced
elevation of plasma HSP70 would be likely to trigger cell
adhesion between monocytes and endothelial cells with the
help of IL-6 as a mediator, which provides a novel possible
mechanism for understanding the role of circulating HSP70 in
the pathogenesis of atherosclerosis.

Materials and methods

Animals

All animal experiments were performed on male SD rats
weighing from 180 to 220 g, which were housed in plastic
cages with access to food and water ad libitum and maintained
on a 12-h light/dark cycle at 22–26 °C. The experimental

protocols were approved by the Institutional Animal Care
and Use Committee of IBMS (Permit Number: 2012-D-
3098) and were in accordance with the NIH Guide for the
Care and Use of Laboratory Animals (NIH Publications No.
8023).

Induction of atherosclerosis and pathological study

Each experimental group consisted of 20 rats which were fed
either a normal diet or a high-cholesterol diet for 12 weeks to
induce atherosclerosis. The high-cholesterol diet contained
3 % cholesterol, 0.5 % cholic acid, 0.2 % 6-propyl 2-thioura-
cil, 5 % (w/w) lard, and 91.3 % regular rat chow, with the
addition of a single dose of vitamin D3 (600,000 unit/kg,
i.p.) (Sigma China, Beijing). Blood was collected every
2 weeks from the vena orbitalis posterior for plasma separa-
tion. Plasma total cholesterol (TC) and low-density lipopro-
tein (LDL) cholesterol were measured using corresponding
kits (Sino-BioTech, China). At the end of the experimental
6, 8, 10, and 12 weeks, three rats were sacrificed for aorta
collection under sodium pentobarbital (1 %, 50 mg/kg, i.p.)
anesthesia. The separated aortas were maintained in −80 °C
until western blot detection or were fixed in formalin and were
prepared as paraffin sections for pathological analysis by he-
matoxylin and eosin staining.

Plasma HSP70 detection by western blot and Elisa assay

The alteration of HSP70 in plasma was assessed by western
blot and Elisa assay. In western blot, the plasma samples were
electrophoresed by SDS-PAGE gel and transferred onto a
PVDF membrane with a Semidry Transfer System (Bio-
Rad, USA). After blocking with 5 % milk in PBS, the mem-
brane was incubated with anti-HSP70 antibody (H5147,
Sigma-Aldrich, USA). The membranes were then incubated
with horseradish peroxidase-conjugated secondary antibody
(ZSGQ-Bio, China) for 2 h at room temperature. To normalize
the loaded samples, mouse monoclonal anti-tubulin antibody
(ZSGQ-Bio, China) was used, followed by incubation with
horseradish peroxidase-conjugated anti-mouse IgG (ZSGQ-
Bio, China). The membranes were incubated with Pierce
ECL substrate kit (Thermo Scientific, USA), and images of
the membranes were acquired with the ImageQuant LAS
4000 chemiluminescence imaging system (GE, USA) and
were analyzed with Image Pro Plus software. The gray density
of the band of HSP70 was measured and normalized to the
gray density of the tubulin band. Plasma HSP70 release was
also quantified using a Sandwich Elisa assay as previously
described (Zhan et al. 2009). Briefly, microtiter plates with
coated HSP70/HSP72 monoclonal antibody (ADI-SPA-810,
Enzo Life Sciences, Switzerland) were incubated with recom-
binant rat HSP70/HSP72 (ADI-SPP-758, Enzo Life Sciences,
Switzerland) or plasma samples. The plates were subsequently
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washed and incubated with rabbit anti-HSP70 antibody (sc-
33575, Santa Cruz, USA). Peroxidase-conjugated anti-rabbit
IgG and TMB substrate (ZSGQ-Bio, China) were used for
chromogenic reaction. The reaction was terminated by
H2SO4, and the absorbance was measured at 450 nm using a
microplate reader (Thermo Fisher, USA). HSP70 concentra-
tions in plasmawere determined by comparing the absorbance
to the standard curve which was constructed with recombinant
rat HSP70/72.

Endothelial cell and monocytes culture

Rat aortic endothelial cells (RAECs) were prepared as de-
scribed previously (Leng et al. 2013). RAECs were character-
ized by immunochemical staining using an antibody for en-
dothelial cell-specific VIII factor relative antigen (sc-59957,
Santa Cruz, USA). The endothelial cells were sub-cultured in
medium-199 (Gibco, USA) supplemented with 10 % heat-
inactivated fetal bovine serum (FBS, Invitrogen, USA), peni-
cillin (100 U/ml), and streptomycin (100 mg/ml) in a humid-
ified CO2 incubator. RAECs from the third and fifth passages
were used for all the experiments. Sub-confluent cells were
serum-starved for 24 h prior to the various treatments.
Peripheral blood monocytes (PBMCs) were isolated from
healthy adult SD rats using MACS cell separation kits (130-
091-221, Miltenyi Biotec, Germany), and the purity was ver-
ified to be 95 % by morphological examination after
cytostaining using an anti-CD14 antibody. The monocytes
were maintained in RPMI-1640 (Gibco, USA) with 10 %
FBS. All reagents were purchased from Sigma-Aldrich unless
specified.

Lactate dehydrogenase assay

Cell injury was appraised quantitatively by measuring lactate
dehydrogenase (LDH) release from damaged cells. The activ-
ity of LDH was determined spectrophotometrically at 340 nm
using a commercial kit following the manufacturer’s instruc-
tions (Zhongsheng Co. China). Twenty-four-hour incubations
of H2O2 (100 μM), Ox-LDL (50 μg/ml), or Hcy (5 mM) were
used as positive controls to induce cell injury in different as-
says. Recombinant rat HSP70/HSP72 (ADI-SPP-758, Enzo
Life Sciences, Switzerland) was administrated before or to-
gether with the Ox-LDL or Hcy incubation for the purpose
of testing the potential protective role of exogenous HSP70.

MTTassay for cell survival rate evaluation

RAECs were seeded in a 96-well plate (5000 cell/well,
100 μl) for drug treatment; LPS (10 μg/ml) was set as a pos-
itive control. After 24 h of incubation, the medium was re-
placed as a 200-μl MTT medium (0.5 mg/ml) for another 4 h
of incubation. Then, the MTT reagent was removed and

150 μl DMSO was added to each well with 15 min gentle
shaking. The absorbance at 490 nm was read by a microplate
reader. Cell survival rate was calculated as the ratio of absor-
bance between treatment and negative control. All experi-
ments were performed in eight wells of each group and repeat-
ed three times.

Cell adhesion assay

RAECs at confluent status were treated with different doses of
recombinant rat HSP70/HSP72 (ADI-SPP-758, Enzo Life
Sciences, Switzerland) for 24 h and then co-cultured for an-
other 30 min with freshly isolated PBMCs from healthy rats.
Alternatively, normal PBMCs were treated with different
doses of HSP70 for 24 h and then co-cultured with confluent
RAECs for an additional 30 min. Control cells received only
vehicle treatment. LPS (0.1 μg/ml)-treated cells were used as
positive controls. Non-adherent cells were washed out using
PBS with 1 % FBS. Attached PBMCs or RACEs were count-
ed under an inverted microscope.

Detection for cell adhesion molecule and cytokine

Alteration of ICAM-1 expression in RAECs was quantified
using a cell Elisa assay. In brief, RAECs were seeded in a 96-
well plate (5000 cell/well, 100 μl) for HSP70 treatment; LPS
(0.1 μg/ml) was set as a positive control. After 24 h of incu-
bation, the medium containing HSP70 was replaced by 4 %
paraformaldehyde for 15 min fixation. Three percent H2O2

and 10 % BSA in PBSTwere administrated by turns to block
the endogenous peroxidase and nonspecific antibody-binding
site, respectively. A 12-h incubation of goat anti-ICAM-1 an-
tibody (sc-1511, Santa Cruz, USA) at 4 °C was used for
ICAM-1 detection. Peroxidase-conjugated anti-goat IgG and
TMB substrate (ZSGQ-Bio, China) were used for chromogen-
ic at 405 nm. The levels of ICAM-1 were normalized by
comparing optical densities to those in control wells. On the
other hand, HSP70-induced IL-6 release from PBMCs was
assessed by a Sandwich Elisa assay using a commercial kit
(KRC0061, Thermo Fisher, USA) according to the manufac-
turer’s instructions.

Data analysis

Shapiro-Wilk normality test was first used to determine which
data are normally or non-normally distributed. Normally dis-
tributed data were shown as mean ± SD, while non-normally
distributed data were shown as median with interquartile
range. Parametric one-way ANOVA followed by Fisher’s
PLSD post hoc analysis was used for comparisons of the nor-
mally distributed data between groups. Non-parametric
Kruskal-Wallis H test and Mann-Whitney U test were used
for comparisons of non-normally distributed data (the level of
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plasma HSP70) between groups. All analysis was performed
using the SPSS statistical package, and p < 0.05 was consid-
ered to be significantly different.

Results

Circulating HSP70 increased in diet-induced
atherosclerotic rats

Numerous investigations have demonstrated that higher levels
of plasma cholesterol could accelerate atherosclerosis and
cause dysfunction in endothelial cells. In the present study,
we fed SD rats with a high-cholesterol diet (HCD) for
12 weeks to induce atherosclerosis and monitored the alter-
ation of circulating HSP70 levels in this pathogenesis process.
As shown in Fig. 1a, b, rats that received HCD developed a
time-dependent dysregulation in cholesterol metabolism. The
level of plasma total cholesterol (TC) and low-density lipo-
protein (LDL) cholesterol became significantly elevated from
the sixth and the second week, respectively, in rats fed with
HCD (p < 0.05 vs. control). And this higher level of TC and
LDL increased linearly until the termination of the experi-
ment. Pathological assessment was carried out from the sixth
week, and the atherosclerotic changes and plaques similar to
those in humans were observed in the aorta in the HCD group

rats (Fig. 1c). To further characterize the possible role of plas-
ma HSP70 in atherosclerosis, we measured the change of its
level in HCD-induced atherosclerotic rats. Both western blot
data and Elisa data indicated that a remarkable increase of
plasma HSP70 concentration was induced by HCD in rats
(Fig. 1d, e).

Exogenous soluble HSP70 had no injurious or protective
effects on cultured endothelial cells

To study the relationship between the secreted circulating
HSP70 and the development of atherosclerosis, the effects of
exogenous HSP70 on cell activity were checked in primary
endothelial cell cultures. In contrast to H2O2 treatment,
HSP70 incubation with different concentrations or durations
did not increase the activity of LDH in primary RAECs
(Fig. 2a, b). Similarly, MTT assay showed that HSP70 incu-
bation, throughout the doses or treatment times tested, did not
result in alterations to cell survival rate compared with nega-
tive and positive controls (Fig. 2c, d), suggesting no direct
injurious effects of HSP70 on RAECs culture. Subsequently,
we examined whether exogenous HSP70 has protective ef-
fects on endothelial cells. Ox-LDL and Hcy, which could be
detected in atherosclerotic plaque and cause endothelial dys-
function, were used as cell injury factors when incubated with
HSP70. As shown in Fig. 2e–h, both Ox-LDL (50 μg/ml) and

Fig. 1 The level of circulating HSP70 went through a time-dependent
elevation in diet-induced atherosclerotic rats. The rats that had received a
high-cholesterol diet (HCD) developed a significant dysregulation in
cholesterol metabolism. Higher levels of plasma total cholesterol (a)
and plasma LDL (b) occurred from the sixth and the second week in
the HCD group rats, n = 10. c Atherosclerotic pathological alterations
appeared in the thoracic aorta of rats after 6-weeks of HCD feeding.
The time-dependent elevation of circulating HSP70 was identified in
the HCD group rats by western blot (d) and ELISA assay (e),

respectively, n = 10. Western blot images were digitalized and analyzed
by software. The gray density of the band of HSP70 was measured and
normalized to the gray density of the tubulin band. ELISA results were
shown as boxplots because of the non-normal distribution of HSP70
concentrations. Values in a–d represent mean ± SD. Horizontal lines
across each box represent medians of plasma HSP70, while heights of
each box represent interquartile ranges of HSP70 distribution in e.
*p < 0.05 vs. Ctrl
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Hcy (5 mM) incubation for 24 h induced a significant increase
in the LDH activity of cultured RAECs, while HSP70 admin-
istration with different concentrations or different modes (pre-
treatment or simultaneous treatment) failed to reverse the cell
injury caused by Ox-LDL and Hcy.

Exogenous HSP70 triggers cell adhesion by activating
monocytes to release IL-6

Then we examined whether exogenous HSP70 could regulate
the interaction between monocytes and endothelial cells
in vitro to reveal the potential physiological significance of
circulating HSP70. RAECs with or without pretreatment of
HSP70 were co-cultured with PBMCs. No significant change
was observed in the density of adherent PBMCs among
groups, which suggested that HSP70 treatment alone could

not activate endothelial cells (Fig. 3a). In addition, HSP70
had no impact on the adhesion of PBMCs to RAECs which
were activated by LPS (Fig. 3a), Ox-LDL, and Hcy (data not
shown). Consistent with these results, 24-h HSP70 incubation
also failed to induce higher expression of ICAM-1 in RAECs
(Fig. 3b). However, when PBMCs were pretreated with
HSP70 at doses higher than 10 μg/ml, they attracted more
normal RAECs that adhered to them (note the higher density
of adherent RAECs in Fig. 3c). To further explore the mech-
anisms underlying the adhesion-promoting role of HSP70, we
also measured the cytokine release in PBMCs. An Elisa assay
for IL-6 indicated that HSP70 treatment could induce a dose-
dependent secretion of IL-6 in PBMCs (Fig. 3d). IL-6 treat-
ment could also activate RAECs and result in higher expres-
sion of ICAM-1 in RAECs (Fig. 3f) and a higher adhesion rate
of PBMCs to RAECs, which was similar to the situation of

Fig. 2 Exogenous HSP70 neither induced injury or death in rat aortic
endothelial cells (RAECs) nor had a cytoprotective role in cell injury in
RAECs. Exogenous HSP70 was added with different doses and treatment
times in the medium of primary cultured RAECs, while H2O2 and LPS
were used as positive controls for cell injury and death, respectively.
HSP70 did not induce any statistical change in cell LDH activity and
survival rate in RAECs (a–d). The potential protective role of exogenous
HSP70 was investigated in cell injury models. Different dose of

recombinant HSP70 were added in the medium of RAECs
simultaneously with the incubation of Ox-LDL or Hcy. The presence of
HSP70 did not reverse the Ox-LDL or Hcy-induced increase in RAECs
LDH activity (e–f). High dose of HSP70 was also administrated at times
before the damaging compound. However, pretreatment with HSP70 for
8 or 24 h failed to decrease the level of LDH activity (g–h). Values
represent mean ± SD, n = 3. *p < 0.05 vs. Ctrl
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HSP70 pretreatment in PBMCs (Fig. 3e). These results sug-
gest that exogenous HSP70 might provide a paracrine regula-
tion of the interaction between monocytes and endothelial
cells in the vasculature.

Discussion

HSP70, also known as HSPA1A in humans, serving as both
molecular chaperones and cytokines, not only play a role in
cell protection from damage in response to stress stimuli but
are also involved in the pathogenesis of some diseases (Kaiser
et al. 2014; Xu et al. 2012). In the present study, we identified
a time-dependent elevation of plasmaHSP70 inHCD-induced
atherosclerotic rats and demonstrated that exogenous HSP70
could activate monocytes to promote the adhesion between
endothelial cells and monocytes. These results indicated that
a diet-induced release of HSP70 (HSPA1A) might act as a
paracrine factor to regulate vascular homeostasis.

A HCD is a commonly used model to evoke atherosclero-
sis in animals (Cai et al. 2005). As in our previous studies
(Leng et al. 2010, 2013), we successfully induced atheroscle-
rotic pathological changes in rats’ thoracic aorta accompanied
by a significant elevation of plasma TC, LDL, Hcy, and most
importantly by circulating HSP70. The increased plasma
HSP70 probably derived from multiple cells. Our previous

experiments had proved that the endothelial cell could release
HSP70 to plasma by an exosome-dependent pathway in the
presence of Ox-LDL or Hcy (Zhan et al. 2009). Ox-LDL
could also induce the secretion of HSP70 from intact macro-
phages into the blood (Hunter-Lavin et al. 2004; Svensson
et al. 2006). Mast cells, dendrite cells, and even tumor cells
had also been observed to be a source of circulating HSP70s
(Laulagnier et al. 2004; Mambula and Calderwood 2006). Our
result of elevated plasma HSP70 is consistent with the data
from Krepuska (Krepuska et al. 2011) and Wright (Wright
et al. 2000), which showed an increased level of serum
HSP70 (HSPA1A) in atherosclerosis patients, but is in con-
trast to other reports showing a lower concentration of circu-
lating HSP70 (HSPA1A) in atherosclerotic subjects (Dulin
et al. 2010; Galovic et al. 2016). The reasons for this conflict
have not been fully understood, but perhaps the differences in
the models and species may contribute to explain the contrast-
ing findings. The conflict may also reflect the complex bio-
l og i c a l a c t i on s o f so lub l e HSP70 in d i f f e r en t
microenvironments.

The endothelium is the major regulator of vascular homeo-
stasis, whose dysfunction is an early marker for atherosclero-
sis (Deanfield et al. 2007). Soluble HSP70 had been found to
act as a pro-inflammatory cytokine binding to Toll-like recep-
tors (TLRs) of monocytes to exaggerate the pathogenesis of
vascular diseases (Asea et al. 2002). Vascular endothelial cells

Fig. 3 Exogenous HSP70 promotes the adhesion between rat peripheral
blood monocytes (PBMCs) and rat aortic endothelial cells (RAECs) by
cytokine release. a RAECs were treated with LPS and HSP70 for 24 h
and then incubated with freshly isolated PBMC for an additional 30 min.
Adherent PBMCs density indicated that HSP70 has no effect on the
adhesion of RAECs. Consistently, 24 h HSP70 treatment failed to
induce a higher expression of ICAM-1 in RAECs (b). However, when
the experimental procedure was reversed, HSP70 treatment on PBMCs

resulted in a higher adhesion rate between PBMCs and RAECs (c). d
24-h HSP70 incubation also induced higher IL-6 release in PBMCs. e
RAECs were treated with LPS and IL-6 for 24 h and then incubated with
PBMCs for 30 min. Similar adhesion-promoting effects of IL-6 were
indicated by higher adherent PBMCs density. f 24-h IL-6 treatment on
RAECs led to a dramatic up-regulation of ICAM-1. Values represent
mean ± SD, n = 3. *p < 0.05 vs. Ctrl
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express TLRs under baseline conditions, and the expression of
TLR2 and TLR4 would increase substantially in the endothe-
lium covering atherosclerotic lesions (Edfeldt et al. 2002;
Faure et al. 2001). Thus, the endothelial cells might be a po-
tential target of circulating HSP70.We evaluated the effects of
exogenous recombinant rat HSP70 on RAECs by in vitro ex-
periment. Surprisingly, we failed to detect either the direct
injurious effects or the protective effects of HSP70 on cultured
RAECs. Moreover, the lower adhesion rate of PBMCs to
RAECs and the unchanged expression of ICAM-1 and IL-6
suggested that although endothelial cells expressed TLRs,
they cannot be activated by HSP70 alone. These results were
likely attributed to the different specific characters of different
cells. In addition, it was reported that CD14 was necessary for
the effects of soluble HSP70 binding to TLR4 on NF-kB
activation (Asea et al. 2000; Dybdahl et al. 2002). The lack
of sufficient CD14 in the culture environment would be an-
other possible reason for the insensitivity of endothelial cells
to HSP70.

Endothelial cells are not the only potential target of circu-
lating HSP70. Monocytes, natural killer cells, and dendrite
cells were also found to be activated by soluble HSP70 or
HSP60 and to produce more pro-inflammatory factors such
as TNF-α and IL-8 (Gross et al. 2003; Lipsker et al. 2002;
Yokota et al. 2006). Thus, we also evaluated the role of HSP70
in monocytes and found that exogenous HSP70 administra-
tion led to a higher adhesion rate between PBMCs and
RAECs. It is known that elevations of intracellular HSP70 in
cells of the blood vessel walls decrease the expression of in-
flammatory factors and inhibit the cell adhesion between en-
dothelium and leukocyte (House et al. 2001; Kohn et al.
2002). However, our data implied that HSP70 would have a
dramatic different effect on PBMCs to promote cell adhesion
when it released outside of endothelial cells and circulated in
the blood. On the other hand, the present study also implied
that the HSP70-evoked selective adhesion-promoting effect
on monocytes would be probably mediated by IL-6 release.
Pretreatment with exogenous HSP70 incubation caused only
PBMCs, rather than RAECs, to produce more IL-6, which
could subsequently up-regulate the expression of ICAM-1 in
RAECs and mimic the adhesion-promoting effects of exoge-
nous HSP70 on monocytes. Various studies have highlighted
the central role of IL-6 as an upstream inflammatory cytokine
in propagating the downstream inflammatory response re-
sponsible for atherosclerosis, such as endothelial cell activa-
tion and adhesion enhancement (Hartman and Frishman 2014;
Watson et al. 1996). Considering the initial role of cell adhe-
sion in the development of atherosclerosis, we speculated that
the secreted circulating HSP70 (HSPA1A) might act as a pro-
atherosclerosis factor to trigger cell adhesion between mono-
cytes and endothelial cells with the help of IL-6, which pro-
vides a novel possible mechanism for understanding the path-
ogenesis of atherosclerosis. The exact physiological and

pathological significance of circulating HSP70 (HSPA1A) in
vascular lesion formation and atherosclerosis development
will require further investigation.
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