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Abstract

Heat shock protein A12B (HSPA12B) is a newly discovered member of the HSP70 protein family. This study investigated the effects of
HSPA12B on lipopolysaccharide (LPS)-induced inflammatory responses in human umbilical vein endothelial cells (HUVECs) and the possible
mechanisms involved. A HUVECs inflammatory model was induced by LPS. Qverexpression of HSPA12B in HUVECs was achieved by infection
with recombinant adenoviruses encoding green fluorescence protein-HSPA12B. Knockdown of HSPA12B was achieved by siRNA technique.
Twenty four hours after virus infection or siRNA transfection, HUVECs were stimulated with 1 pg/ml LPS for 4 hrs. Endothelial cell permeability
ability was determined by transwell permeability assay. The binding rate of human neutrophilic polymorphonuclear leucocytes (PMN) with
HUVECs was examined using myeloperoxidase assay. Cell migrating ability was determined by the wound-healing assay. The mRNA and protein
expression levels of interested genes were analyzed by RT-qPCR and Western blot, respectively. The release of cytokines interleukin-6 and
tumour necrosis factor-o. was measured by ELISA. HSPA12B suppressed LPS-induced HUVEC permeability and reduced PMN adhesion to
HUVECs. HSPA12B also inhibited LPS-induced up-regulation of adhesion molecules and inflammatory cytokine expression. By contrast, knock-
down of HSPA12B enhanced LPS-induced increases in the expression of adhesion molecules and inflammatory cytokines. Moreover, HSPA12B
activated PI3K/Akt signalling pathway and pharmacological inhibition of this pathway by Wortmannin completely abrogated the protection of
HSPA12B against inflammatory response in HUVECs. Our results suggest that HSPA12B attenuates LPS-induced inflammatory responses in
HUVECs via activation of PI3K/Akt signalling pathway.
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Introduction

The inflammatory response of endothelial cells is critical for the path-
ogenesis of various diseases, such as endotoxic shock, thrombosis,
cancer, atherosclerosis and diabetes mellitus [1, 2]. The cellular
inflammatory process is characterized by up-regulation of multiple
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cytokines and adhesion molecules, and is vital to evoke innate
immune response and endothelial dysfunction [3, 4]. On the other
hand, lipopolysaccharide (LPS) is an integral part of the outer mem-
brane of Gram-negative bacteria. Mediated by a toll-like receptor 4
(TLR4) on immune cells, it activates the inhibitors of kB (IxB) kinase
complex via myeloid differentiation factor 88 (MyD88) dependent
pathway, resulting in phosphorylation of I«B and the subsequent acti-
vation of the transcription factor nuclear factor-xB (NF-kB), which
induces the expression of cytokines such as tumour necrosis factor
(TNF)-a, interleukin (IL)-6, ICAM-1, VCAM-1, E-selectin [5-7]. There-
fore, inhibition of the synthesis or release of these inflammatory
mediators might be an effective strategy to prevent inflammatory
diseases.
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Leucocyte-endothelium interactions are important for the acute
inflammatory response during various pathological processes. At the
onset of an inflammatory episode, the innate immune system pro-
vides the first line of defence when polymorphonuclear neutrophil
(PMN) leucocytes rapidly adhere to the vascular endothelium and
subsequent transmigrate into the site of inflammation or infection [8].
The crucial step between the initial contact and final transmigration of
PMN is their tight adhesion to endothelial cells, which is mainly medi-
ated by ICAM-1, VCAM-1 and E-selectin [9]. In particular, LPS can
stimulate adhesion molecule expression and induce PMN-endothelial
cell adhesion.

Heat shock protein A12B (HSPA12B) was first discovered in
human atherosclerotic lesions by Han et al. [10] and then was identi-
fied as the newest member of the HSP70 family. As enriched in endo-
thelial cells, HSPA12B has been demonstrated to play an essential
role in the induction of angiogenesis and migration in vitro, partially
attributable to activation of Akt [11, 12]. Once Akt is activated, it will
limit proinflammatory responses during sepsis/septic shock both
in vitro and in vivo [13-15]. Moreover, we reported recently that
transgenic mice with overexpression of HSPA12B showed resistance
to endotoxin-induced cardiac dysfunction through activation of the
PI3K/Akt signalling pathway [16]. Based on these previous findings,
we have been suggested that HSPA12B may attenuate LPS-induced
inflammatory responses via PI3K/Akt signalling pathway.

Materials and methods

Chemicals

Escherichia coli LPS (0111:B4) and Wortmannin (WM) were purchased
from Sigma-Aldrich (St. Louis, MO, USA). A Bicinchoninic Acid protein
assay kit and supersignal west pico chemiluminescent substrate were
obtained from Pierce (Rockford, IL, USA). MTT [3-(4,5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide] reagent was from Bio Besic Inc.
(Markham, ON, Canada). Foetal bovine serum (FBS) was obtained from
Gibco (Grand Island, NY, USA). Antibody information: against a-tubulin,
from Sigma-Aldrich; against total Akt and phosphor-Akt (p-Akt), from
Cell Signaling Technology (Beverly, MA, USA); against E-selectin, from
Abcam (Cambridge, UK); against HSPA12B, ICAM-1, IL-6, TNF-o and
VCAM-1, from Santa Cruz Biotechnology (Santa Cruz, CA, USA); against
COX-2, from R&D Systems Inc (Minneapolis, MN, USA). ELISA kit was
purchased from Yuanye Bio-Technology Co., Ltd (Shanghai, China).

Cell culture

Human umbilical vein endothelial cells (HUVECs) were isolated from
umbilical vein cords of normal pregnancies. Briefly, umbilical veins were
rinsed with sterile saline and digested with trypsin (0.25%, Sigma-
Aldrich). Harvested cells were cultured in M199 medium (Gibco)
supplemented with 10% FBS (Gibco), 100 U/ml penicillin—streptomycin
(Invitrogen, Carlsbad, CA, USA) and 0.5 ng/ml fibroblast growth factor-
basic (Sigma-Aldrich) in an atmosphere of 5% CO, at 37°C. The med-
ium was refreshed at intervals of 2-3 days at cell confluence and the
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cells in passage 2-5 were used for experiments [17]. The umbilical
cords were collected from Department of Obstetrics, the First Affiliated
Hospital of Nanjing Medical University. This study has been approved
by the ethical committee of the First Affiliated Hospital of Nanjing
Medical University (2012-SR-153).

Construction of recombinant adenoviruses and
infection

The human HSPA12B gene consists of 20.4 kb of coding sequence
(gene ID: ENSG number 00000132622), 7.3 kb of 5'flanking sequence
and promoter, and 3.6 kb of 3'flanking sequence. The HSPA12B gene
sequence was amplified by RT-PCR and then cloned into shuttle plas-
mid pAdTrack-CMV and transformed into Escherichia coli BJ5183 cells
carrying backbone plasmid pAdEasy-1 to obtain adenovirus plasmid
through homologous recombination. The adenovirus vectors encoding
HSPA12B were transfected into HEK293 cells. After several rounds of
passage in HEK293 cells, the adenovirus vectors were purified using
two rounds of cesium chloride density gradient centrifugation. Viral titre
was determined by a plaque assay and was expressed as plaque form-
ing units. Purified virus aliquots were stored at —80°C. To overexpress
HSPA12B in HUVECs, HUVECs were infected with adenovirus containing
human HSPA12B ¢DNA (containing 3 flags) with a multiplicity of infec-
tion (MOI) of 6. An adenoviral vector expressing green fluorescence
protein (GFP) was also constructed and used as a control vector
(Ad-con). Both constructs were made by Genechem Co., Ltd, Shanghai,
China. The overexpression of HSPA12B was verified by immunoblotting
for HSPA12B 24 hrs after infection.

Cell viability assay

Cell viability was determined by a MTT assay. In brief, 1 x 10* HUVECs
were seeded in 96-well plates and were infected with Ad-HSPA12B or
Ad-con for 24 hrs, respectively. Then 20 ul of 5 mg/ml MTT in PBS
solution was added into the media and incubated for 4 hrs. Subse-
quently, the formazan product was solubilized by the addition of 150 pl
of dimethyl sulfoxide. Absorbance was measured at a wavelength of
570 nm using Synergy HT plate reader (Synergy HT; Bio-Tek, Winooski,
Vermont, USA) and cellular viability (%) was determined.

Endothelial permeability assay

Human umbilical vein endothelial cell permeability was determined by
measuring FITC-labelled dextran (Sigma-Aldrich) across the monolayer
as Hordijk PL described [18]. Cells were grown on gelatin-coated Tran-
swell (filter area, 0.33 cm?, pore diameter size, 0.4 um, Corning Costar,
Cambridge, MA, USA) membranes. All transfection reagents and chemi-
cals were added to the luminal chamber. FITC-dextran 500000-Conju-
gate (0.5 mg/ml) was added to the luminal chamber and co-incubated
with monolayers at 37°C for 60 min. Samples were removed from both
luminal and abluminal chambers for fluorescence determination using a
fluorescent plate reader (Synergy HT; Bio-Tek) with an excitation wave-
length of 490 nm and an emission wavelength of 520 nm. The readings
were converted with the use of a standard curve to FITC-dextran
concentration. These concentrations were then used in the following
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equation to determine the permeability coefficient of FITC-dextran (P):
P = ([A)/f) x (1/A) x (V/[L]) where [A] is abluminal concentration, t is
time in seconds, A is area of membrane in cm?, V is volume of ablumi-
nal chamber, and [L] is luminal concentration.

Neutrophil isolation

Human neutrophilic polymorphonuclear leucocytes (PMNS) were iso-
lated from blood obtained through vein-puncture from adult healthy vol-
unteers and collected into syringes containing EDTA. Blood samples
were mixed with equal volumes of Polymorphprep™ (Axis-Shield, Oslo,
Norway) in a 15-ml centrifuge tube. The samples were centrifuged at
450 x g for 35 min. in a swing-out rotor at 20°C. After centrifugation,
two leucocytes bands should be visible. The lower band consisting
PMNs was harvested and transferred into a new centrifuge tube with
Pasteur pipette. Cells were washed twice with PBS and were resus-
pended at a final count of 1 x 10° cells/ml. This procedure usually
resulted in an approximately 95 + 5% purity of neutrophils and the cell
viability was more than 95% as detected by trypan blue exclusion test
[19]. This study has been approved by the ethical committee of the
First Affiliated Hospital of Nanjing Medical University.

Endothelial — neutrophil cell adhesion assay

Human umbilical vein endothelial cells were seeded at a concentration of
1 x 10° cells/well into 24-well plates (Corning Costar) and incubated for
24 hrs at 37°C. Cells were infected by Ad-con or Ad-HSPA12B for 24 hrs
and then stimulated with 1 pg/ml LPS for 4 hrs. Thereafter, human
neutrophils were added at a concentration of 1 x 10° cells/well and co-
incubated with HUVECs for 30 min. at 37°C. The monolayers were gently
washed twice with PBS and then adhered neutrophils were quantified by a
myeloperoxidase (MPO) assay [20]. Neutrophils’ MPO activities were
assessed by measuring hydrogen peroxide-dependent oxidation of 3,3/,
5,5'-tetramethylbenzidine (Sigma-Aldrich). PMN adherence was expres-
sed as the ratio of adhered neutrophil MPO activity/total neutrophils.

Monolayer wound-healing migration assay

To measure the migrating ability of HUVECs, a wound-healing assay
was carried out. In brief, cells were seeded at a density of 1 x 10°
cells/well in 6-well plates in M199 with 10% FBS and were incubated
for 24 hrs. The cells were then infected with Ad-HSPA12B or Ad-con
for 24 hrs. After infection, cells were allowed to grow to monolayers
and interrupted using a 200 ul pipette tip, washed twice with PBS and
challenged with 1 pg/ml of LPS for 4 hrs. Cell migration was photo-
graphed using a phase contrast microscope (Wetzlar, Hesse-Darmstadt,
Germany). The experiments were performed in triplicate.

ELISA

Human umbilical vein endothelial cells were seeded at a concentration
of 1 x 10° cells/well into 24-well plates (Corning Costar) and incubated
for 24 hrs at 37°C. Cells were infected by Ad-con or Ad-HSPA12B for
24 hrs and then stimulated with 1 pg/ml LPS for 4 hrs. Subsequently,
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cell culture supernatants were centrifuged for 10 min. at 1810g (4°C) to
remove cell debris and then tests were performed according to the
instructions provided by the manufacturer.

siRNA transfection

Human umbilical vein endothelial cells (5 x 10° cells/well) were plated
in six-well plates and allowed to grow overnight. siRNA (200 pmol) and
5 pl Lipofectamine™ 2000 (Invitrogen) were diluted in M199 to a total
volume of 250 pl. The diluted siRNA and Lipofectamine™ 2000 were
mixed and incubated at room temperature for 20 min. to generate the
transfection mixture. The cells were washed with serum-free M199
medium, and the transfection mixture was added to the six-well plates
and incubated for 6 hrs. Then six-well plates were cultured in M199
medium supplemented with 10% FBS and observed through a fluores-
cence microscope after 24 hrs. The inhibitory efficiency of the siRNAs
on the expression of HSPA12B mRNA and protein was evaluated by
quantitative reverse transcriptase polymerase chain reaction (RT-qPCR,
24 hrs after) and western blot analysis (48 hrs after).

Western blot

Western blot was performed as described previously [21]. Briefly, the cell
lysates were prepared, and equal amounts of protein extract were separated
by 10% SDS-PAGE and transferred onto Immobilon-P membrane (Millipore
Corp., Billerica, Massachusetts, United States). After blocking, membranes
were incubated with primary antibody at 4°C overnight followed by incuba-
tion with a secondary antibody. The same membranes were also probed
with anti-o-Tubulin for loading control. The blots were detected using an
ECL kit, and the signals were quantified by scanning densitometry.

RNA preparation and quantitative real-time PCR
(qPCR)

Total RNA was extracted from HUVECs using TRIZOL reagent (Invitro-
gen) according to the manufacturer’s instructions. Two micrograms of
total RNA were reverse-transcribed with 200 U Moloney murine leukae-
mia virus reverse transcriptase (M-MLV, Promega, Madison, WI, USA),
and in the presence of 0.5 mmol/l deoxynucleotide triphosphate, 25 U
RNase inhibitor, and 0.5 mg N15 random primers, in a total volume of
25 pl. Once cDNA was obtained, qPCR was carried out to quantify gene
expression levels. Each reaction was performed in triplicate, in a 25 pl
volume of SYBR Green Real-time PCR Master Mix (Toyobo, Osaka,
Japan). The PCR programme was designed as follows: 60 sec. at 95°C;
followed by 40 cycles of 15 sec. at 95°C; 15 sec. at 60°C; 45 sec. at
72°C; and 5 sec. at 80°C on the plate reader (Rotor Gene-3000; Corbett
Research, Sydney, NSW, Australia). All the data were analyzed using
B-actin as an internal control. Specific PCR primers (shown in Table 1)
were designed by Primer 5 software.

Statistical analysis

Results are expressed as the means =+ standard deviation (x & SD).
Data comparison between groups was performed with one-way Anova.
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Tukey’s procedure for multiple range tests was performed. P < 0.05

Table 1 Primer sequences for qPCR. Forward (F) and reverse (R) 5 R
was considered to be significant.

primers were designed for each gene as specified below

Gene Forward and reverse primer (5'-3')
B-Actin F-ATTGGCAATGAGCGGTTCCGC
R-CTCCTGCTTGCTGATCC ACATC Results
TNF-o F-CCCCAGGGACCTCTCTCTAAT _ S
R-GGTTT GCTACAACATGGGCTAC LPS induces HUVEC injury in a dose- and
IL-6 F-GGGAAATCGTGGAAATGAGAAA time-dependent manner

R-AAGTGCATCATCGTTGTTCATACA
We incubated HUVECs with LPS at different concentrations for differ-

ICAM-1 F-TACGTGTGCCATGCCTTTAGC ent durations. Cell viability was evaluated by a MTT assay. As shown
R-GCCCACAATGACCAGCAGTA o R

in Figure 1A, LPS decreased cell viability in a time- and dose-depen-

VCAM-1 F-CGAAAG GCCCAGTTGAAGGA dent manner. Consistently, the percentage of living cells decreased

R-GAGCACGAGAAGCTCAGGAGAAA along with the increase in the concentration and incubation time of
HSPA12B F-ATCGCCACCTTCAAAAGGCAA LPS. Cell viability did not change significantly when HUVECs were
R-CTGTGAGGACCACTTCACGA exposed to 0.1 or 1 pg/ml LPS for 1 hr. However, HUVECs
were almost dead when treated with 1 or 10 pg/ml LPS for 8 hrs.
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Fig. 1 (A) HUVEGs viability quantification (%). Cells were treated with LPS (0.1, 1, 10 pg/ml) for 0.25, 0.5, 1, 2, 4 or 8 hrs and the MTT assays
were preformed to assess cell viability. n = 10 per group. (B) LPS up-regulated HSPA12B expression. HUVECs were stimulated with LPS (1 pg/ml)
for 4 hrs. Cells were collected for immunoblotting for HSPA12B. ** P < 0.01; n = 3 per group. (C) After human HSPA12B gene was transducted by
recombinant adenovirus, HUVECs viability was detected by MTT assay. n = 3 per group. (D) Efficiency of adenovirus infection determined by GFP
expression. (E) Protein expression of HSPA12B was examined by Western blot. * P < 0.05, ** P < 0.01, n = 3 per group.
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Therefore, we used 1 pg/ml LPS and 4 hrs treatment time in the fol-
lowing experiments.

LPS up-regulates HSPA12B expression in
HUVECs

As shown in Figure 1B, treatment with LPS for 4 hrs increased
HSPA12B protein levels by 493% in HUVECs, compared with the
untreated control HUVECs. The data indicates a possible involvement
of HSPA12B in LPS-provoked endothelial inflammation.

Overexpression of HSPA12B in HUVECs by
infection with recombinant adenoviruses
encoding GFP-HSPA12B protein

Human umbilical vein endothelial cells were infected by adenoviruses
at different MOI index for various durations. MTT assays indicated
that cell viability was intact when cells were infected at MOI = 6 for
24 hrs (Fig. 1C). Fluorescent microscope examination confirmed the
expression of GFP protein in infected HUVECs (Fig. 1D). The total
HSPA12B protein, which included endogenous HSPA12B (75 kD) and
transfected HSPA12B (78 kD, containing 3 flags), was significantly
increased by 592.8% in the Ad-HSPA12B group (Fig. 1E). These
results confirmed the effective expression of exogenous HSPA12B
using a recombinant adenovirus expression system.

Overexpression of HSPA12B inhibits LPS-
provoked hyperpermeability

To evaluate the effects of HSPA12B on LPS-induced HUVEC perme-
ability, a transwell assay was used with some modifications [22].
As shown in Figure 2A, LPS stimulation significantly increased per-
meability coefficient of FITC-dextran (P) by 2.2-fold, compared with
the control group (P < 0.01), whereas HSPA12B overexpression
significantly suppressed the permeability of HUVECs induced by
LPS.

Overexpression of HSPA12B inhibits PMN
adhesion to HUVECs following LPS exposure

As shown in Figure 2B, the basal adhesion level of PMN binding to
HUVECs was low. However, when the cells were stimulated with LPS
for 4 hrs, the rate of PMN binding to HUVEGs significantly increased
(P < 0.01 compared with control). Interestingly, HSPA12B overex-
pression markedly decreased the adhesion between PMN and
HUVECs (P < 0.05 compared with LPS-stimulated Ad-con group).

To evaluate the effect of HSPA12B on LPS-induced HUVEC migra-
tion, a wound-healing assay was used [23]. As shown in Figure 2C,
only few HUVECs were migrated into wound area following stimula-
tion with LPS for 4 hrs. Moreover, no significant difference of migra-
tion was detected between adenovirus group and HSPA12B group
that exposed to LPS for 4 hrs.
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50 -
2 3 buiad _tt_[ = f L z |
- =~

é 5 £ Y oa Fig. 2 Effects of HSPA12B on LPS-induced
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g 3 2 5 ability. Cells were grown to confluence on
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2 5 o i was then added to the luminal chamber,
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and permeability coefficient of FITC-
dextran (P) was calculated after 60 min.
P-values are expressed as percentages of
basal level. *P < 0.05, **P < 0.01. n=3
per group. (B) PMN adhesion. HUVECs
were infected with Ad-HSPA12B for
24 hrs, and then were stimulated with
1 pg/ml LPS for 4 hrs, followed by
co-incubation with human PMNs for
30 min. PMNs adhesion to HUVECs were
measured by assessing MPO activity.
*P < (.05, **P < 0.01. n=3 per group.
(C) Endothelial cell migration. Endothelial
monolayer was made a wound and admin-
istrated with LPS. Endothelial cell migra-
tion was examined after stimulation with
LPS for 4 hrs. n = 3 per group.
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Overexpression of HSPA12B attenuates
LPS-induced increase in the expression of
adhesion molecules and cytokines expression

As shown in Figure 3, LPS increased protein expression of
ICAM-1, VCAM-1, E-selectin, COX-2, IL-6 and TNF-a (P < 0.01)
by western blot analysis, while HSPA12B overexpression inhibited
such induction. These findings were confirmed by RT-qPCR
analysis, which demonstrated that HSPA12B overexpression atten-
uated the LPS-induced up-regulation of ICAM-1, VCAM-1, TNF-o
and IL-6 mRNA levels in HUVECs (P < 0.05 or 0.01, Fig. 4). In
contrast, Overexpression of HSPA12B markedly decreased such
up-regulation.

Overexpression of HSPA12B reduces IL-6 and
TNF-o release from the LPS-stimulated HUVECs

The release of TNF-or and IL-6 in the LPS-stimulated HUVECs was
measured by ELISA. We observed that the contents of IL-6 and TNF-o.

J. Cell. Mol. Med. Vol 19, No 3, 2015

in culture medium were significantly increased by 1.97- and 2.12-fold
after stimulated by LPS in HUVECs (P < 0.01). However, the LPS-
induced increases in IL-6 and TNF-o release were significantly attenu-
ated by HSPA12B overexpression (P < 0.05, Fig. 5).

Knockdown of HSPA12B augments the adhesion
of PMN to HUVECs following LPS stimulation

We next examined the effects of HSPA12B knockdown on the LPS-
induced PMN adhesion to HUVCs. Knockdown of HSPA12B was
achieved by siRNA transfection. The inhibitory efficiency of siRNA on
the expression of HSPA12B mRNA and protein was evaluated by
RT-gPCR and western blot analysis. As shown in Figure 6A and B,
SiRNA transfection decreased HSPA12B mRNA level by 65.4% and
protein level by 68.75%, respectively, compared with the scramble-
transfected (P < 0.01). Importantly, the LPS-induced increase in
PMN binding to HUVECs was significantly exaggerated by 136.85%
by HSPA12B knockdown, compared with that in LPS-treated HUVECs
with normal HSPA12B expression (Fig. 6C, P < 0.05).
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Fig. 3HSPA12B attenuated LPS-induced expression of adhesion molecules and cytokines in HUVECs. HUVECs were infected with Ad-con or Ad-
HSPA12B for 24 hrs and then treated with LPS for 4 hrs. The protein levels of ICAM-1, VCAM-1, E-selectin (A), COX-2, IL-6 and TNF-o (B) were
detected by Western blot analysis. o-Tubulin was used as the loading control. **P < 0.01, n = 3 per group.
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Knockdown of HSPA12B enhances LPS-induced
increase in adhesion molecules and cytokines
expression

Human umbilical vein endothelial cells were stimulated with LPS at
48 hrs after siRNA transfection. Four hours after LPS stimulation, the
mRNA levels of ICAM-1, VCAM-1, IL-6 and TNF-o were analyzed by
RT-qPCR. The results demonstrated that the LPS-induced increases
in mRNA levels of ICAM-1, VCAM-1, IL-6 and TNF-o. were signifi-
cantly exaggerated by 147.6%, 151%, 161.6% and 148.4%, respec-
tively, compared with the LPS-treated HUVECs with normal HSPA12B
(Fig. 7, P < 0.05).

Overexpression of HSPA12B prevents the
decrease in the phosphorylation levels of Akt in
HUVECs with LPS stimulation

Activation of the PI3K/Akt signalling pathway plays an important roles
in inflammatory responses [16, 24, 25], therefore, we examined the
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effect of HSPA12B on the levels of p-Akt in HUVECs. As shown in
Figure 8A, LPS treatment for 4 hrs did not cause significant changes
in the levels of total Akt, but decreased p-Akt levels by 82.67% com-
pared with untreated control cells (P < 0.01). However, in HSPA12B-
overexpressed HUVECs, the levels of p-Akt were restored by 56.81%
compared with the LPS-treated Ad-con group (P < 0.01).

PI3K inhibition abolishes the inhibitory effects of
HSPA12B on LPS-induced inflammatory
responses

To determine the role of PI3K/Akt signalling in the protection of
HSPA12B against LPS-provoked inflammatory responses, we pre-
treated HUVECs with WM (a selective inhibitor for PI3K) 30 min. prior
to LPS stimulation. As shown in Figure 8B, WM significantly
decreased the level of p-Akt either in presence or absence of LPS in
HUVECs. Importantly, inhibition of Akt activation with WM increased
the LPS-induced permeability in HSPA12B-overexpressd HUVECs
(Fig. 9A). Additionally, WM abrogated the protective effect of
HSPA12B on adherence between PMN and HUVEC (Fig. 9B). These

© 2014 The Authors.
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results suggested that the inhibitory effect of HSPA12B on LPS-
induced HUVECs permeability and PMN adherence was mediated by
activation of PI3K/Akt signalling pathway.

Discussion

This study demonstrated that overexpression of HSPA12B inhibited
LPS-induced inflammatory responses as indicated by suppression of
HUVECs permeability, PMN adhesion to HUVECs and adhesion mole-

© 2014 The Authors.

cules expression. By contrast, knockdown of HSPA12B aggravated
the LPS-induced inflammation in HUVECs. HSPA12B overexpression
also markedly prevented the decrease in the levels of phosphorylated
Akt in the HUVECs with LPS stimulation. Importantly, PI3K inhibition
by WM abrogated HSPA12B-induced protection against LPS-induced
inflammation. We conclude that the anti-inflammatory effect of
HSPA12B is mediated, at least in part, through activation of the PI3K/
Akt signalling pathway.

HSPA12B is a newly discovered HSP and predominantly
expressed in endothelial cells, which differs from other HSPs [10-12].
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Fig. 9WM abrogated the protective effect of HSPA12B on LPS-induced increases in permeability and PMN adhesion. (A) HUVECs monolayers were
treated with LPS for 4 hrs. WM was administrated 30 min. prior to LPS stimulation. Endothelial permeability coefficient of FITC-dextran (P) was
examined. (B) HUVECs were treated with LPS for 4 hrs. WM was administrated 30 min. prior to LPS stimulation. PMN adhesion to HUVECs was

examined. *P < 0.05, **P < 0.01, n = 3 per group.

Induction of HSPs (e.g. Hsp70, Hsp27, oB-crystallin) has been
reported to play a protective role in various diseases, such as sepsis,
ischaemic heart disease, diabetes, and neurodegeneration [26-28].
We have previously demonstrated that overexpression of HSPA12B
significantly prevents sepsis-induced cardiac dysfunction and the pos-
sible mechanisms include the inhibition of LPS-induced expression of
VCAM-1/ICAM-1, and leucocyte infiltration into the myocardium [16].
In this study, we observed that overexpression of HSPA12B attenuated
LPS-induced inflammatory response in HUVEGCs, indicating that
HSPA12B could improve endothelial dysfunction in inflammatory
diseases.

In vivo and in vitro studies have shown that high-level of LPS
exposure can lead to the activation of endothelial cells, secretion of
inflammatory cytokines and endothelium injury. Endothelial cell hyp-
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erpermeability and the adhesion of circulating PMN to the vascular
endothelium are critical steps in the inflammatory response. In this
study, cell permeability was induced in LPS-treated HUVECS, how-
ever, the enhanced permeability was effectively blocked by overex-
pression of HSPA12B. In addition, one of the integral parts of
vascular inflammation is the PMN adhesion to endothelial cells, which
partly attributes to the chemotactic cytokine stimulation, such as
ICAM-1, VCAM-1, TNF-oc and COX-2 [29]. As we hypothesized, over-
expression of HSPA12B significantly inhibited PMN adhesion to LPS-
treated HUVECGs.

Numerous studies have shown that LPS increases the expression
of ICAM-1, VCAM-1 and E-selectin in both coronary endothelial cells
and cardiac myocytes [30, 31]. In addition to ICAM-1, VCAM-1 and
E-selectin, increased activity of TNF-a, IL-6 and COX-2 is positively

© 2014 The Authors.
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correlated with initiation and amplification of inflammation [32]. There-
fore, blockade of either adhesion molecules production or TNF-o/IL-6
activity will reduce leucocyte accumulation and alleviate LPS-induced
inflammatory injury. Indeed, we observed that LPS-mediated up-regu-
lation of ICAM-1, VCAM-1, E-selectin, TNF-o, IL-6 and COX-2 was
reduced by overexpression of HSPA12B, which is related to the inhibi-
tion of endothelial cell permeability and adhesion of PMN to HUVEGs.

While increased NF-kB hinding activity promotes the production
of ICAM-1, VCAM-1, E-selectin, TNF-o, COX-2 and IL-6, activation of
the PI3K/Akt pathway negatively regulates NF-xB binding activity [26,
33, 34]. We and others have demonstrated that the activation of
PI3K/Akt signalling alleviates endothelial dysfunction caused by LPS-
induced inflammation [35, 36]. Akt is an important kinase down-
stream of PI3K. To investigate whether PI3K/Akt signalling pathway is
involved in HSPA12B-induced endothelial protection, we examined
the phosphorylation levels of Akt in LPS-challenged HUVECs. We
observed that HSPA12B overexpression significantly restored the
decrease in phosphorylated Akt levels in LPS-treated HUVECs. Fur-
thermore, inhibition of PI3K/Akt by WM completely abrogated the
protective effects of HSPA12B, which suggested that HSPA12B-
evoked protection against LPS-induced inflammatory response was
mediated through a PI3K/Akt-dependent mechanism.
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