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Abstract. It has been previously reported that HSP27 is 
released from platelets in type 2 diabetes mellitus (DM) 
patients according to phosphorylation. In the present study, 
we investigated the effect of ristocetin, a glycoprotein (GP)
Ib/IX/V activator, on the release of HSP27 and the effect of 
anti‑platelet agents, such as acetylsalicylic acid (ASA), on this 
release. Forty-six patients with type 2 DM were recruited, 
and classified into two groups depending on administration 
of anti‑platelet agents, resulting in 31 patients without these 
agents (control group) and 15 patients with them (anti‑platelet 
group). Ristocetin potently induced the aggregation of 
platelets in the two groups. Ristocetin‑induced changes of 
the area under the curve of light transmittance and the ratio 
of the size of platelet aggregates in the anti‑platelet group 
were slightly different from those in the control group. On 
the other hand, the levels of phosphorylated‑HSP27 induced 
by ristocetin in the platelets from a patient of the anti‑platelet 
group taking ASA were significantly lower than those from 
a patient of the control group. The levels of HSP27 release 
from the ristocetin‑stimulated platelets were significantly 
correlated with the levels of phosphorylated‑HSP27 in 
the platelets from patients in the two groups. The levels 
of HSP27 release and those of platelet‑derived growth 
factor‑AB (PDGF‑AB) secretion stimulated by ristocetin in 
the anti‑platelet group were lower than those in the control 

group. In addition, the levels of HSP27 release and those of 
PDGF‑AB secretion stimulated by ADP in the anti‑platelet 
group were lower than those in the control group. These 
results strongly suggest that anti‑platelet agents inhibit the 
HSP27 release from platelets stimulated by ristocetin but not 
the aggregation in type 2 DM patients.

Introduction

Atherothrombosis is contributed to the sudden onset of arte-
rial occlusion induced by platelet activation and aggregation, 
which initiates cerebrovascular and cardiovascular diseases 
causing high risk for mortality and disability  (1,2). Once 
the platelets in blood flow are tethered by the injury sites of 
vessel, the formation of glycoprotein (GP)Ib/IX/V and von 
Willebrand factor complex followed by GPIIb/IIIa activation 
induces platelet aggregation (1,2). By contrast, the secretion of 
autocrine/paracrine mediators such as ADP, and the release 
of thromboxane A2 (TXA2) from platelets are triggered by 
activation, which accerelates thrombus formation  (1). In 
addition, the secretion of platelet granule contents such as 
platelet‑derived growth factor‑AB (PDGF‑AB) is elicited by 
activation, which modifies vascular endothelial/smooth muscle 
cell function resulting in the development of atheroscle-
rosis (1). In a variety of pathophysiological conditions, shear 
stress is recognized to induce platelet activation (3), which 
depends on the interaction of GPIb/IX/V and von Willebrand 
factor (3,4). Ristocetin is a potent inducer of the interaction 
as an activator of GPIb/IX/V (5). Ristocetin‑inducible GPIb 
activation reportedly elicits the generation of TXA2 via the 
activation of phospholipase A2 in human platelets  (4). We 
previously indicated that ristocetin stimulates the release of 
soluble CD40 (sCD40) ligand from human platelets mediated 
through TXA2 production (6).

Type 2 diabetes mellitus (DM) is a worldwide concern of 
public health due to the elevating incidence of cardiovascular 
diseases (7). In addition to the progression of atherosclerotic 
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change, the spontaneous platelet aggregation develops from 
early stage of the disease, resulting in the increased risk of 
cardiovascular complications (8). Regarding the functional 
changes of platelets in type 2 DM patients, we previously 
showed that irreversible platelet microaggregation is inducible 
by a low‑dose (1 µM) of ADP, and that the notable sensitivity 
of platelets is mediated through not P2Y1 but P2Y12 recep-
tors (9). We have also demonstrated that the upregulation of 
platelet aggregation is closely correlated with the activation 
of p44/p42 mitogen‑activated protein (MAP) kinase and 
p38 MAP kinase stimulated by collagen in the platelets 
from type 2 DM patients (10). Thus, the adequate regulation 
of platelet dysfunctions underlying the pathogenesis may be 
a useful strategy for the improvement of prognosis of DM 
patients. Anti‑platelet agents, such as acetylsalicylic acid 
(ASA), are widely accepted therapeutic tools for the preven-
tion of ischemic cardiovascular diseases in DM patients (11), 
whereas non‑responders known as ‘aspirin resistance’, reduce 
the effectiveness of ASA (12).

On the other hand, it is recognized that heat shock 
proteins (HSPs) induced by various environmental stresses 
such as heat and chemicals, intracellularly act as molecular 
chaperones protecting the unfolded proteins against aggre-
gation  (13). Among HSPs, low‑molecular weight HSPs 
(HSPB) such as HSP27 (HSPB1) and αB‑crystallin (HSPB5), 
characterized by the homological sequences of amino acid, 
termed ‘α‑crystallin domain’, possess a variety of pleiotropic 
functions including an anti‑apoptotic effect (14,15), and play 
roles as stabilizer of actin and microtubules of cytoskeleton 
and molecular chaperones (13,16). Regarding the functional 
modulation of HSPBs, it is known that post‑translational 
modification, such as phosphorylation, changes their func-
tions (13). In human HSP27, the serine residues Ser‑15, Ser‑78 
and Ser‑82, are recognized as potential sites of phosphory-
ation (13,17). HSP27 at rest exists as an unphosphorylated 
aggregated form, which is rapidly dissociated into dimer or 
monomer due to phosphorylation, considered as a hinge of 
its substrate binding and presenting its characteristic func-
tions  (13,18). It is well known that the members of MAP 
kinase superfamily such as p38 MAP kinase are involved 
in the phosphorylation of HSP27 in the process of human 
platelet activation (13,19). We previously reported that Rac, 
a low‑molecular weight GTP‑binding protein, regulates 
HSP27 phosphorylation stimulated by collagen via p44/p42 
MAP kinase in human platelets (20). Furthermore, we have 
recently shown that phosphorylated‑HSP27 stimulated by 
collagen or thrombin receptor‑activating protein (TRAP) in 
the platelets of type 2 DM patients is released together with 
the secretion of PDGF‑AB (21,22). Accumulating evidence 
indicates that HSP27, not only intracellularly, but also extra-
cellularly plays a role in and modulates inflammation (23). 
However, the clinical relevance of HSP27 phosphorylation 
and the release in human platelets especially in the diabetic 
conditions is not precisely understood.

In the present study, we investigated the effect of ristocetin 
on the release of HSP27 in platelets in type 2 DM patients, 
and the effect of anti‑platelet agents on this relase. Our present 
findings strongly suggest that anti‑platelet agents inhibit the 
HSP27 release from platelets stimulated by ristocetin but not 
the aggregation in type 2 DM patients.

Materials and methods

Materials. Ristocetin and ADP were purchased from 
Sigma‑Aldrich (Merck KGaA, Darmstadt, Germany). 
Phospho‑specific HSP27 (Ser‑78) rabbit anti-human polyclonal 
antibodies (cat. no. SPA-523) were purchased from Stressgen 
Biotechnologies (Victoria, BC, Canada). GAPDH rabbit 
polyclonal antibodies (cat. no. SC-25778) were purchased 
from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). The 
PDGF‑AB enzyme‑linked immunosorbent assay (ELISA) kit 
was purchased from R&D Systems, Inc. (Minneapolis, MN, 
USA). The phosphorylated‑HSP27 ELISA kit was purchased 
from Enzo Life Sciences, Inc. (Farmingdale, NY, USA). Other 
materials and chemicals were obtained from commercial 
sources. Ristocetin was dissolved in dimethyl sulfoxide. The 
maximum concentration of dimethyl sulfoxide was 0.1%, 
which did not affect platelet aggregation, western blot analysis 
or ELISA.

Subjects. The inclusion criteria for the study were the presence 
of type 2 DM according to the criteria of the World Health 
Organization. We excluded the patients who were complicated 
with a malignancy, infectious diseases, including hepatitis B 
and hepatitis C, or autoimmune disorders. All the participants 
were advised to avoid sleep deprivation or blood donation. 
The study was approved by the committee of the conduct 
of human research at the National Center for Geriatrics and 
Gerontology (Obu, Japan) and at Gifu University Graduate 
School of Medicine (Gifu, Japan). Written informed consent 
was obtained from all the patients.

Blood sampling. Blood (10  ml) was drawn from the vein 
between 8:00 a.m. and 9:00 a.m. after at least 15 min of bed 
rest to preserve steady state conditions. Sodium citrate (14 µM) 
was added to the blood immediately as an anticoagulant, and 
platelet‑rich plasma (PRP) was obtained by centrifugation at 
155 x g for 12 min at room temperature. Platelet‑poor plasma 
(PPP) was prepared from the residual blood by centrifugation 
at 1,400 x g for 5 min.

Platelet aggregation. Platelet aggregation was measured 
using an aggregometer (PA‑200 apparatus; Kowa Co. Ltd., 
Tokyo, Japan) with a laser‑scattering system, as previously 
described (9,10). The system can determine the size of platelet 
aggregates based on particle counting (small size, 9‑25 µm; 
medium size, 25‑50 µm; large size, 50‑70 µm). Briefly, PRP 
was preincubated at 37˚C for 1 min with a stirring speed of 
800 rpm, and then stimulated by 1.5 mg/ml of ristocetin, 1 µM 
of ADP or vehicle. The percentage of transmittance of isolated 
platelets was recorded as 0%, and that of corresponding PPP 
(blank) was recorded as 100%. Platelet aggregation was then 
terminated by adding ice‑cold EDTA (10 mM). The condi-
tioned mixture was collected and centrifuged at 10,000 x g 
at 4˚C for 2 min. The supernatant was immediately stored 
at ‑80˚C until the determination of PDGF‑AB and phos-
phorylated‑HSP27 levels. The pellet was washed twice with 
PBS, and then lysed immediately by boiling in a lysis buffer 
containing 62.5 mM Tris‑HCl, pH 6.8, 2% sodium dodecyl 
sulfate (SDS), 50 mM dithiothreitol and 10% glycerol for a 
western blot analysis.
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Western blot analysis. A western blot analysis was performed 
as previously described (24). Briefly, SDS‑polyacrylamide 
gel electrophoresis (PAGE) was performed by the method 
described by Laemmli (25) in a 12.5% polyacrylamide gel. 
The proteins fractioned in the gels were transferred onto poly-
vinylidene fluoride (PVDF) membranes, and the membranes 
were blocked with 5% fat‑free dry milk in phosphate‑buffered 
saline (PBS) with 0.1% Tween‑20 (PBS‑T; 10 mM Na2HPO4, 
1.8 mM KH2PO4, pH 7.4, 137 mM NaCl, 0.1% Tween‑20) for 
2 h before incubation with the indicated primary antibodies. 
Peroxidase‑labeled antibodies raised in goat against rabbit 
IgG (KPL, Gaithersburg, MD, USA, cat. no. 5220-0336) were 
used as the secondary antibodies. The primary and secondary 
antibodies were diluted to 1:10,000 with 5% fat‑free dry milk 
in PBS‑T. The peroxidase activity on the PVDF membrane 
was visualized with X‑ray film by means of an ECL Western 
blotting detection system (GE Healthcare, Buckinghamshire, 
UK) according to the manufacturer's protocol. The bands 
were analyzed by densitometry using the ImageJ software 
program (National Institutes of Health, Bethesda, MD, USA). 
The quantitative data of each sample were obtained as the 
counts of pixels.

ELISA for PDGF‑AB and phosphorylated‑HSP27. The levels 
of PDGF‑AB and phosphorylated‑HSP27 in the supernatant 
of the conditioned mixture after platelet aggregation were 
determined by corresponding ELISA kits, according to their 
manufacturer's protocol.

Statistical analysis. The data except representatives were 
expressed as the mean ± standard deviation. The statistical 
significance of the correlation between two variables, linear 
regression analysis was adopted. The comparison of means 
between the two groups were performed by one-way ANOVA.  
Statistical analyses were performed with SPSS version 19.0 
(IBM Japan Ltd., Tokyo, Japan) as a software. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Characterization of the subjects for western blot analysis and 
ELISA. The clinical and biochemical characteristics of the 
recruited patients with type 2 DM (n=46) are shown in Table I. 
Of the 46 patients, 15 patients administered anti‑platelet agents 
such as ASA (n=12), ticlopidine (n=1) or clopidgrel (n=3), were 
classified as the anti‑platelet group (one patient was adminis-
tered both ASA and clopidgrel). The HbA1c levels of the control 
and anti‑platelet groups, which were significantly higher than 
the upper limit of normal range (5.9%), were 8.4±1.4% and 
8.7±1.2%, respectively. No significant difference was found 
between the two groups (P<0.05). The anthropometric indexes 
were within the normal limits in Japanese patients. Significant 
changes of metabolic variables were not observed.

Comparison of the ristocetin‑induced platelet aggregation 
between the control and anti‑platelet groups of type 2 DM 
patients. A representative pattern of ristocetin‑induced platelet 
aggregation in the study groups analyzed by an aggregometer 
with a laser scattering system are shown in Fig. 1. Ristocetin 
(1.5 mg/ml) potently induced platelet aggregation in the two 

study groups, and it seems that there was no difference between 
the effect observed in the anti‑platelet group and that in the 
control group. Thus, we compared the changes induced by resto-
cetin of the area under the curve (AUC) of light transmittance 
and the ratio of aggregated particle sizes of platelets between 
the two groups. The ristocetin‑induced change of AUC of light 
transmittance in the anti‑platelet group was not significantly 
different from that in the control group (Fig. 2). Ristocetin 
significantly induced the changes of the aggregated particle 
size ratio, namely, the ratio of large aggregates (50‑70 µm) and 
medium aggregates (25‑50 µm) was increased, but that of small 
aggregates (9‑25 µm) was decreased (Table II). There was little 
difference between the two groups in the change induced by 
ristocetin of the aggregated particle size ratio (Table II).

Comparison of the ristocetin‑induced HSP27 phosphorylation 
between the control and anti‑platelet groups of type 2 DM 
patients. The phosphorylation of HSP27 in human is detected 
at three serine residues (Ser‑15, Ser‑78 and Ser‑82) (13,17). In 
previous studies (21,22), we demonstrated that the levels of 
HSP27 phosphorylation at Ser‑78 are significantly correlated 
with the levels of released phosphorylated‑HSP27 in human 
platelets stimulated by collagen or TRAP. Thus, we examined the 
effect of ristocetin on the phosphorylation of HSP27 (Ser‑78) in 
the platelet in the study groups, and compared the phosphoryla-
tion levels. Ristocetin (1.5 mg/ml) elicited the phosphorylation 
of HSP27 (Ser‑78) in the two groups, but the levels observed in 
a patient of the anti‑platelet group taking ASA were remark-
ably weaker than those in a patient of the control group (Fig. 3). 
Similar results were obtained from patients taking other types 

Table I. Characteristics of the study subjects.

	 Group
	 ---------------------------------------------------------------------
Parameters	 Control	 Anti-platelet

Total number	 31	 15
Sex (F/M)	 12/19	 9/6
Age (years)	 70.9±6.9	 74.3±5.6
DM duration (years)	 14.0±8.5	 14.1±5.7
Height (cm)	 159.1±9.0	 153.7±10.3
Weight (kg)	   62.9±12.6	  54.1±9.8a

BMI	 24.7±3.6	 22.7±2.4
sBP (mmHg)	 120.3±20.6	 117.4±15.1
dBP (mmHg)	   68.1±10.2	   63.8±12.5
HbA1c (%)	   8.4±1.4	   8.7±1.2
Glu (mg/dl)	 169.9±60.3	 159.0±48.4
TC (mg/dl)	 185.2±34.3	 181.6±46.7
TG (mg/dl)	 128.1±57.6	   140.6±109.8
HDL (mg/dl)	   49.1±14.0	   48.1±10.6
Plt (x104/µl)	 21.3±5.3	 20.0±4.2

F, female; M, male; DM, diabetes mellitus; BMI, body mass index; 
sBP, systolic blood pressure; dBP, diastolic blood pressure; HbA1c, 
hemoglobin A1c; Glu, plasma glucose; TC, total cholesterol; TG, tri-
glyceride; HDL, high-density lipoprotein; Plt, platelet counts. The data 
are presented as the mean ± standard deviation. aP<0.05 vs. control.



TOKUDA et al:  HSP27 RELEASE FROM PLATELETS INDUCED BY RISTOCETIN368

of anti‑platelet agents such as ticlopidine and clopidgrel (data 
not shown). It is probable that the administration of anti‑platelet 
agents suppresses the ristocetin‑induced phosphorylation of 
HSP27 in the platelets of type 2 DM patients.

Association between the release of phosphorylated‑HSP27 
and the levels of HSP27 phosphorylation (Ser‑78) induced 
by ristocetin in the platelets from the two groups‑combined 
type 2 DM patients. Since we found that ristocetin stimulated 
the release of phosphorylated‑HSP27 from platelets, we next 
investigated the relationship between the levels of released 
phosphorylated‑HSP27 and the levels of HSP27 (Ser‑78) phos-
phorylation induced by ristocetin (1.5 mg/ml) in the platelets 
from two groups‑combined type 2 DM patients (n=34; 25 from 
control group and 9 from anti‑platelet group). The levels were 
significantly correlated with the levels of HSP27 (Ser‑78) 
phosphorylation in the platelets (R2=0.284, P=0.001; Fig. 4). It 
is likely that the ristocetin‑induced phosphorylation of HSP27 
results in the release of phosphorylated‑HSP27 from the plate-
lets of type 2 DM patients.

Comparison of the release of phosphorylated‑HSP27 
between the control and anti‑platelet groups of type  2 
DM patients. We compared the released levels of phos-
phorylated‑HSP27 induced by ristocetin or ADP between 
the control and anti‑platelet groups of type 2 DM patients. 
The levels of the phosphorylated‑HSP27 release induced by 
1.5 mg/ml of ristocetin in the anti‑platelet group were signifi-
cantly lower than those in the control group (Fig. 5A). The 
levels of phosphorylated‑HSP27 release induced by 1 µM of 
ADP in the anti‑platelet group, as well as ristocetin, were 
significantly lower than those in the control group (Fig. 5B).

Comparison of the secretion of PDGF‑AB between the 
control group and the anti‑platelet group of type  2 DM 
patients. We recently reported that the release of phosphory-
lated HSP27 induced by collagen or TRAP is accompanied 
with the secretion of PDGF‑AB from the platelets of type 2 

Figure 1. Representative patterns of platelet aggregation induced by 1.5 mg/ml of ristocetin as detected by an aggregometer with laser‑scattering system in 
platelets from type 2 DM patients. PRP from a patient of type 2 DM in the anti‑platelet group taking aspirin and PRP from a patient of control group was 
stimulated by 1.5 mg/ml of ristocetin or vehicle in an aggregometer at 37˚C for 4 min with a stirring speed of 800 rpm. Time‑dependent changes in the platelet 
aggregation after the stimulation are shown. The black line indicates the percentage of transmittance of each sample (the isolated platelets were recorded 
as 0%, and platelet‑free plasma was recorded as 100%). The blue line indicates small aggregates (9‑25 µm); green line, medium aggregates (25‑50 µm); red line, 
large aggregates (50‑70 µm). The ratio is presented for each value. The upper panel indicates the results of platelet aggregation, and the lower panel indicates 
each ratio detected at the end of stimulation. PRP, platelet‑rich plasma; DM, diabetes mellitus.

Figure 2. Comparison of the ristocetin‑induced platelet aggregation between 
the anti‑platelet and control groups of type 2 DM patients. PRP from patients 
of type 2 DM in the anti‑platelet group (n=15) and PRP from patients of the 
control group (n=31) were stimulated by 1.5 mg/ml of ristocetin or vehicle in 
an aggregometer at 37˚C for 4 min with a stirring speed of 800 rpm. The value 
of AUC of transmittance in the two groups are presented as mean ± standard 
deviation. *P<0.05, compared to the value without ristocetin. N.S. designates 
statistically not significant between the pair. PRP, platelet‑rich plasma; 
DM, diabetes mellitus; AUC, area‑under curve.
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DM subjects  (21,22). We also compared the secretion of 
PDGF‑AB induced by ristocetin or ADP between the 
control and anti‑platelet groups of type 2 DM patients. The 
levels of the PDGF‑AB secretion induced by 1.5 mg/ml of 
ristocetin in the anti‑platelet group were significantly lower 
than those in the control group (Fig. 6A). In addition, the 
levels of PDGF‑AB secretion induced by 1 µM of ADP in the 
anti‑platelet group were significantly lower than those in the 
control group (Fig. 6B).

Discussion

In the present study, we investigated the effect of ristocetin 
on the release of HSP27 from platelets of type 2 DM patients, 
and the effect of anti‑platelet agents on the release. At first, 
we compared the platelet aggregation induced by ristocetin 
between the control and anti‑platelet groups of type 2 DM, 

and found that there were few differences in the AUC of 
light transmittance or the ratio of aggregated particle sizes 
of platelets between the two groups. These findings indicate 
that anti‑platelet agents hardly affect the ristocetin‑induced 
platelet aggregation in the study subjects. Ristocetin has been 
established as a potent inducer of the interaction between 
GPIb/IX/V and von Willebrand factor (5), which is a model 
of shear stress‑activated platelets in vitro (3,4). Therefore, the 
present findings strongly suggest that anti‑platelet agents have 
no effect on the shear stress‑induced platelets aggregation in 
type 2 DM subjects.

We have recently reported that collagen or TRAP induces 
HSP27 phosphorylation in platelets of type 2 DM patients, and 
that the phosphorylated HSP27 is released from the platelets, 
accompanying the secretion of PDGF‑AB (21,22). Thus, we 
next examined whether ristocetin induced the phosphorylation 
and the release of HSP27, and found that the phosphorylation 

Table II. Comparison of ristocetin effect on the ratio of aggregated particle size between the control and anti-platelet groups in 
type 2 DM patients.

	 Ratio of aggregated particle size
	 --------------------------------------------------------------------------------------------------------------------------------------------------
Group	 Ristocetin	 Large (%)	 Medium (%)	 Small (%)

Control	‑	   5.4±6.3	  2.8±2.9	 91.5±9.0
	 +	 45.5±4.6a	 14.7±1.1a	  39.8±3.9a

Anti-platelet 	‑	   3.7±3.7	  4.2±5.6	 91.9±8.4
	 +	 46.6±3.5a	 15.3±2.1a	  37.9±3.3a

PRP from patients of type 2 DM in the anti-platelet group (n=15) and PRP from patients of the control group (n=31) were stimulated by 1.5 mg/ml 
of ristocetin or vehicle in an aggregometer at 37˚C for 4 min with a stirring speed of 800 rpm. The results obtained from the aggregometer for 
the ratio of large aggregates, medium aggregates and small aggregates are summarized. Each value are presented as mean ± standard deviation. 
aP<0.05 compared to the value without ristocetin. PRP, platelet‑rich plasma; DM, diabetes mellitus.

Figure 3. Representative data showing the ristocetin‑induced HSP27 phosphorylation in platelets from a patient of the anti‑platelet group and that of the control 
group of type 2 DM, which are identical to the subjects in Fig. 1. PRP was stimulated by 1.5 mg/ml of ristocetin or vehicle for 4 min, and then the reaction 
was terminated by the addition of an ice‑cold EDTA (10 mM) solution. The extracts of platelets were subjected to a western blot analysis using antibodies 
against phospho‑specific HSP27 (Ser‑78) and GAPDH. The bands were quantified using the ImageJ software program as the counts of pixels. The bands of 
phospho‑HSP27 were normalized to the GAPDH bands, and the levels of vehicle were subtracted from the ristocetin‑stimulated levels, presented as the net 
increase. Upper panel indicates the results of a western blot analysis, and lower panel indicate the net increase. PRP, platelet‑rich plasma; DM, diabetes mellitus.
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of HSP27 was truly induced by ristocetin, and that the released 
levels of phosphorylated HSP27 was significantly correlated 
with the phosphorylated levels of HSP27 stimulated by 
ristocetin in the study subjects. Thus, it seems likely that the 
ristocetin‑stimulated release of phosphorylated HSP27 results 
from the phosphorylation of HSP27. This is probably the first 
report showing that the ristocetin‑induced phosphorylation 
of HSP27, resulting in the release of phosphorylated HSP27 
from human platelets, as far as we know. Of note, the levels 
of phosphorylated HSP27 release stimulated by ristocetin 
in the anti‑platelet group were markedly lower than those in 
the control group, whereas little difference between the two 
groups was observed in the ristocetin‑stimulated aggregation. 
Therefore, it is probable that anti‑platelet agents may success-
fully reduce the phosphorylation and release of HSP27 induced 
by ristocetin without affecting the aggregation in platelets of 
type 2 DM patients. In addition, we investigated the secretion 
of PDGF‑AB induced by ristocetin between the control and 
anti‑platelet groups. As well as the release of phosphorylated 
HSP27, we found that the secretion of PDGF‑AB stimulated 
by ristocetin in the anti‑platelet group was significantly lower 
than that in the control group. Therefore, it is likely that risto-
cetin‑induced PDGF‑AB secretion from platelets, in addition 
to the release of phosphorylated HSP27, could be suppressed 
by anti‑platelet agents in type 2 DM subjects.

It has been reported that GPIb/IX/V activation promotes 
the generation of TXA2, leading to ADP secretion in rodent 
platelets  (26). We previously demonstrated that ristocetin 
elicits TXA2 synthesis through cyclooxygenase‑1, resulting in 

the release of soluble CD40 ligand via the activation of MAP 
kinases including p38 MAP kinase and p44/p42 MAP kinase 
through the binding of TXA2 to TP in human platelets (6). We 
have also reported that ADP induces HSP27 phosphorylation 
through p38 MAP kinase and p44/p42 MAP kinase in human 
platelets (27). Based on these findings, we compared the effect 
of ADP on the release of HSP27 between the study groups, 
and found that the levels of HSP27 release in the anti‑platelet 
group were significantly lower than those in the control group. 
It seems likely that ADP in fact induces the phosphorylation 
of HSP27 and its subsequent release from platelets of type 2 
DM patients, which is suppressible by anti‑platelet agents. 
Therefore, these results suggest that the ristocetin‑induced 
phosphorylation and the release of HSP27 reducible by 
anti‑platelet agents are dependent on the downstream events 
of GPIb/XI/V activation such as TXA2‑involved release of 

Figure 4. Association between individual levels of HSP27 phosphorylation 
(Ser‑78) in the platelets and the release of phosphorylated HSP27 levels 
induced by ristocetin in type 2 DM patients. The extracts of the stimu-
lated‑platelets derived from the patients of anti‑platelet group (n=9) and those 
of control group (n=25) were subjected to a western blot analysis using anti-
bodies against phospho‑specific HSP27 (Ser‑78) and GAPDH, and the bands 
were quantified using ImageJ software program as the counts of pixels. The 
baseline levels in unstimulated samples were subtracted from each of the indi-
vidual HSP27 phosphorylation levels (phosphorylated‑HSP27/GAPDH). The 
levels of phosphorylated HSP27 in the conditioned mixture were determined 
using an ELISA. These data were plotted individually and analyzed by linear 
regression analysis. Closed circles and open circles indicate the data of anti-
platelet group and those of control group, respectively. DM, diabetes mellitus.

Figure 5. Comparison of the release of phosphoryrated HSP27 between the 
anti‑platelet and control groups of type 2 DM patients. PRP from patients 
of type 2 DM in the anti‑platelet group (n=9) and PRP from patients of the 
control group (n=25) were stimulated by 1.5 mg/ml of (A) ristocetin, 1 µM of 
(B) ADP or vehicle for 4 min, and the levels of phosphorylated HSP27 in the 
conditioned mixture were determined using ELISA. The value of the levels 
of phosphorylated‑HSP27 are expressed as mean ± standard deviation. 
**P<0.01 or***P<0.001, compared to the value of control. PRP, platelet‑rich 
plasma; DM, diabetes mellitus.
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ADP in the platelets of type 2 DM patients. Additionally, we 
confirmed that the levels of PDGF‑AB secretion induced by 
ADP in the anti‑platelet group were lower than those in the 
control group Taking our findings into account as a whole, it 
is most likely that the ristocetin‑induced phosphorylation and 
release of HSP27 accompanying the secretion of PDGF‑AB, 
are mediated through the downstream events of GPIb/IX/V 
activation including ADP release, which could be suppressed 
by anti‑platelet agents in type 2 DM patients.

In addition to intracellular functions of HSP27 such as 
molecular chaperone, HSP27 released into extracellular space 
could affect the functions of adjacent cells (13,23). It has been 
reported that HSP27 released from macrophages protectively 
acts against the development of atherosclerosis  (28). In 
vascular endothelial cells, extracellular HSP27 has been 
shown to increase transcription of VEGF promoting 

angiogenesis  (29). It has also been reported that HSP27 
diversely upregulates pro‑inflammatory factors including 
interleukin (IL)‑1β in addition to anti‑inflammatory factors 
including IL‑10 in macrophages  (30). Recently, global 
myocardial ischemia reportedly causes HSP27 release, which 
could elicit pro‑inflammatory effect through toll‑like receptors 
in vascular endothelial cells of coronary arteries (31). It is 
well recognized that platelets in blood flow are tethered at the 
injured sites of vessel through the formation of GPIb/IX/V 
and von Willebrand factor complex, initiating adhesion, 
first step of the platelet activation (1,2). Ristocetin is known 
to mimic the interaction of GPIb/IX/V and von Willbrand 
factor (5). We have recently reported that collagen and TRAP 
stimulate the phosphorylation of HSP27 and the release 
from the platelets of type 2 DM patients, which is associated 
with PDGF‑AB secretion (21,22). It is well established that 
PDGF‑AB is involved in the pathological development of 
atherosclerosis  (1). Taking account of these findings, it is 
likely that the pathways of platelet activation cooperatively 
upregulates the phosphorylation of HSP27 leading to the release 
accompanying PDGF‑AB secretion, which may be involved 
in the pathogenesis of atherosclerosis, and inflammation. 
Therefore, the regulation of HSP27 phosphorylation in human 
platelets suggests a novel therapeutic possibility for the 
diseases caused by atherosclerosis, major concerns in type 2 
DM patients. Further investigations are required to elucidate 
the details underlying the release of phosphorylated‑HSP27 
from human platelets.

In conclusion, our present findings strongly suggest that 
anti‑platelet agents inhibit the HSP27 release from platelets 
stimulated by ristocetin but not the aggregation in type 2 DM 
patients.
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