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Role of Oxidative Stress in Interaction
Between Endothelial Cells and Platelets
in Diabetes

Yasunor1 Hirose!, Ericut SER1zUKAY, HIROMICHI NAKADATE!,
Tapasur Ozawa!, HARUYUKI MINAMITANI!, CHIKARA OSHIOY,
and Hiromasa IsHIr?

Key words. Diabetes mellitus, Endothelial cell, Platelet, Advanced glycation
end product, Oxidative stress

Introduction

Diabetes mellitus is characteristic of chronic hyperglycemia, and causes
various angiopathies. The population of diabetic patients continues to
increase, so it is important to clarify the mechanisms of angiopathies and to
apply the results to treatment strategies.

The disorders of the circulating system in diabetes mellitus are categorized
into macroangiopathy, coronary heart disease, cerebral infarction or arte-
riosclerosis, and microangiopathy, nephropathy, retinopathy, and neuropathy.
Among major factors reported are decreased erythrocyte deformability [1],
increased leukocyte chemotaxis, abnormal platelet adherence and aggrega-
tion [2], and increased plasma viscosity. However, the mechanisms of these
dysfunctions are not clarified as yet, especially in microangiopathy.

In previous studies, we investigated thrombus formation in the mesenteric
arterioles of diabetic rats using a photochemical reaction. We confirmed that
there was a shortening of thrombus formation times in diabetic rats, but we
are unable to clarify the main contributors to thrombus formation in diabetes
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mellitus, platelets or endothelial cells (ECs). Furthermore, it has been sug-
gested in recent studies that radical oxygen levels rise in diabetic conditions
and injure the vessels, leading to some complications. Therefore, we herein
investigate the interaction of platelets and ECs under diabetic conditions and
the contribution of radical oxygen species (ROS).

Material and Methods

Human umbilical vein ECs were cultured in high D-glucose or N-epsilon-
(carboxymethyl)lysine-modified advanced glycation end-products (CML-
AGE) in culture solution to assume diabetic conditions. Endothelial cells were
kept in culture until they became confluent, We used human healthy platelets
and diabetic platelets (HbAlc > 6.5). Blood was drawn from healthy or dia-
betic donors and mixed with 3.8% sodium citrate at a ratio of 9:1 and cen-
trifuged at 100xg for 10 min to make platelet-rich plasma. Platelet-rich plasma
was diluted with self-plasma to adjust platelet concentration to 300 000/ul

After culturing ECs in various conditions, Photofrin as the photosensitizer
was added to the culture solution and incubated for 30 min. Platelet-rich
plasma was brought into contact with incubated ECs, and we irradiated the
excitation light and damaged ECs. After light irradiation, we measured the
platelet adhesion area (PAA) on ECs by NIH imaging.

To study the effect of ROS for platelet adhesion to ECs, we incubated super-
oxide dismutase (SOD), catalase, or dimethyl sulfoxide with high D-glucose
or high CML-AGE. In this case, we did not use the photochemical reaction in
order to eliminate the influence of ROS generated by photochemical reaction.
Platelet-rich plasma was brought into contact with ECs for 30min without
photochemical reaction. The method used to calculate PAA was the same as
described above.

Results

Platelet adhesion area changed according to the diabetic conditions. When
ECs were cultured with high glucose or high CML-AGE, PAA increased sig-
nificantly compared to normal culture conditions. Platelet adhesion area in
diabetic platelets was not different to that from normal platelets under any
condition.

Platelet adhesion area was reduced by ROS scavengers in high glucose or
high AGE. Radical oxygen species scavengers reduced the increase of PAA by
high glucose or high AGE, but did not restore it to the normal level. Suppres-
sion of platelet adhesion by H,0, and 'OH scavenger was stronger in high
CML-AGE than in high D-glucose.
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Discussion

Platelet adhesion area increases with diabetic ECs but not with diabetic
platelets. So it can be said that ECs under diabetic conditions contributed
much more to platelet adhesion than diabetic platelets. This suggests that easy
thrombus formation in diabetes mellitus is mainly caused by the dysfunction
of ECs.

Platelet adhesion area reduction ratios by various ROS scavengers were cal-
culated based on increased PAA in high glucose or high CML-AGE. The result
indicates that the damage of ECs by H,0, and ‘OH is heavier in high AGE than
in high glucose.

Reactive oxygen species is the major cause of injury to ECs, which leads to
platelet adhesion in high glucose and high CML-AGE. Other factors still re-
main to be considered regarding endothelial damage in diabetic conditions.

Conclusion

Enhanced thrombogenesis in diabetes mellitus is mainly caused by endothe-
lial injury due to excess ROS production induced by chronic hyperglycemia
and AGEs subsequent to it.
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ENHANCED PLATELET AGGREGABILITY IN DIABETIC PATIENT
ESTABLISHED BY LASER LIGHT SCATTERING METKOD

Yasunori HIROSE", Biichi SEKIZUKA", Chikara OSH10", Taro 1ZUMIDAY
Hiromichi NAKADATEY, Haruhiko GOKAN", Haruyuki MINAMITANI!

U Graduate School of Science and Technology Keio Universify
Y Department of Clinieal %eﬁgarg?a National Saitama Hespital
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INTRODUCTION _ :
Diabetes mellitus (DM) is characteristic of chronic hyperglycemia, and causes varicus

angiopathies. The population of diabetic mtients continues to increase, so it is important to
clear the mechanisms of angiopathies and to apply the resules for their treatments.

~In previous study, we investigated the thrombus formation in the mesenteric arterioles cof
diabetic rats using a photochemical reaction. We confirmed that there was the sherting time of
thrombus formation in diabetic rats. In this study, we focused enhancedcflatelet aggregability
in DM and investigated the relationship between platelet aggregation and several physiological
abnormalities in DM. We used laser-light scattering platelet aggregometer (PA200, KOWA Company.
Ltd., Tokyo, Japan) which is characterized by its high sensitivity to small Flatelet aggregation
[1}. In order to appreciate the output data of PA200, we used cur original method to evaluate
platelet aggrigability in early phase. = ) _ ' )

It has been said that fibrinogen is binding with activated platelet glycopretein 1lb/Ilia
(GPIIb/I11a) and its serum label increases in DM [2]. Additionally, it is said that blood
concentration of fibrinogen is higher in DY [3]. Therefore, in the Eregenﬁ study, we evaluated
Elatelet aggregability by the method described above and compared the inhibitory effects of the

PiIb/I11a antagonist on diabetic and healthy platelets. Furthermor, we evaluated the platelet
aggregability that fibrinogen was added to platelet sample to investigate the relationship
between increased fibrinogen and platelet aggregability in DM.

MATERIAL AND METHOD . _ o

The study(froup included six patients in lowgrade DM (8.5%<HbA, <9%), six in high-grade OM
(HbA,, >3%), and seven healthy ones. Blood samples were collected inte tubes containing 3.3% sodium
citrate (9:1 v/v). Platelet rich plasma (PRP) was prepared by centrifugation at 150g for 10
min at room temperature. Platelet poor plasma (P?P? was(frepared by centrifugation at 1500g
EOP315f%%? %t room temperature, PRP was diluted by PPP and platelet concentration was adjusted

0 X1/l .

To investigate the role of GPIIb/111a on enhanced platelet aggregability inBM, GPIIb/I!la
antagonist (FR144633, Fujisawa Pharmaceutical Co., Tokyo, Japan) was 1qcubatqd'for 30 min at
37°C to PRP (0.01, 0.1, 1.0 uM, final concentration), Similarly, to investigate about the
relationship of fibrinogen on enﬁanceq platelet aggrigabiliy, human derived fibrinogen (Sigma
Aldrich Japan K.K., Tokyo, Japan) was incubated for 30 min at 37°C to PRP (100, 200 mg/dl, final
concentration). Dissolution of fibrinogen was confirmed by thrombin time method.

To measure platelet aggregability, firstPRP 255 ul was put into cylindrical glass cuvette
with a 5 mm diameter and PRP was stirred in 1000 rpm. He-Ne laser (675 nm, Toshiba, Tokyo, Japan)
was pass through PRP. The light scattered from the observation volume (140X 140%20 um) was
detected by a photaletector. Data were recorded as a twedimensional graph showing the change
over time of total light intensity expressed as a cumulative summation at 10esond-intervals
of scattered light intensity (1i) and the number of particles corresponding to that imbsity
(Ni) in terms of particle size (intensity) £1iNi)(voltXxcount per s). The total light intensities
of small, medium and large ag%regates were determined. Detected scattered light intensity is
divided into the classes, small agﬁregateg (925 pm}, nedium aggregates (25-50 um) and large
aggregates (50-70 um), by the levels of light intensity. .

Adenosine diphosphate (ADP, Sigma Aldrich Japan K.K., Tokyo, Japan) was added to PRP to induce
platelet aggregation in 1 min after from starting measurement. The Tinal concentration of ADP
was 0.5 uM, which can induce slight platelet aggregation. To quantify platelet aggregability,
integrated the value of the light intensity scattered from small-sized aggregates (9-25 um,
detalls are described abgve) for 2 min from the time of ADP induction. The reasons we adopt this
method are to evaluate platelet aggregation in physiologic agonist concentration and thatthe
enhanced platelet aggregation in early phase is characteristic in DM.

RESULT

LS correlated with HbAle (r'=0.37) and it means chronic hyperglycemia induced by DMresult
to enhanced platelet aggregability. We comparedthe inhibiting effect of platelet aggregation
by GP1Ib/111a antibody (Fig. 1). Both in DM patient and healthy, GPIIb/IIla antibody inhibited
platelet aggregation wholly. Blood fibrinogen concentrationhad high correlation with HbA, (data
not shown). Fibrinogen assumes a role asthe adhesion molecule between platelet and platelet
when platelets-aggregate, so it was expected that theremight be the high correlation between
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platelet aggregation and fibrinogen. But the correlation coefficient was low (r=0,34). Fig. 2
shows measurement result of platelet aggregability when fibrinogen was added to PRP. There were
no significant difference among control group and fibrinegen-added groups.

DISCUSSION

We can present enhanced platelet aggregation in DMby our own method to evaluate a result
measured by laser light scattering method. There are quite a lot of reports about enhanced platelet
aggneg@blllty in DM, In DM, activaticn of arachidonic acid cascade in pléelets is accelerated,
and it is believed to induce enhancedplatelet aggregation, Inplatelet, activation of arachidonic
acid cascade leads to greater formation of thromboxane 4 (TXA,), TXA, is a powerful agonist of
platelet aggregation and, therefore, ould contribute to'tﬂe hypersensitivity of diabetic
Elatelet.Itwassuggestedthat;heaggregatlgnlnthlsmeasunngs stemismediated by the binding
etween GPIIb/IIla and fibrinogen, Combine with the result described above, platelet
aggre%@bility was increased in diabetes, it is suggested that fibrinogen binding increased in
diabetic platelet, This result is congistent with Helen’ s report, which investigates fibrinogen
binding by '**I-labeled fibrinogen {4]. . o

in this stu@g, there were the correlation between HbA,, and fibrinogen (r’=0.30). The
correlation coefficient between fibrinogen and platelet aggregability was not high butnot
negligible. The results shown as Fig, 2, enhanced platelet aggregation were not observed when
fibrinogen was added in platelet sample. Therefore it was suggested that increase of fibrinogen
in DM doesn’ t affect platelet aggregation, There are few studies argued about relationship
between blood concentration of fibrinogen and platelet aggregation, but we could suggestthe
Increased fibrinogen does not directly influence platelel aggregability, . )

But the increase of fibrinogen considered enhancing cletting reaction. In diahetic
retinopathy or neuropathy, fibrinogen and thrombimantithrombin II1 complex increased
significantly, and following abnormality of coagulation system is the contributing factor of
these complexes. oo

CONCLUSION

We could measure precisely the enhanced platelet aggregability in DM by our own methodusing
laser light scattering system., The increase of GPIIh/I{Ta amounts or activities might contribute
to the enhanced platelet aggregability in DM. Furthermore, from the result which platelet
aggregation did not increase when fibrinogen was added to platelet samples, increase of fibrinogen
in DM is not affect platelet aggregability,
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The effect of shear stress on the accelerated adhesion of diabetic p]ate1été
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Introdugtion

Diabetes mellitus has chronic hyperglycemia, and causes various vessel complications such
as macroangiopathy and microangiopathy. Macroangiopathy includes major cardiovascular events
and atherosclerosis, while microangiopathy is the characteristic affection of diabetes me!litus
and contains retinopathy, neuropathy and nephropathy. In diabetes mellitus the high
thrombogenesis is reported and thrombus formation is deeply concerned in these diabstic
comBllcations. But the mechanism of microangiopathy has not been demonstrated clearly.

ased on these backgrounds, we have been studying the mechanism in diabetic microangiopathy.
First we suggested that high thrombogenesis was accelerated in diabetic microcirculation in rat
mesentery. Moreover we focused on the interaction between platelets and vascular endothelial
cells that played an important role of thrombus formation and carried out an in-vitro experiment.
Additicnally under no flow conditions we investi%ated the interaction between platelets and human
umbilical vein endothelial cells (HUVECs) cultured in diabetic- condition (high-glucese or
high-AGE) in the model of photodynamic therapy {PDT)} by using photepfrin. The endothelial cells
contributed to the thrombus formation more strongly than piatelets in diabetes mellitus. Under
no flow without PDT, platelet adhesion to HUVECS increased much more in the diabetic conditions
ghan.in c?ggg?l one. Inaddition, we investigated the endothelial disorders by Reactive Oxidative

pecies .

But deeper appreciation of diabetic thrombogenesis requires the experimental condition like

intravascular condition, which can make shear stress by flow.

Methods

We used flow chamber to investigated shear-induced platelet adhesion and aggregation cn
endothelial cells (Fig. 1). At first the blood of diabetic patient was flown over collsgen-ccated
glass at high or low shear rate for 10 minutes. The blood’ s platelets are stained by quinacrine
and observed under fluorescence nicroscope. Platelet adhiesion was estimated from the images taken
by high-speed video camera. Moreover, we flew normal bicod over HUVECS incubated in high glucese
medium at high or low shear rate for 10 minutes and after washed, took the transfer images by
the 1ight microscope. Platelet adhesion was estimated by the images.

Results :

Flown over collagen-coated glass, their platelets adhered more than normal platelets and the
aghesion was more prominent at high shear rate than low shear rate (Fig. 2), Addltlonall%,
platelets adhered more to HUVECS incubated in high glucese medium than to normal HUVECs and the
achesion was more remarkable at high shear rate than low shear rate (Fig. 3). At present, the
engagements of adhesion factors on platelet, endothelial cell, and in plasma, are additionally
under consideration.

Conclusion
We recognized that platetet adhered to HUVECs under high shear stress in contral condition,

and in high glucose conditicn platelet adhesion to HUVECs increased according to high shear
stress,
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Blood Flow Dynamics and Intravascular Oxygen Tension
of Tumor Microvessels in Photodynaml herapy

Noriko Shlbuya Yumiko Iwata', Akira Ushxyama Haruyuki M1nam1tan1 , Chiyoji Ohkubo?
'Graduate School of Science and Technology, Keio University, ?National Institute of Public I—Iealth

Formation of new blood vessels (angiogenesis) plays an important role in development,
physiological repair processes, and various diseases such as the growth of solid tumors.

Photodynamic therapy (PDT) is accomplished by laser light excitation of -photosensitizer
accumulated in malignant tissues. This effect is thought to be not only direct tumor cell death, but
also vascular stasis in tumor, PDT targeted to neovasculature may cause tumor regression through
the deprivation of nutrient and oxygen in tumor tissues due to hemostasis. In recent studies, it is
speculated that tumor necrosis depends on vascular shut down, rather than on direct tumor cell death.
However, there are few reports on vascular shut down in tumor vessels and the mechanism which
produce vascular shut down remains largely unknown. Furthermore, tumor blood flow is often
shuggish and static, and even changes the direction over time. Resulting hypoxia and acidosis
become hallmarks of tumors and critical determines of response to treatments. We developed in- vwo
microscopy technigue to sxmultaneously measure pO; and blood flow dynamics. :

The experiments were performed in male BALB/C mice (6 to 8 weeks old, 25 to 30g). A dorsal
skinfold chamber was implanted, and small peace of mouse mammary tumor was implanted
(Fig.1).This study was designed to examine influence of photochemical reaction on blood flow
dynamlcs of microcirculation using intravital microscopy with high speed video camera system and
image analysis. For measurements of vessel diameter and red blood cell velocity, FITC-dx was
injected into the tail vain for contrast enhancement between red blood cells and plasma, Red blood
cells flow in the tissue microcirculation was recorded by using & high-speed video camera. The
average values of the vessel diameter and wall shear rate in tumor vessels were found to be Jower
than those of the tumor free mice (Fig.2).Vascular shut down time in tumor vessels were shorter than
that of the tumor free mice (Fig.3).
~ Oxygen tension pO; in arterioles, veins and tumor vessels were determined by oxygen -dependent
quenching of phosphorescence techmque pO; was measured by phosphorescence quenchmg
dependent on excitation of Pd-TCPP in the microvessel with the second harmonic of Nd:YAG pulse
laser (532nm) and calculated from the Stern-Volmer equation (Fig.4). show. the difference of pO; in
the microvessels. (Fig.5) shows profiles of pO; in mouse micro vessels and their surrounding
interstitial spaces

The results indicate that in tumor vessels, vascular stasis is highly occurred by because of
reduction of the vessel diameter and wall shear rate. Further more, tumor vessels have tortuous shape,
and irregular intravascular surface that may provide the different oxygen profile. The technique in
this study has allowed us to show the relationship between pO; and angiogenesis.
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Color imaging of platelets and leukocytes
labeled with different fluorescent material in brain pial vessels of C57BL/6 mouse
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Introduction

Cranial window method can directly visualize the motion of blood cells in the brain pial vessels. And
this method can be applied to small animals such as C57BL/6 mouse. But the problem was that
platelets can be distinguished from leukocytes only from their size, because both of them are stained
with same color (red), when using popular fluorescent agent, Rhodamine 6G. Color imaging of
platelets and lekocytes labeled with different fluorescent materials is now tried through intravital
microscope and 3CCD camera systems in the reperfusion injury model of the brain.

Materials and Methods

1) MCA occlusion and reperfusion model of C57BL/6 mice :

C57BL/6 mice weighing 20-25g (67 weeks after birth) were anesthetized by intraperitoneal
injection of alpha-chloralose (60mg/kg) and urethane (600mg/kg). Mice were tracheotomized and
polyethylene tubes (PE-10) were cannulated into femoral artery and vein. Rectal temperature was
maintained at 37°C by heating lamp, and blood pressure was monitored continuoualy. 60 nylon
thread was inserted into left internal carotid artery from external carotid arterial stump until its top
reached approximately 9:10mm distal from the bifurcation of the common carotid .artery. Middle
cerebral artery (MCA) was occluded by this maneuver and the achievement of MCA occlusion
(MCAO) was ensured by reduced cerebral blood flow (CBF) on the left parietal cortex of MCA
territory measured by transcranial Laser Doppler flow meter (below 10% compared to the opposite
side). After 1 hour occlusion, MCA was re-canalized by pulling out the nylon thread (MCAO/R).

2) Ex vivo preparation and staining of platelets

Other C57BL/6 mice were anesthetized in the same fashion as above. Whole blood was
collected from left common carotid artery. Platelets were extracted by centrifugation and stained ex
vivo with carboxyfluorescein diacetate succinimidyl ester (CFDASE). Finally platelets were
suspended in PBS and the concentration of platelets was counted {u 1').

3) Color imaging of platelets and leukocytes

MCAO/R mice were fixed in sphinx position by the stereotaxic head frame. A small cranial
window {approximately 3mm in diameter) was made on the left parietal bone (1mm posterior and
4mm lateral to the bregma). Dura mater was not incised.

After 4 hour reperfusion, 0.06% Rhodamine 6G was infused continuously. Platelets, prepared
ex vivo and stained with CFDASE, were also injected simultaneously for few minutes. Total amount
of injected platelets was 100X 108 /body. Using water immersion lens and double band filter, color
image of the platelets and leukocytes rolling in the brain pial vessels was recorded through
intravital microscope bearing 3CCD camera system.

Regults

Leukocytes (stained into red with Rhodamine 6G) and platelets (stained into green with
CFDASE) could be visualized as a dual-color image and easily distinguished from each other. They
were rolling and sometimes adhered to each other.

Conclusions

Because the dura mater of mice is very thin, color CCD camera system can capture weak
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