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Abstract

Background

Chronic elevation of glucose level activates vascular inflammation and iesreadothelial
adhesiveness to monocytes, an early sign of atherogenesis. This study aimeidateehe

detailed mechanisms of high-glucose-induced endothelial inflammation, and tigiatees

the potential effects dbinkgo biloba extract (GBE), an antioxidant herbal medicine, on s
inflammation.

Materials and methods

Human aortic endothelial cells were cultured in high glucose or mannitol as osomttiol
for 4 days. The expression of cytokines and adhesion molecules and the adhesivenes
endothelial cells to monocytes were examined. The effects of pretreatn@BEafrN-
acetylcysteine, an antioxidant, were also investigated.

Results

Either high glucose or mannitol significantly increased reactive oxygeresg&©0S)
production, interleukin-6 secretion, intercellular adhesion molecule-1 (ICAMgkEssion,
as well as endothelial adhesiveness to monocytes. The high-glucose-induckdl@hdot
adhesiveness was significantly reduced either by an anti-ICAM-1 antdydalyan
interleukin-6 neutralizing antibody. Interleukin-6 (5 ng/ml) significantly insesl
endothelial ICAM-1 expression. Piceatannol, a signal transducer and activator of
transcription (STAT) 1/3 inhibitor, but not fludarabine, a STATL1 inhibitor, suppressed
glucose-induced ICAM-1 expression. Pretreatment with GBE-acetylcysteine inhibited
high-glucose-induced ROS, interleukin-6 production, STAT1/3 activation, ICAM-1
expression, and endothelial adhesiveness to monocytes.

Conclusions

Long-term presence of high glucose induced STAT3 mediated ICAM-1 dependent
endothelial adhesiveness to monocytes via the osmotic-related redox-deperdenkint6
pathways. GBE reduced high-glucose-induced endothelial inflammation mgimibiting
interleukin-6 activation. Future study is indicated to validate the antioxid#int/a
inflammatory strategy targeting on interleukin-6 for endothelial pratedtiin vivo and

uch

s of

igh-

clinical hyperglycemia.
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Introduction

In the early stages of atherogenesis, the adhesiveness of vascular amddthelonocytes
is increased, which may be mediated by endothelial expression of adhesionlesatech as
intercellular adhesion molecule 1 (ICAM-1), vascular cell adhesion molecMEAM-1),
and others as a result of endothelial dysfunction [1]. Clinical evidence ssitjuggst
hyperglycemia is an independent risk factor of diabetes-associated d#resis¢2]. In

vitro studies also suggest that high concentration of glucose (high glucose)nclude i
ICAM-1 expression [3] and increase the production of chemokines such as intefidllkin
6) through a tyrosine kinase mechanism involving the Janus kinase/signal tranaducer a
activator of transcription (JAK/STAT) pathways [4]. However, the detailedhanisms by
which high glucose could induce endothelial adhesiveness have not been fully clarified.

It was suggested that leukocyte-endothelial interaction may be augrbgritegh glucose or
hyperglycemia in a NF-kB-dependent fashion [5]. It was also reportetighaglucose

might induce ICAM-1 accumulation by a non-specific osmotic effect [6]. On tiex band,
VCAM-1 expression was shown to increase in endothelial cells by serum fror type

diabetic patients but not by high-glucose stimulation [7]. Previous studies furdneated

that the short-term presence of inflammatory cytokines rather than higisglaould induce
endothelial expression of VCAM-1 and ICAM-1 [8]. Accordingly, the mechanisms of high
glucose-induced endothelial expression of adhesion molecules could be complex. It was not
known whether and how inflammatory cytokines could alter endothelial expression of
adhesion molecules in the presence of high glucose.

Ginkgo biloba extract (GBE), an herbal medicine with antioxidant mechanisms, has been
used as a therapeutic agent for some cardiovascular and neurological di€jrddtisqugh

the exact mechanism has not been completely clarified, cumulatiteo andin vivo

evidence suggests the protective effects of GBE in ischemia/reperfusignitjiby

reducing oxidative stress [11]. Our previous studies also showed that GBE may inhibit
neointimal hyperplasia [12] and cytokine-stimulated endothelial adhesivenessdcytes

[13], at least in part by inducing heme oxygenase-1 to reduce intracelludatiogistress

[14]. However, it was not known whether and how GBE could reduce high-glucose-induced
endothelial adhesiveness.

Clinical evidence suggests that endothelial adhesion molecule expressiomiseenhahe
aorta and the internal mammary artery of diabetic patients [15]. Addigiphgperglycemia-
mediated adhesion of neutrophils to rat endothelial cells could be attenuated byiseper
dismutasen vivo [16]. These findings support the hypothesis that intracellular oxidative
stress might be critical to high-glucose-mediated, diabetes-agsbatherosclerosis. The
current study was conducted 1) to clarify whether and how redox-related mechaaigdth
contribute to high-glucose-induced endothelial adhesiveness to monocytes, and 2) to
investigate whether GBE as an herbal antioxidant could redwtteo endothelial
adhesiveness in the presence of high glucose. Our findings may help to furihethaar
complex mechanisms by which high glucose might induce endothelial inflaomaeid to
provide the rationale to the potential role of anti-inflammatory strategyafoular
protection in clinical hyperglycemia.



Materials and methods

This in vitro study was approved by the research committee of Taipei Vetezapsalc
Hospital, Taipei, Taiwan, Republic of China.

Reagents

Endothelial cell growth medium (M200) was obtained from Cascade Biologicsa@&asc
Biologics, Portland, OR). The GBE (Cerenin) was purchased from Dr. Wittlavabe (Dr.
Willmar Schwabe, Inc.).’Z'-bis(2-carboxyethyl)-5(6)- carboxyfluorescein acetoxymethyl
ester (BCECF-AM) and’'Z’- dichlorofluorescein diacetate (DCFH-DA) were obtained from
Molecular Probes (Invitrogen/Molecular Probes). Antibodies against human1CAhdi3-
actin were obtained from R&D Systems (R&D Systems) and Chem@imm{con,

Temecula), respectively. Unless otherwise specified, all chemmdlseagents were from
Sigma (Sigma).

Cell cultures and cell viability assay

HAECs (Cascade Biologics) and THP-1 from American Type Culture Golte@@ockville)
were cultured as described previously [14]. After incubation with glucose, mamni®BE,
cell viability was always found to be greater than 95% by using the tbiparexclusion
method or a 3-(4,5-dimethylthiazol-2- yl)-2,5-diphenyl tetrazolium bromideTMiEsay
(Sigma).

Monocyte-endothelial cell adhesion assay

The adherence of THP-1, a human monocytic cell line, to glucose- and mannitoledctivat
HAECs was examined under static conditions to explore the endothelial cell-leukocyt
interaction. Adhesion assays were performed as described previously [14]. M&ECS
grown to sub-confluence in 24-well plates and treated with glucose or mannBadiys,
followed by treatment with GBE or NAC for 1 day.

Western blot analysis

Western blot analyses were performed using the methods as described pretdjusly [

Enzyme-linked immunosorbent assay (ELISA)

HAECs were continuously incubated in a high-glucose medium with or without alatisi
for 4 days. The levels of secreted IL-6 in the medium were determined by ElitSfhe
human IL-6 kit (BioSource). The procedures were carried out according to thetioasud
the manufacturer.

Electrophoretic mobility shift assay (EMSA)

EMSA was performed as previously described [13]. The synthetic, double-stranded
oligonucleotides used in the gel shift assay as the STAT1 and STAT3 probes-G&E 5
CTT CAG TTT CAT ATT ACT CTA AAT CCA GGA TC-3and 3-GAT CCC TTC GGG
AAT TCC TAG ATC-3, respectively. For supershift analyses, anti-STAT1 and anti-STAT3



monoclonal antibodies (Santa Cruz) were added to the reaction mixture 60 min before the
addition of labeled oligonucleotides at 4°C.

Measurement of ROS production

ROS production in HAECs was determined by a fluorometric assay using D@F&$-a
probe to detect the presence o4 The fluorescence intensity (RFU) was measured at an
excitation wavelength of 485 nm and an emission wavelength of 530 nm by using a
fluorescent microplate reader (VICTPR2 Multilabel Readers, USA).

Statistical analysis

All data were expressed as the me&EM. Intergroup comparisons were performed by
using a Student’stest or one-way analysis of variance (ANOVA)pAalue< 0.05 was
considered statistically significant.

Results

High glucose time-dependently increases ICAM-1 anll-6 expression in
HEACs

It has not been clarified which adhesion molecules such as ICAM-1, VCAM-1 or both and
which cytokines might be involved in glucose-induced monocyte adhesion to endothelial
cells [17]. Thus, we first examined the chronic time-dependent effects of higtsgl (D-
glucose, 25 mmol/l) on the expression of some adhesion molecules including ICAM-1 and
VCAM-1 and inflammatory cytokines including IL-1, IL-6, and TNF-alpha in HsE

Western blotting analyses showed that both ICAM-1 and IL-6 expression weifecargly
increased after high glucose treatment for 4 days through 7 days and reduck4| ddigs
(Figure 1). There were no significant changes of endothelial VCAM-1, Hrd TNF-alpha
expression by high glucose treatment for up to 14 days in this in vitro experina¢at@
shown).

Figure 1 Time-dependent effects of high glucose (D-glucose, 25 mmol/l) on ICAM&

IL-6 expression in human aortic endothelial cellsWestern blotting analyses (upper panel)
showed that both ICAM-1 (left lower panel) and IL-6 expression (right lowszlpavere
significantly increased after high glucose treatment for 4 days throughs addyeduced
after 14 days. N 4 in each set of experimentp* 0.05 compared to day 0

Long-term effects of high glucose and mannitol onrelothelial cell viability,
ICAM-1 expression, and adhesiveness to monocytes

An MTT assay was conducted to investigate the cytotoxicity effect of higlge and
mannitol, as the osmotic control, in cultured HAECs. Exposupegioicose (25 mmol/l) or
mannitol (25 mmol/l) for 1, 4, and 7 days resulted in no cytotoxicity in HAECs (Figure 2A)
Western blotting analysis showed that treatment with high glucose or mammésel ti
dependently increased ICAM-1 expression in HAECs (Figure 2B). Howevesffdwt of

high glucose stimulation was reversible since the high-glucose-inducesssixyor of ICAM-

1 was being reduced 1 to 4 days after the high-glucose medium was replacetidly nor
medium (Additional file 1: Figure S3). Further, as shown in Figure 2C, longxt@wosure of



HAECs to high glucose for 4 days significantly increased endothelial adhess/to THP-1
cells, which was similar to the effects of mannitol. The results suggestraan osmotic
effect that might contribute to the induction of endothelial ICAM-1 as vgediralothelial
adhesiveness by high glucose or mannitol. To investigate the role of ICAM-dssixpr in
high-glucose-induced endothelial adhesiveness to monocytes, glucose-stinklA&Cs
were incubated with an anti-ICAM-1 antibody gidg'ml for 30 minutes prior to the adhesion
assay. As shown in Figure 2D, the adhesion of THP-1 cells to high-glucose-stimulate
HAECs was significantly suppressed by anti-ICAM-1 antibody (21.4% inhibpier().05),
but not by a nonspecific goat serum IgG antibody. Taken the above together, iteslitfups
long-term exposure to high glucose, probably via the osmotic effects, may enhance
endothelial adhesiveness to monocytes by increasing endothelial ICAM-s@&pre

Figure 2 Cell viability reduction, ICAM-1 expression, and monocyte—endothelial de
adhesion mediated by high glucose in HAECs. (AJAECs were treated with-glucose

(25 mM) or osmotic effect control mannitol (20 mM) for 4 dg¥&. HAECs were incubated
in glucose for 0, 1, 4, and 7 days. Cell lysates of ICAM-1 were determined lgravest
blotting. (C) THP-1 was labeled with BCECF-AM and adhered to HAECs in response to
normal-glucose, high-glucose, and mannitol treatment for 4 @y$lAECs in response to
high-glucose and mannitol treatment for 4 days followed by neutralizationGAi-1
antibody for 30 min (fug/ml). N=8 in each set of experimenp ¥ 0.05 compared to control
group; # < 0.05 compared to high-glucose or mannitol groups

IL-6 contributes to high glucose- or mannitol-indued endothelial
adhesiveness to monocytes

In the present study, long-term incubation with high glucose increased IL-6 production,
which may increase monocyte-endothelial interaction [18]. In this study, ithaolod
HAECs with high glucose or mannitol for 4 days similarly and significantlyess®d IL-6
protein secretion in the medium (Figure 3A). Furthermore, exposure to 1lng'r(d)
significantly increased ICAM-1 protein accumulation by 249 (.05) in cultured HAECs
(Figure 3B), which was compatible to the previous suggestion that IL-6 magteedi
monocyte adhesion to activated endothelial cells [19]. Furthermore, to inhibit tbis effe
endothelial-derived IL-6, the IL- 6 neutralizing antibody was added to higtege treated
HAECSs, which significantly reduced endothelial adhesiveness to monocytes by (®&7%
0.05) (Figure 3C), suggesting the crucial role of endothelial-derived IL-6herditgh-
glucose or mannitol-induced endothelial adhesiveness to monocytes.

Figure 3 IL-6 production contributes to glucose-induced monocyte adhesiveness t
HAECSs. (A) HAECs were responsive to high glucose and mannitol for 4 days. The
conditioned medium was isolated, and IL-6 expression was determined by EB)SA.
HAECs were incubated with 5 ng/ml of IL-6 cytokine for 24 h. The presencefdfliCin

cell lysates was determined by western blott{@).HAECs were responsive to high glucose
and mannitol for 3 days, followed by treatment with IL-6 antibody for 1 dag/i®l). N=6

in each set of experimenip ¥ 0.05 compared to control grou #0.05 compared to high-
glucose or mannitol groups

GBE inhibits ROS generation, IL-6 and ICAM-1 expresion, and the
adhesiveness to monocytes in high-glucose- or matahistimulated HAECs



It has been suggested that hyperglycemia may induce endothelial RO&igar{20].N-
acetylcysteine (NAC), an antioxidant, was shown to abolish high-glucosesthduaative
stress and adhesion molecule expression in endothelial cells [21]. In the present stud
intracellular ROS generation was significantly increased by higloggyavhich could be
inhibited by pretreatment with GBE (1@@/ml) or NAC (1 mmol/l) (Figure 4A). On the
other hand, pretreatment with GBE (1@§ml) or NAC (1 mmol/l) for 1 day significantly
inhibited the adhesion of THP-1 cells to high-glucose- or mannitol-activated BlAEGuUre
4B). Western blot and ELISA study also showed that pretreatment with GBRdga@0 or
NAC (1 mmol/l) significantly and similarly suppressed glucose-induced keliztICAM-1
expression (Figure 4C) and IL-6 secretion in the conditioned medium (Figure 4D)
respectively. Finally, GBE directly inhibited IL-6-induced ICAM-1 exsiea in HAECs
(Figure 4E). These findings indicate that GBE, probably by its antioxidpatity, may
inhibit high-glucose-activated IL-6 secretion and consequent ICAM-1-neeldegitdothelial
adhesiveness to monocytes.

Figure 4 GBE inhibits high-glucose-induced ROS generation, IL-6 and ICAM-1
expression, and monocyte adhesiveness to HAECs. (AAECs were incubated in high
glucose or mannitol for 3 days, followed by incubation with GBE @@l) or NAC (1
mmol/l), an antioxidant agent, for 1 d4B) THP-1 labeled with BCECF-AM adhered to
HAECSs in response to high-glucose or mannitol treatment for 3 days, followed hypaddit
GBE or NAC for 1 day(C) HAECs were incubated in high glucose or mannitol for 3 days,
followed by incubation in GBE and NAC for 1 d4ip) HAECs were incubated in glucose or
mannitol for 3 days, followed by incubation with GBE or NAC for 1 day. Human IL-6
secreted into the medium was measured using ELEBAECs were incubated with GBE
for 30 min, followed by treatment with IL-6 (5 ng/ml) cytokine for 24 h. The presehc
ICAM-1 was determined by western blotting=M in each set of experimenp ¥ 0.05
compared to control groupp# 0.05 compared to high-glucose or mannitol groups

STATS is involved in high-glucose- and mannitol-indced ICAM-1
accumulation in HAECs

Several transcription pathways may be involved in the activation of ICAM-1 in endbtheli
cells. Our preliminary data showed that both AP-1 andRI€ould be activated with
increased nuclear expression by high glucose or by mannitol in HAECs. HoweVer, whi
significantly reduced ICAM-1 expression, treatment with GBE did not significanodify

the activation of either AP-1 or NiB in the presence of high glucose or mannitol
(Additional file 1: Figure S1). It seems that other transcription pathwaydmayore
relevant to ICAM-1 induction in current study model.

Another principle factor of this regulatory mechanism is the transcriptaorf& TAT3,

which forms either homodimers or heterodimers with STAT1 and translocatelsanto t
nucleus [4]. In this study, treatment with piceatannol, a STAT1/3 inhibitor, but not
fludarabine, a STAT1 inhibitor, could significantly suppress glucose-inducedrprote
expression of ICAM-1 (Figure 5A). On the other hand, the combination of fludarabine but
not piceatannol with GBE significantly suppressed glucose-induced ICAM-1 sipres
(Figure 5B). The above findings suggest that STAT3 might play the crucial rolghin hi
glucose-induced ICAM-1 expression in HAECs.

Figure 5 GBE inhibits high-glucose-induced activation of STAT1 and STAT3 as Wleas
ICAM-1 accumulation in HAECs. (A) HAECs were incubated in high glucose for 3 days,



followed by incubation with GBE, fludarabine (STATL1 inhibitor2@ol/l), or piceatannol

(20 umol/l) for 1 day.(B) HAECs were incubated in high glucose for 3 days, followed by
incubation with GBE, fludarabine, piceatannol, fludarabine plus GBE, or piceatannol plus
GBE for 1 day(C and D) EMSAs for STAT1 and STAT3 were performed using nuclear
extracts from human aortic endothelial cells that were cultured in high glocosannitol

for 3 days, followed by treatment with GBE. Quantification of STAT1 and STATiBadion

in HAECs treated with high glucose combined with GBE is also shows6 k each set of
experiment. p<0.05 compared to control groupp# 0.05 compared to the high-glucose or
mannitol groups

GBE inhibits high-glucose-induced activation of STA1 and STAT3

It was suggested that redox-related transcriptional regulation may be imhvoltne

activation of STAT1/3 for the induction of ICAM-1 genes [22]. The results of EMSAs
indicated that treatment with high glucose or mannitol resulted in the bando$lifith
STAT1 and STAT3. These band shifts were specific for STAT1 and STAT3 binding because
they were undetectable when a 100-fold excess of unlabeled STAT1 and STAT3
oligonucleotide was present (data not shown). Treatment with GBRw{I00) or NAC
significantly inhibited the activation of STAT1 and STAT3 induced by high glucose or by
mannitol (Figures 5C and 5D). Treatment with the IL-6 neutralizing antiblsdy a
significantly reduced high-glucose- or mannitol-induced STAT1/3 activation (data not
shown). Accordingly, IL-6 mediated, redox-related, STAT3 transcription pathauay

critical to ICAM-1 induction in HAECs. GBE could attenuate high-glucose- or rt@nni
induced ICAM-1 expression by inhibiting STAT1/3 activation.

Discussion

This study reveals several major findings. First, treatment of HAE®shigh glucose for 4
days significantly increased endothelial ICAM-1 expression, which in turn eathanc
endothelial adhesiveness to monocytes. Second, long-term presence of high glucose
stimulated endothelial IL-6 secretion via the redox-dependent mechanism, wlyithana
induce STATS3 activation and consequent ICAM-1 expression. Third, in parallel to high
glucose, mannitol exerted the similar effects on inducing endothelial adhesivieoegh,
pretreatment with GBE inhibited high-glucose- as well as mannitol-inducedalitdar ROS
production, IL-6 secretion, STAT3 activation, ICAM-1 accumulation, and consequent
endothelial adhesiveness to monocytes. Fifth, in parallel to GBE, NAC alsedeiest
similar endothelial protection effects in the presence of high glucose ortolamaken
together, it is suggested that long-term presence of high glucose might ifflcRIE& S
mediated ICAM-1-dependent endothelial adhesiveness to monocytes, which réwuires
osmotic-related redox-dependent IL-6 activation. Furthermore, GBE, axidafit herb
medicine, could prevent high-glucose-induced endothelial inflammation maiiiyityyting
IL-6 activation.

Hyperglycemia is considered one of the major pathogenic factors foogdinessis and the
progression of atherosclerosis in diabetes mellitus [23]. However, the detaikstlraol
pathological mechanisms may be varied according to the different findingsvioymsin

vitro andin vivo studies. In the current study, endothelial ICAM-1 expression was indrease
by chronic treatment with high glucose, resulting in the upregulation of endbthel
adhesiveness to monocytes. Our findings agreed in part with the previous suggestion that



ICAM-1 may play an essential role in mediating endothelial adhesiveness toytasnj@el].
Besides, in the present study, long-term presence of high glucose in@ede#ttlial IL-6
expression at least in part via the oxidative related mechanisms, whichenagontribute to
the increase of endothelial adhesiveness to monocytes. These findings addrapgest

with that of previous studies with different study designs, in which IL-6 was showduoe
endothelial ICAM-1 expression [25] and oxidative stress could be involved in the induction
of IL-6 and ICAM-1 in HAECSs treated with intermittent high glucose [26]. Fynhat the
current study, both high glucose and mannitol could induce endothelial IL-6 expression,
which supports the previous suggestion that high glucose may increase end@Adlil |
expression by a nonspecific osmotic effect [6]. More interestingly, suattetie endothelial
ICAM-1 expression could be reversible and directly related to the presence gfuugke
since it could disappear gradually after high-glucose medium was replacednhgl

medium (please see Additional file 1: Figure S3). Most mammalian cgflerd to changes
in cellular volume with a net movement of water driven by a redistribution ofrghtira

small organic molecules [27,28]. However, it is still not known which receptor or sensor f
osmotic effect may regulate cell volume as well as cell signal tratsduic endothelial cell.
One of the possible receptors is receptor tyrosine kinase receptors (&féis)h control

and apoptosis in mammalian cells are highly regulated by RTKs. A number of réports a
implicated a role of RTKs in osmosensing and volume control as upstream regulators. Tha
osmotic stress activates p38 MAPK and JNK were described in mammalsaf208e31].
Accordingly, our study connected the complex findings of previous studies and helped to
elucidate a whole picture of detailed mechanisms for high-glucose-inducetieradot
adhesiveness that mimics eairyivo atherogenesis.

It was recently shown that Interleukin-6 (IL-6) plays a beneficial role inifdammatory
activity to against bacterial infections [32], and enhances insulin action intelgditearly
recovery [33,34]. However, it is well known that IL-6 is a multifunctional cytokine edigj
cellular responses especially in inflammation. It has been suggestectietedirelated
oxidative stress may induce vascular IL-6 expression and activate I1L-6R&8@d, gvhich in
turn activates the JAK2/STAT3 signaling cascade [35]. In the present siAy1&nd
STAT3 rather than AP-1 and NF-kB were activated by high glucose in HAECs. More
importantly, piceatannol, a STAT1/3 inhibitor, but not fludarabine, a STAT1 inhibitor,
significantly suppressed high-glucose-induced ICAM-1 expression in HAEGg st the
contribution of STAT3 pathways in ICAM-1 induction. It has been previously shownLthat |
6 may activate endothelial STAT3 and ICAM-1 expression [25]. The presentfattiugr
indicated that long-term presence of high glucose may induce endothelial diduicpon by
the osmotic-related redox-dependent mechanisms, which in turn activate eatistiAél-1
expression mainly via the STAT3 transcriptional pathways. Our findings suppoatithreate
that strict glucose control may be critical to reduce osmotic injury anededaidative stress
for endothelial protection in clinical hyperglycemia.

There have been very few, maimhyitro, evidence for the effects of GBE in the presence of
high glucose [36]. To our knowledge, this is the first study demonstrating the direct
endothelial protection effects of GBE in the presence of long-term high gluodbkes study,
pretreatment of GBE could does-dependently suppressed HG-induced ICAM-1 atmmul
in HAECs. (Additional file 1: Figure S2) It was also shown that NAC, simil@&BE, could
also reduce high-glucose-induced ROS generation, IL-6 secretion, and ICAM- ludattonm

in HAECs. Taken together, our findings suggest that GBE, as an antioxidant luéicineje
may inhibit IL-6 activation and consequent ICAM-1 expression probably by its af@ihas
well as anti-inflammatory effect. It was recently shown that GBE Inaag anti-oxidant



ability by its free radical scavenger property [37] and mitochondrial uncaueffect [38].
However, high dosage GBE (50-20@/'mL) didn’t reduce hydrogen peroxide generation by
mitochondria in rats heart [39], which may be due to the complex components of GBE and its
selective uncoupling of mitochondrial oxidative phosphorylation. Future studiescariecd

to validate the current findings in vivo hyperglycemia.

The detailed mechanisms of the anti-inflammatory effects of GBE for laagootection

might be complex and varied in different experimental as well as clinicaltoorsliWe

have recently shown the contribution of Nrf-2-mediated heme oxygenase 1 induction to the
inhibitory effects of GBE on TNe-induced VCAM-1 expression in endothelial cells [14]. In
the present study, GBE was shown to inhibit high-glucose-induced ICAM-1 expresdion a
consequent adhesiveness of HAECs. These findings are in line with our previous findings
that GBE could inhibit cytokine-stimulated endothelial adhesiveness [13], vascolathsm
muscle cell proliferation [40], and vivo neointimal hyperplasia [12] mainly by its inhibitory
effects on intracellular oxidative stress. Though the molecular mecharosidse different,
GBE may have similar anti-inflammatory effects in either TdNirduced or high-glucose-
induced endothelial adhesiveness, suggesting the potential universal role of GBE in
endothelial protection. However, given the complex and multiple effects of GBE shown i
the current and previous studies [12-14], it is possible that other redox-independent
mechanisms may be also involved in the beneficial effects of GBE on endotheliatiprote

in the presence of high glucose. It might be important since the pathologicgéstaar

much more complex im vivo hyperglycemia. Futuri vivo studies are required to clarify

this issue.

It should be indicated that GBE used in the current and our previous studies is the same
preparation with fixed portions of standard components [12-14]. Though the individual
effects of the major components of GBE, flavone glycoside and terpenlgatones
atherogenesis and vascular inflammation remain to be investigated, the dos8geuse@

in the current study is similar to or equivalent to that had been used in our piewdus

andin vivo studies [12-14]. Furthermore, it was shown in the previous study that in the
volunteers, after administration of GBE (160 mg) in free (Ginkgoselect) or phgsgdhol
complex (Ginkgoselect Phytosome) forms, the maximum plasma concentr@tjores), of

total ginkgolides A, B and bilobalide were 85.0 and 181.8 ng/mL for Ginkgoselect and
Ginkgoselect Phytosome, respectively. The C(max) values reached atri28siior the

free form and at 180—-240 minutes for the phospholipid complex form [41]. In such case, the
serum level seems similar to the concentration used in the current and previowss Asidie

that had been mentioned previously, the dose of GBE used in the current and previous studies
may not be directly translated to that in clinical situations since there beghgnificant

variety in individual drug metabolism and accumulation effects of such kind of herb ngedici
in different person [12,13]. However, the GBE and NAC used in the current study have also
been widely and safely used clinically for years. Futnrévo studies or even clinical trials
seem feasible to test the potential role and investigate the proper dose of GBlReand ot
antioxidant/anti-inflammatory agents such as NAC for vascular protezsjmecially in

patients with chronic hyperglycemia and elevated serum IL-6 levels.

Conclusions

Chronic exposure to high glucose can induce endothelial ROS production, stimBate IL-
expression, activate STAT1 and STATS3, increase ICAM-1 expression, and enhance
endothelial adhesiveness to monocytes at least in part by its osmotic &ffeatenent with



GBE, a clinically used herbal antioxidant, may inhibit high-glucose-inducé&drélease and
ICAM-1 accumulation, leading to a reduction in endothelial adhesiveness to mon@uytes
findings might help to elucidate the complex molecular mechanisms of high-gincosed
endothelial inflammation and provide the potential rationale to strict glucos®lcamd
potential antioxidant therapeutic strategy targeting on IL-6 for endotpedtitdction in the
presence of hyperglycemia. Futumevivo study is still indicated for proper dosing before the
above therapeutic strategy may be validated clinically.
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Additional_file 1 as PPT

Additional file 1: Figure S1. Pretreatment with GBE had no significant effects on high-
glucose-induced AP-1 and N&B activation in HEACSs. Figure S2. Pretreatment with GBE
does-dependently suppressed high glucose-induced ICAM-1 accumulation in HAgCs. F
S3. Endothelial ICAM-1 expression was increased by high-glucose (25 mMi)ation for

4 days, which was losing after the replacement of normal glucose medium (v}
days.
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