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The accumulation of advanced glycation end products (AGEs) on micro-vasculature has been demon-
strated to be a key factor in diabetes mellitus development. Evidence suggests that AGEs triggered
apoptotic changes in human umbilical vein endothelial cells (HUVECs) and protein kinase C (PKC)-
beta plays a pivotal role in AGEs-induced micro-vascular dysfunction. Thus the effect of the selective
PKC-beta inhibitor (LY333531) on AGEs-induced HUVEC apoptosis and proliferation was investigated.
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was used to determine the cells
viability after being incubated with AGEs and LY333531. Acridine orange/ethidium bromide (AO/EB) fluo-
rescence detection was applied to observe the pro-apoptosis effects of AGEs and LY333531. Bcl-2, Bax
and Bad proteins’ expression were determined by StreptAvidin-Biotin-enzyme Complex (SABC) immuno-
cytochenistry. The results showed that pretreatment with LY333531 strikingly decreased the chance of
HUVEC survival and the effect of LY333531 on apoptotic cell death in HUVEC significantly increased com-
pared with the AGEs group. Blockade of PKC-beta up-regulated the expression of Bax and Bad proteins
and down- regulated the expression of Bcl-2 protein. Moreover, LY333531 reduced the ratio of Bcl-2/Bax.
The results indicate that the selective PKC-beta inhibitor, LY333531, can further prompt AGEs-induced
endothelial cells apoptosis. The increased expression of Bax, Bad and decreased expression of Bcl-2 and
Bcl-2/Bax ratio are associated with the apoptotic process.

1. Introduction

Vascular complications are the leading cause of morbidity and
mortality in patients with diabetes mellitus, which include large
vessel obstructions and micro-vascular diseases. Endothelial
cells (ECs) are the critical guardians of vascular barrier func-
tion. ECs apoptosis is considered to play an important role in
the pathogenesis of microangiopathies, including retinopathy,
nephropathy and neuropathy (Bonetti et al. 2003). Advanced
glycation end products (AGEs), the products of non-enzymatic
glycation and oxidation of proteins, have been widely studied in
their key role in promoting vascular dysfunction and the progress
of diabetes. In addition, AGEs are pro-apoptotic for retinal
fibroblasts, capillary cells, and renal mesangial cells (Yamagishi
et al. 2002; Kowluru 2005; Zoubin et al. 2005). A study has
shown that AGEs can exert a deleterious effect on endothelial
cells through the induction of apoptosis (Zhou et al. 2006).

Abbreviations: AGEs advanced glycation end products; AO/EB
Acridine orange/ethidium bromide; BSA bovine serum albumin; DAB
diaminobenzidine; DAG diacylglycerol; DMSO dimethyl sulphoxide; ECs
endothelial cells; FBS fetal bovine serum; HUVECs human umbilical
vein endothelial cells; MAPK mitogen-activated protein kinase; MTT
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; OD optical
density; PBS phosphate-buffer solution; PI3 phosphoinositide-3; PKC pro-
tein kinase C; SABC StreptAvidin-Biotin-enzyme Complex.

Increased activation of protein kinase C (PKC) isoforms have
been demonstrated to play a pivotal role in AGEs-modulated
diabetic complications. PKC, composed of a family of serine-
threonine kinases, participated in cell signal transduction in
diabetic micro-vascular damage. The beta isoform of PKC
plays a significant role in diabetic micro-vascular complica-
tions both in vitro and in vivo (Idris and Donnelly 2006).
We and others have demonstrated that PKC-beta participates
in AGEs–induced cell oxidative stress, which contributes to
abnormalities associated with diabetic nephropathy (Scivittaro
et al. 2000; Xu et al. 2010). Furthermore, its activation also
modulates vascular endothelial permeability and neovascular-
ization via the expression of growth factors (Geraldes and King
2010). On the other hand, PKC isoforms take part in the reg-
ulation of the cell proliferation. It has been demonstrated that
activation of PKC plays a critical role in promoting endothe-
lial cell proliferation (Xia et al. 1996), while inhibition of
PKC may inhibit cell proliferation and induce cell apopto-
sis. LY333531 was recently developed as a selective PKC-beta
inhibitor, and was found to reduce retinal endothelial cell pro-
liferation.
The object of the present study was to evaluate the influence of
PKC-beta inhibitor, LY333531 (Frank 2002), on AGEs-induced
endothelial cell apoptosis. Furthermore, the potential mecha-
nism was discussed.
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Fig. 1: The viability of HUVEC was decreased after treatment with the selective
PKC inhibitor, LY333531. HUVECs were incubated with 200 �g/ml BSA,
200 �g/ml AGEs, or 200 nM LY333531 + 200 �g/ml AGEs for 48 h and the
MTT assay was done to determine the cell viability. The formazan resolved
by DMSO was calculated by Microplate spectrophotometer at 580 nm.
Results were expressed as means ± S.D. *p < 0.05, vs. BSA group. #p < 0.05,
vs. AGEs group

2. Investigations and results

2.1. LY333531 prompted AGEs-induced apoptosis
in HUVECs

The anti-proliferation activity of AGEs was assessed by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay. As can be seen in Fig. 1, the optical density (OD)
value of human umbilical vein endothelial cells (HUVECs)
decreased from 101.50 ± 4.85% to 92.15 ± 2.76% after being
treated with AGEs (200 �g/ml) (p < 0.05, vs. BSA). Further-
more, the OD value of the cells was further decreased from
92.15 ± 2.76% to 84.10 ± 6.09% on pretreatment of HUVECs
with 200 nM selective PKC-beta inhibitor, LY333531 (p < 0.05,
vs. AGEs).

2.2. Blockade of PKC-beta increased the cells apoptosis
induced by AGEs

Dysfunction of endothelium in diabetes mellitus is characterized
by changes in proliferation and sensitivity to apoptosis (Van den
Oever et al. 2010). In the present study, acridine orange/ethidium
bromide (AO/EB) fluorescence staining was used to visualize
nuclear changes and apoptotic body formation. HUVECs were
observed under a fluorescence microscope and counted to quan-
tify apoptosis. As shown in Fig. 2, AGEs incubation increased
the cell apoptosis from 5.54 ± 0.27 to 6.85 ± 0.59 (Fig. 2B,
p < 0.05, vs. BSA) as compared with the bovine serum albumin
(BSA) group. In addition, pretreatment with LY333531 induced
more red fluorescence emission in HUVECs (Fig. 2Ad), and the
cell apoptosis was increased from 6.85 ± 0.59 to 18.27 ± 1.03
(Fig. 2B, p < 0.01, vs. AGEs), indicating a higher apoptosis
rate.

2.3. Effects of LY333531 on expression of Bcl-2, Bax
and Bad in HUVECs

The Bcl-2 family proteins include Bcl-2, which is proved to
be a critical apoptosis inhibitor; Bax and Bad, which func-
tion as pro-apoptotic factors (Li et al. 1998; Susnow et al.
2009).
In order to clarify if the effect of LY333531 on AGEs-induced
endothelial cell apoptosis was modulated via Bcl-2 family
proteins, their expressions were determined by Immunocyto-
chemistry. As shown in Fig. 3 to Fig. 5, AGEs up-regulated
the Bax and Bad proteins positive staining and down-regulated
Bcl-2 protein expression as compared with the BSA group.
After LY333531 pre-incubation, we observed that the expres-
sion of Bax and Bad elevated to the level even higher than

that of AGEs group, while got lower level of Bcl-2 vs. AGEs
group.
To asses the cell proliferation in whole, the ratio of Bcl-2/Bax
was evaluated. As depicted in Fig. 6, the Bcl-2/Bax ratio was
decreased from 17.19 ± 0.62 to 2.82 ± 0.78 (p < 0.01, vs. BSA)
and was further decreased to 0.82 ± 0.33 (p < 0.05, vs. AGEs)
after pretreatment with LY333531.

3. Discussion

Diabetes mellitus is associated with severe atherosclerosis and
micro-vascular diseases that account for a high mobility and
mortality (King 1998). There is now increasing evidence of
a causal role for AGEs in the development of diabetic vascu-
lopathy, including microangiopathy as well as atherosclerosis
(Wautier et al. 1996). In the present study, we found that the
selective PKC-beta inhibitor, LY333531, decreased cell via-
bility and enhanced cell apoptosis resulting from treatment of
HUVECs with AGEs. To our knowledge, this is the first report
showing the pro-apoptotic effect induced by the PKC inhibitor
on AGEs-induced HUVECs.
Several candidate mechanisms contributing to perturbation
of micro-vascular properties in diabetes have been proposed,
including increased formation of diacylglycerol (DAG), acti-
vation of PKC and accelerated formation of AGEs (Das
Evcimen and King 2007). AGEs, the products of nonenzy-
matic glycation and oxidation of proteins and lipids, formed
at an accelerated rate in diabetes (Yamagishi 2008). There
is a report indicating that AGEs significantly improved the
p53 and Bax protein expression and afterward induced apop-
totic cell death in human mesangial cells (Yamagishi et al.
2002). In the present study we observed that in HUVECs
incubated with 200 �g/ml AGEs, a significant number of apop-
totic cells were detected by fluorescence microscopic analysis.
Furthermore, the levels of Bax and Bad, well known pro-
teins involved in apoptosis, were evaluated, while Bcl-2 was
decreased.
Through the formation of AGEs, glucose can activate and up-
regulate PKC expression (Scivittaro et al. 2000). Activation
of the PKC pathway is related with many vascular abnor-
malities in the renal, retinal, and cardiovascular tissues in
diabetic patients (Noh and King 2007). PKC activation have
been associated with extracellular matrix expansion, increas-
ing in vascular permeability, abnormal angiogenesis, excessive
apoptosis, cytokine activation and the changes in enzymatic
activity alterations such as phosphoinositide-3 (PI3) kinase
and mitogen-activated protein kinase (MAPK) (Geraldes and
King 2010). PKC activation can also contribute to tumor cell
survival and proliferation. On the other hand, the inhibition
of PKC-beta has been demonstrated to induce cell apopto-
sis. The selective PKC-beta inhibitor, enzastaurin, has a direct
effect on human tumor cells, and it significantly induces human
colon cancer cells apoptosis (Graff et al. 2005). Yoshiji et al.
(1999) reported that the PKC-beta inhibitor could elicit cell
death in hepatocellular carcinoma tissues. The PKC-beta iso-
form appears to be a prominent mediator of changes in cell
proliferation, vascular endothelial function and micro-vascular
permeability. Recently, an original compound has been devel-
oped, LY333531, a specific inhibitor of PKC-beta activated
by hyperglycemia in the retina, heart, and aorta of diabetic
rats (Gutterman 2002). Studies have shown that LY333531 can
prevent or normalize vascular dysfunction and treatment with
LY333531 for one month can normalize retinal blood flow in
patients with diabetes (Bursell and King 1999). However, as
discussed above, the inhibition of PKC-beta may inhibit cell
proliferation. Theoretically, application of a PKC-beta inhibitor
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Fig. 2: Blockade of PKC-beta with LY333531 promoted HUVECs apoptosis induced by AGEs. HUVECs were incubated with 200 �g/ml BSA (Ab), 200 �g/ml AGEs (Ac), or
200 nM LY333531 + 200 �g/ml AGEs (Ad) for 48 h and HUVECs were stained with AO/EB solution. The cell viability was evaluated according to green (normal) or
jacinth (apoptosis) color area as calculated by Image-Pro Plus picture analysis software and the difference between groups was compared (B). Results were expressed as
means ± S.D. *p < 0.05, vs. BSA group. ##p < 0.01, vs. AGEs group. Representatives were shown (magnification, 200×)

will also influence the endothelial cell proliferation in patients
with diabetes, and long-term treatment with the agent may influ-
ence the angiogenesis and vascular function. To demonstrate our
hypothesis, the present study was performed. As expected, pre-
treatment of HUVECs with LY333531, a selective PKC-beta
inhibitor, further increased AGEs-induced HUVECs apopto-
sis.
The Bcl-2 family proteins could modulate cell cycle. Dif-
ferential expression of Bcl-2 family members, which include
anti-apoptotic, Bcl-2, and pro-apoptotic, Bax and Bad proteins,
regulate apoptosis (Antonsson and Martinou 2000; Li et al.
2003). The ratio of Bcl-2/Bax can reflect enhanced endothe-
lial cell survival ability (Pecci et al. 1997). In the present study,
Immunocytochemistry was applied to determine Bcl-2 family
proteins expression. We observed that blockade of PKC-beta
down-regulated Bcl-2 while up-regulated Bax and Bad expres-

sion, and reduced the ratio of Bcl-2/Bax. Thus further supposts
our hypothesis that inhibition of PKC-beta will induce endothe-
lial cell apoptosis.
In conclusion, in the present study, we demonstrated that
inhibition of PKC-beta would further enhance AGEs-induced
endothelial cell apoptosis. The down-regulation of Bcl-2
and up-regulation of Bax & Bad may be the potential
mechanism involved in PKC-beta inhibitor-mediated cell
apoptosis.

4. Experimental

4.1. Materials

The selective PKC-beta inhibitor, LY333531, was purchased from Alexis
Biotechnologies (Nottingham,UK). Bcl-2, Bax and Bad antibodies were
from Cell Signaling Technology (Boston, USA). 3-(4,5-Dimethylthiazol-
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Fig. 3: LY333531 elevated AGEs-induced Bad expression. HUVECs were incubated with 200 �g/ml BSA (Ab), 200 �g/ml AGEs (Ac), or 200 nM LY333531 + 200 �g/ml AGEs
(Ad). Bad expression was detected by immunocytochemistry SABC method. HUVECs were counterstained with hematoxylin and Bad expression appeared brown due to
DAB colorimetric reaction. In negative control (Aa), primary antibody was replaced with PBS. The positive staining was quantitated by Image-Pro Plus software and the
difference between groups was compared (B). Primary antibody was replaced with PBS in negative control (Aa). Results were expressed as means ± S.D. **p < 0.01, vs.
BSA group. #p < 0.05, vs. AGEs group. Representatives were shown (magnification, 200×)

2-yl)-2,5-diphenyltetrazolium bromide (MTT), poly-l-lysine, ethidium
bromide (EB) and acridine orange (AO) were obtained from Sigma
(Aldrich, France). All other materials were obtained from commercial
sources.

4.2. Preparation of advanced glycation end products

The advanced glycation end products (AGEs) were prepared as pre-
viously reported (Basta et al. 2002). Generally, bovine serum albumin
(BSA) was incubated with d-glucose (50 mM/L) in PBS (pH = 7.4)
under sterile conditions at 37 ◦C for 12 weeks. Finally, AGEs were
dialyzed against PBS overnight to remove unincorporated glucose,
sterile-filtered through 0.2 �m filters (Sartorius), stored at −20 ◦C until
use.

4.3. Cell culture

Human umbilical vein endothelial cell (HUVEC) line was purchased from
ATCC (Manassas, VA, USA). Cells were cultured in low glucose DMEM
(Gibco) supplemented with 10% FBS (fetal bovine serum) containing 1%
penicillin-streptomycin, at 37 ◦C in humidified 5% CO2 in air.

4.4. Determination of cell viability by MTT assay

To evaluate the influence of PKC-beta inhibitor on cell viability of HUVEC,
a total of 1 × 104 HUVECs/well were seeded into 96-well plates in low
glucose DMEM with 10% FBS for 12 h. Afterwards, HUVECs were
starved for 12 h and incubated with BSA (200 �g/ml), AGEs (200 �g/ml)
(Cai W et al. 2006) and LY333531 (200 nM) (Koya et al. 1997; Xia
et al. 2007) +AGEs (200 �g/ml) for 48 h. Then, the medium was replaced
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Fig. 4: Pretreatment with LY333531 increased Bax expression. HUVECs were incubated with 200 �g/ml BSA (Ab), 200 �g/ml AGEs (Ac), or 200 nM LY333531 + 200 �g/ml
AGEs (Ad). Bax expression was detected by immunocytochemistry SABC method. HUVECs were counterstained with hematoxylin and Bax expression appeared brown
as a result of DAB colorimetric reaction. The positive staining was quantitated by Image-Pro Plus software and the difference between groups was compared (B). In
negative control (Aa), primary antibody was replaced with PBS. Results were expressed as means ± S.D. **p < 0.01, vs. BSA group. #p < 0.05, vs. AGEs group.
Representatives were shown (magnification, 200×)

with 0.5 mg/ml MTT and at 37 ◦C in a 95% air/5% CO2 incubator for
4 h. Finally, the medium containing MTT was aspirated and replaced
by dimethyl sulphoxide (DMSO). OD was measured with a Microplate
spectrophotometer (SPECTRAmax190, Moleculor Devices, USA) at
580 nm.

4.5. Fluorescence microscopic analysis of cell death

HUVECs were inoculated on coverlips in 24-well plates in DMEM (contain-
ing 2% FBS) and incubated with BSA (200 �g/ml), AGEs (200 �g/ml), or
LY333531 (200 nM) +AGEs (200 �g/ml) for 48 h. After that, HUVECs were
stained with AO/EB solution. The cells were observed and photographed
under fluorescence microscope (Olympus IX71 inversion microscope,
Olympus BX51 fluorescence microscope, Japan). To quantify apoptosis,
cells were evaluated by Image-Pro Plus.

4.6. Immunocytochemistry analysis

Bcl-2, Bax and Bad proteins expression in HUVECs were analyzed by
SABC immunocytochemistry method. Briefly, cells were plated onto cover

glasses. After being incubated with drugs (section 2.5) for 48 h, the cells
were washed with phosphate-buffer solution (PBS, pH 7.4), fixed with
4% paraformaldehyde for 90 min and incubated with a blocking solu-
tion containing 10% primary antibody-origin serum for 20 min at room
temperature. The cells were further incubated with Bcl-2, Bax and Bad
antibodies (1:200) at 37 ◦C for 120 min, and then incubated with con-
secutive biotin-conjugated secondary antibody and SABC for 20 min. For
colorization, coverslips were exposed to 3,3′-diaminobenzidine (DAB,
0.3 mg/ml), and counterstained with hematoxylin. The coverslips were
photographed under microscope. The brown precipitate indicated a posi-
tive reaction. The primary antibody was replaced with PBS for negative
control.

4.7. Statistical analysis

Data were expressed as means ± SD. The statistical significance was deter-
mined by one-way ANOVA with SPSS 16.0 software. A value of p < 0.05
was considered to be statistically significant.
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Fig. 5: LY333531 decreased Bcl-2 expression upon AGEs treatment in HUVECs. HUVECs were incubated with 200 �g/ml BSA (Ab), 200 �g/ml AGEs (Ac), or 200 nM
LY333531 + 200 �g/ml AGEs (Ad). Bcl-2 expression was detected by immunocytochemistry SABC method. The cells were counterstained with hematoxylin and Bcl-2
expression appeared brown due to DAB colorimetric reaction. The positive staining was quantitated by Image-Pro Plus software and the difference between groups was
compared (B). Primary antibody was replaced with PBS in negative control (Aa). Results were expressed as means ± S.D. **p < 0.01, vs. BSA group. #p < 0.05, vs. AGEs
group. Representatives were shown (magnification, 200×)
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Fig. 6: LY333531 enhanced HUVEC apoptosis activity, induced by AGEs. HUVECs
were incubated with 200 �g/ml BSA, 200 �g/ml AGEs, or 200 nM
LY333531 + 200 �g/ml AGEs for 48 h. Levels of Bcl-2 and Bax were
detected by immunocytochemistry SABC method. The ratio of Bcl-2/Bax
was to evaluate cell apoptosis activity. Results were expressed as
means ± S.D. **p < 0.01, vs. BSA group. #p < 0.05, vs. AGEs group

Acknowledgment: This work was supported by Science and Technology
Development Fund of Macau (FDCT: No.050) and Macau University of Sci-
ence and Technology Foundation and Guangdong Consun Pharmaceutical
Group.

References

Antonsson B, Martinou JC (2000) The Bcl-2 protein family. Exp. Cell Res
256: 50–57.

Basta G, Lazzerini G, Massaro M, Simoncini T, Tanganelli P, Fu C, Kislinger
T, Stern DM, Schmidt AM, De Caterina R (2002) Advanced glycation
end products activate endothelium through signal-transduction recep-
tor RAGE: a mechanism for amplification of inflammatory responses.
Circulation 105: 816–822.

Bonetti PO, Lerman LO, Lerman A (2003) Endothelial dysfunction:
a marker of atherosclerotic risk. Arterioscler Thromb Vasc Biol 23:
168–175.

Bursell SE, King GL (1999) Can protein kinase C inhibition and vitamin
E prevent the development of diabetic vascular complications? Diabetes
Res Clin Pract 45: 169–182.

886 Pharmazie 66 (2011)

http://www.ingentaconnect.com/content/external-references?article=1079-5642()23L.168[aid=6261942]
http://www.ingentaconnect.com/content/external-references?article=1079-5642()23L.168[aid=6261942]
http://www.ingentaconnect.com/content/external-references?article=0014-4827()256L.50[aid=2868803]
http://www.ingentaconnect.com/content/external-references?article=0014-4827()256L.50[aid=2868803]


ORIGINAL ARTICLES

Cai W, He JC, Zhu L, Lu C, Vlassara H (2006) Advanced glycation end
product (AGE) receptor 1 suppresses cell oxidant stress and activation
signaling via EGF receptor. Proc Natl Acad Sci U S A 103: 13801–13806.

Das Evcimen N, King GL (2007) The role of protein kinase C activation
and the vascular complications of diabetes. Pharmacol Res 55: 498–510.

Frank RN (2002) Potential new medical therapies for diabetic retinopathy:
Protein kinase C inhibitor. Am J Ophthalmol 133: 693–698.

Geraldes P, King GL (2010) Activation of protein kinase C isoforms and its
impact on diabetic complications. Circ Res 106: 1319–1331.

Graff JR, McNulty AM, Hanna KR, Konicek BW, Lynch RL, Bailey SN,
Banks C, Capen A, Goode R, Lewis JE, Sams L, Huss KL, Campbell
RM, Iversen PW, Neubauer BL, Brown TJ, Musib L, Geeganage S,
Thornton D (2005) The protein kinase C beta-selective inhibitor, Enzas-
taurin (LY317615.HCl), suppresses signaling through the AKT pathway,
induces apoptosis, and suppresses growth of human colon cancer and
glioblastoma xenografts. Cancer Res 65: 7462–7469.

Gutterman DD (2002) Vascular dysfunction in hyperglycemia: is protein
kinase C the culprit? Circ Res 90: 5–7.

Idris I, Donnelly R (2006) Protein kinase C beta inhibition: a novel therapeu-
tic strategy for diabetic microangiopathy. Diab Vasc Dis Res 3: 172–178.

King H (1998) Global burden of diabetes, 1995–2005: prevalence, numerical
estimates, and projections. Diabetes Care 21: 1414 –1431.

Kowluru RA (2005) Effect of advanced glycation end products on acceler-
ated apoptosis of retinal capillary cells under in vitro conditions. Life Sci
76: 1051–1060.

Koya D, Jirousek MR, Lin YW, Ishii H, Kuboki K, King GL (1997) Char-
acterization of protein kinase C beta isoform activation on the gene
expression of transforming growth factor-beta, extracellular matrix com-
ponents, and prostanoids in the glomeruli of diabetic rats. J Clin Invest
100: 115–126.

Li A, Dubey S, Varney ML, Dave BJ, Singh RK (2003) IL-8 directly
enhanced endothelial cell survival, proliferation, and matrix metallo-
proteinases production and regulated angiogenesis. J Immunol 170:
3369–3376.

Li F, Ambrosini G, Chu EY, Plescia J, Tognin S, Marchisio PC, Altieri DC
(1998) Control of apoptosis and mitotic spindle checkpoint by surviving.
Nature 396: 580–584.

Noh H, King GL (2007) The role of protein kinase C activation in diabetic
nephropathy. Kidney Int 106: 49–53.

Pecci A, Scholz A, Pelster D, Beato M (1997) Progestins prevent apoptosis
in a rat endometrial cell line and increase the ratio of bcl-XL to bcl-XS.
J Biol Chem 272: 1791–11798.

Scivittaro V, Ganz MB, Weiss MF (2000) AGEs induce oxidative stress
and activate protein kinase C-beta(II) in neonatal mesangial cells. Am J
Physiol Renal Physiol 278: 676–683.

Susnow N, Zeng L, Margineantu D, Hockenbery DM (2009) Bcl-2 fam-
ily proteins as regulators of oxidative stress. Semin Cancer Biol 19:
42–49.

van den Oever IA, Raterman HG, Nurmohamed MT, Simsek S (2010)
Endothelial dysfunction, inflammation, and apoptosis in diabetes mel-
litus. Mediators Inflamm 2010: 792393.

Wautier JL, Zoukourian C, Chappey O, Wautier MP, Guillausseau PJ, Cao
R, Hori O, Stern D, Schmidt AM (1996) Receptor-mediated endothelial
cell dysfunction in diabetic vasculopathy. Soluble receptor for advanced
glycation end products blocks hyperpermeability in diabetic rats. J Clin
Invest 97: 238–243.

Xia L, Wang H, Munk S, Frecker H, Goldberg HJ, Fantus IG,
Whiteside CI (2007) Reactive oxygen species, PKC-beta1, and PKC-
zeta mediate high-glucose-induced vascular endothelial growth factor
expression in mesangial cells. Am J Physiol Endocrinol Metab 293:
1280–1288.

Xia P, Aiello LP, Ishii H, Jiang ZY, Park DJ, Robinson GS, Takagi H,
Newsome WP, Jirousek MR, King GL (1996) Characterization of vas-
cular endothelial growth factor’s effect on the activation of protein
kinase C, its isoforms, and endothelial cell growth. J Clin Invest 98:
2018–2026.

Xu Y, Wang S, Feng L, Zhu Q, Xiang P, He B (2010) Blockade of PKC-
beta protects HUVEC from advanced glycation end products induced
inflammation. Int Immunopharmacol 11: 1552–1559.

Yamagishi S, Inagaki Y, Okamoto T, Amano S, Koga K, Takeuchi M,
Makita Z (2002) Advanced glycation end product-induced apoptosis
and overexpression of vascular endothelial growth factor and mono-
cyte chemoattractant protein-1 in human-cultured mesangial cells. J Biol
Chem 277: 20309–20315.

Yamagishi S (2008) Advanced glycation end products (AGEs) and
their receptor (RAGE) in health and disease. Curr Pharm Des 14:
939.

Yoshiji H, Kuriyama S, Ways DK, Yoshii J, Miyamoto Y, Kawata M,
Ikenaka Y, Tsujinoue H, Nakatani T, Shibuya M, Fukui H (1999) Protein
kinase C lies on the signaling pathway for vascular endothelial growth
factor-mediated tumor development and angiogenesis. Cancer Res 59:
4413–4418.

Zhou YJ, Wang JH, Zhang J (2006) Hepatocyte growth factor protects
human endothelial cells against advanced glycation end products-induced
apoptosis. Biochem Biophys Res Commun 344: 658–666.

Zoubin Alikhani,Mani Alikhani,Coy M. Boyd,Kiyoko Nagao,Philip C.
Trackman, Dana T. Graves (2005) Advanced glycation endproducts
enhance expression of pro-apoptotic genes and stimulate fibroblast apo-
ptosis through cytoplasmic and mitochondrial pathways. J Biol Chem
280: 12087–12095.

Pharmazie 66 (2011) 887

http://www.ingentaconnect.com/content/external-references?article=1381-6128()14L.939[aid=9728964]
http://www.ingentaconnect.com/content/external-references?article=1381-6128()14L.939[aid=9728964]
http://www.ingentaconnect.com/content/external-references?article=0021-9738()98L.2018[aid=9728967]
http://www.ingentaconnect.com/content/external-references?article=0021-9738()98L.2018[aid=9728967]
http://www.ingentaconnect.com/content/external-references?article=0021-9738()97L.238[aid=9728969]
http://www.ingentaconnect.com/content/external-references?article=0021-9738()97L.238[aid=9728969]
http://www.ingentaconnect.com/content/external-references?article=0028-0836()396L.580[aid=5633867]
http://www.ingentaconnect.com/content/external-references?article=0022-1767()170L.3369[aid=6520073]
http://www.ingentaconnect.com/content/external-references?article=0022-1767()170L.3369[aid=6520073]
http://www.ingentaconnect.com/content/external-references?article=0021-9738()100L.115[aid=7177436]
http://www.ingentaconnect.com/content/external-references?article=0021-9738()100L.115[aid=7177436]
http://www.ingentaconnect.com/content/external-references?article=0149-5992()21L.1414[aid=2227808]
http://www.ingentaconnect.com/content/external-references?article=0002-9394()133L.693[aid=9728979]

