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Statement of Purpose: It is known that metallic implants 
can cause high concentrations of corrosion products in the 
peri-implant tissue (e.g. up to 0.9 mM Co-ions and up to 
2.1 mM Cr-ions) [1]. Metallic corrosion products (parti-
cles and ions) have the potential to induce the production 
of reactive oxygen species (ROS) and thus to induce oxi-
dative stress by disturbing the prooxidant/antioxidant 
balance of the cells. ROS (e.g. O2.-/superoxide radical, 
H2O2) have the potential to induce damage to all bio-
molecules (e.g. DNA, proteins). Thus, ROS has been 
implicated in several roles in the pathogenesis of chronic-
degenerative conditions [2]. 
The complex process of wound healing following im-
plantation of a biomaterial involves an acute inflamma-
tory response followed by reparative processes. Vascular 
endothelial cells (EC), which cover the inner surface of 
blood vessels, are involved in both inflammation and 
reparation. EC release pro-inflammatory factors and ex-
press cell adhesion molecules and are furthermore the 
driving cell type in the formation of blood vessels, a proc-
ess called angiogenesis. During angiogenesis EC migrate 
towards an angiogenic stimulus (e.g. soluble factors like 
vascular endothelial growth factor/VEGF) [3]. Thus, EC 
viability and function are a prerequisite for an adequate 
early tissue response to the implanted material and long-
term implant stability, so that the impairment of cellular 
and EC functions by implant-derived ROS could impair 
implant acceptance. 
This study examines the effects of different inducers of 
oxidative stress (Co2+-ions, H2O2 and oxygen deficiency) 
in EC in vitro with respect to the signalling pathways of 
oxidative stress, DNA repair, cell cycle and cell death.  
Methods: Human dermal EC (HDMEC) were isolated 
from juvenile foreskin and cultured in Endothelial Cell 
Basal Medium MV (PromoCell) supplemented with 15% 
FCS, basic fibroblast growth factor (bFGF), Na-heparin, 
1% Pen/Strep at 37°C, 5% CO2 and used in passage 4. 
Cell proliferation status was analysed by flow cytometry 
and immunocytochemical detection of Ki67 staining. 
Total RNA preparations were collected after Co2+-expo-
sure (0.1 and 0.7 mM) and oxygen deficiency (3% O2 and 
anoxia) of 1 and 40 h. The PIQORTM Skin Microarray 
(cDNA-array, ~1308 genes) was performed by Memo-
rec/Miltenyi. p53- and p21-ELISA were performed ac-
cording to the manufacturer’s instructions (R&D-Sys-
tems). 
Results / Discussion: All conditions tested (Co2+-ions, 
H2O2 and oxygen deficiency) induced a decrease in pro-
liferative activity of EC. This proliferative reduction by 
high Co2+-concentrations and anoxia was mediated by the 
p53/p21 pathway (upregulation of p53 protein amount, 
upregulation of p21 mRNA and protein). Whereas Co2+-
ions induced a significant pro-inflammatory stimulation, 
H2O2-treatment led to minor changes in the pro-inflam-

matory response (e.g. IL-8 release, E-selectin). Oxygen 
deficiency induced no effect on pro-inflammatory para-
meters tested. 
The effects on the oxidative stress response were pro-
nounced with high Co2+-concentrations (0.7 mM) in that 
e.g. the expression of SOD1 (Cu/Zn-superoxide dismu-
tase), SOD2 (Mn-superoxide dismutase), glutathione 
peroxidase (plasma GPX3) and glutathione synthetase 
was significantly increased indicating a response to oxi-
dative stress. Low Co2+-concentrations (0.1 mM) and 
oxygen deficiency induced no significant effects on the 
expression of these genes. 
It is known that high Co2+-concentrations induce apop-
tosis in EC [4]. Therefore, the activation of DNA repair 
genes (e.g. FANCA, NBS1) by Co2+ might indicate the 
induction of apoptosis by DNA damage signalling path-
ways. Oxygen deficiency showed an ambiguous response 
regarding DNA damage in that mild hypoxia induced no 
DNA-repair genes, whereas anoxia led to the activation of 
further DNA repair genes (NBS1, Rad17, Rad30B, 
Rad50). 
Conclusions:  The tested stimuli known to be involved in 
the development of oxidative stress stimulated different 
signalling pathways in human EC in vitro. Since the 
cellular processes in wound healing are also known to 
develop different ROS, it is likely that a co-occurrence of 
these different oxidative stress-stimuli will occur. This co-
occurrence can influence the in vivo situation in a cumu-
lative, possibly non-predictable way. As a consequence, 
the release of transition metal ions from implants (e.g. 
Co2+) could increase the oxidative stress situation in the 
peri-implant tissue and thus aggravate the already existing 
oxidative stress of wound healing leading to cellular dam-
age, which again can impair implant acceptance.  
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