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ABSTRACT

Background: -

this protection and vascular endothelial cells are potential targets for these secreted factors. 

ability to protect human umbilical endothelial cells (HUVEC) from hypoxia-induced cell dam-

age.

Methods:

subjected to 24 h hypoxia damage and simultaneously incubated with 5 % of the respective 

signal transducer and activator of transcription 5 (STAT5), protein kinase B (AKT) and extra-

sandwich ELISA.

Results:

-

Conclusion:
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INTRODUCTION

Transient episodes of ischemia (ischemic preconditioning), if applied before prolonged isch-

emia/reperfusion injury, are organ protective.1, 2 Ischemic preconditioning does not only act 

locally, but is also able to protect remote tissues from ischemia/reperfusion injury, a phenom-

been shown to attenuate organ injury in a number of experimental and clinical situations.2-4

5-8 However, there are several clinical trials in prog-

bypass graft (CABG) surgery an acute and probably favourable attenuation of cardiac enzyme 

myocardial protection and improves the prognosis of these patients.9-11 Similar protective ef-

fects could also be found in patients undergoing elective percutaneous coronary intervention 

(PCI)12, 13 and ST-elevation myocardial infarction (STEMI) patients undergoing primary PCI.14, 15 

described.16-18 Therefore, the results of the large clinical trials ongoing in CABG patients19, 20 will 

3 However, the exact mechanisms are complex and yet not completely 

understood.21, 22 It is suggested that the humoral mediators might be released from the remote 

tissue into the blood stream from where they are transported to the target organ, and/or that 

they are produced after stimulation via neuronal pathways in the target organ itself.21, 23 In 

24 exosomes,25 Apolipoprotein A1,26 27 

IL-10,28 matrix metalloproteinases (MMPs)29 and nitrite,30 for review also see.3

-

derlying tissue.31

in the target organ and respond to it.32 (3) Endothelial dysfunction is a major reason for severe 
32

-

a week.33 These data suggest that the improvement of endothelial function may be one pos-

the coronary circulation and cardiac remodelling that are directly related to the endothelial 
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function just recently have been recognized to be critical determinants of cardioprotective 

interventions.34, 35

for its ability to protect human vascular endothelial cells (HUVEC) from hypoxia-induced cell 

MATERIAL AND METHODS

Chemicals, solutions and culture media

The Netherlands), Sigma-Aldrich (Zwijndrecht, The Netherlands), Merck (Millipore, Amster-

Isolation of human umbilical vein endothelial cells (HUVEC)

HUVEC were freshly isolated from umbilical cords as described previously.36 (Waiver: W12-

of 5 % carbon dioxide/95 % air at 37°C in ECGM medium supplemented with endothelial cell 

growth supplement (Promocell Bio-Connect, Huizen, The Netherlands), 1 % penicillin/strep-

tomycin, 1 % amphotericin B and 10 % heat-inactivated foetal bovine serum (PAA, Germany, 

Netherlands, Breda) prior to cell seeding. Only cells from passage 3 were used in the experi-

ments. Characterization of HUVEC cells was performed by detection of von Willebrand-factor 

Collection of human plasma

The study was approved by the local ethics committee of the Academic Medical Centre (AMC), 

-

-

Prior to participation, all subjects gave their written informed consent. The following inclusion 

criteria were chosen: (1) healthy, (2) male, (3) age between 18-45 years. Exclusion criteria were 

as follows: (1) cardiovascular, kidney, pulmonary or endocrine diseases, (2) alcohol or drug 

abuse, and (3) no informed consent. We decided to only include male volunteers into the study 
37 Subject characteristics are given in table 1.
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Table 1: volunteer characteristics

Volunteer 1 2 3 4 5 6 7 8 9 10 mean SD

Age [y] 26 21 19 27 28 24 27 30 27 25 20 3.39

Height [m] 1.80 1.85 1.85 1.95 1.90 1.82 1.93 1.80 1.86 1.75 1.85 0.06

Weight [kg] 74 85 80 95 85 73 95 70 73 78 80 9.02

). The blood 

samples were collected in citrate vials (BD bioscience, Breda, The Netherlands) and centri-

fuged at 4°C, 290 g for 10 min. Plasma was aliquoted, and stored at -80°C.

H H H H

HUVEC cellsRIPC-plasma cell medium & 
cell lysates

A in-vivo B in-vitro

Hypoxia

respective plasma and subjected to 24 h of hypoxia. Employing cell culture media and cell lysates, cell dam-

To evaluate the optimal concentration of human plasma to be added to the culture medium, 

serum and growth characteristics as well as the degree of hypoxia-induced cell damage were 

evaluated. On the basis of these results, the optimal concentration of plasma was selected. A 

used.29 These evaluations suggested that the basic culture medium should be supplemented 

with 5 % plasma.

Induction of in vitro hypoxia in HUVEC by enzymatic oxygen depletion

enzymatic model.38, 39 In the present study concentrations of the hypoxia inducing enzymes 

were adapted to 4 U/ml glucose oxidase (GO), and 120 U/ml catalase (CAT) and cell culture 
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nitrogen gas until oxygen was reduced to 1 %. The box was then kept inside an incubator at 

optic oxygen meter (World Precision Instruments, USA, Sarasota) and OxyMicro Software 

v.00 04/2003.

Experimental protocol

HUVEC cells were seeded into gelatine-coated 12 well plates two days before the experiment. 

At the beginning of the experiment ECGM growth medium was exchanged and cells were 

pre-incubated for one hour with M199 medium (PAN Biotech, Aidenbach, Germany) contain-

lactate dehydrogenase (LDH)-measurements the cell culture medium of each well was col-

were harvested and frozen at -80°C ( ).

Determination of cell death

LDH activity was colorimetrically evaluated using a Lactate Dehydrogenase Activity Assay Kit 

was measured before and after 30 min of incubation (37°C) at 450 nm using an ELISA reader 

(Tecan, Crailsheim, Germany).

Western blotting

Western blotting was performed as described previously.29 Overnight incubation of the mem-

branes was conducted at 4°C with appropriate dilutions of primary antibodies directed against 

Germany, 1:1000), pAKT (Cell Signalling, Danvers, USA, 1:1000), AKT (Cell Signalling, Dan-

temperature, and were - depending on the primary antibody used - incubated for 1h with the 

secondary horseradish peroxidase coupled-antibody (anti-rabbit, DAKO, Eching, Germany, 

1:10000 or anti-goat, Santa Cruz, Heidelberg, Germany, 1:10000), with a biotin coupled-anti-

body (anti-rabbit, Abcam, Cambridge, UK, 1:10000), or with horseradish peroxidase-coupled 

streptavidin for the biotinylated secondary antibody (AbD Serotec, Puchheim, Germany, 

-
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protein bands were analysed by ImageJ v1.48 and GraphPad Prism 5.0 for Mac. In some ex-

-

calculated from the standard curve provided.

Statistical analysis

normality testing was used to check data for normal distribution. Parametric data were ana-

Variables are expressed as mean ±SEM.

RESULTS

Plasma obtained directly after RIPC reduces the hypoxia-induced cell damage in 
HUVEC cells

Mean LDH-activity in the culture media at baseline was 7.58+/-0.9 mU/ml, while the range of 

 B).
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BA

media were supplemented with 5 % plasma (T0, T1 and T2) from the various volunteers (#1 - #10) and LDH-
activities were measured after 24 h of hypoxia. Panel B
cells after 24 h of hypoxia. Cell culture media were supplemented with plasma T0, T1 or T2. Hypoxia-induced 

-

The reduction of hypoxia-induced cell damage by RIPC-plasma is associated with 
an increased protein expression of HIF1alpha and enhanced phosphorylation of 
ERK-1/2

mediated organ protection was investigated.21, 40, 41 As only plasma T1 but not T2 was able 

), all Western 

blotting experiments were performed with HUVEC cells incubated with T1 and the respective 

the phosphorylation of AKT in HUVEC cells that were incubated with plasma T1 (T1: 0.12±0.04 

 A) or STAT5 (T1: 0.53±0.1 a.u. 

 C) and 

 D) in HUVEC cells that were exposed to 24 h of hypoxia. Control studies revealed that 

-

when employing the non-protective plasma T2 (data not shown).
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A B

C D

E

to hypoxia
Panel A: Panel B: Panel C:
Panel D: Panel E: Western blotting experiments performed with lysates of HU-

Concentrations of VEGF are reduced in protective RIPC-plasma T1
42-44 

 B).
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BA

Panel A Panel B -

display the mean ±SEM.

DISCUSSION

to explain the phenomenon of remote ischemic organ protection have been established: (1) 

21, 22

24 

exosomes,25 Apolipoprotein A1,26 27 IL-10,28 or nitrite30

mediated cell and organ protection. Using an in-vitro approach, we showed that serum from 

are both able to reduce hypoxia-induced cell damage in intestinal cell cultures.29, 38 These 

healthy male volunteers, to cultured endothelial cells.

incubated with plasma-substituted medium for 24 h. It is known that ischemic precondition-
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ing45 46 and 

quickly within minutes from the initial ischemic conditioning event and lasts for 2 to 3 h. 

This is followed by a delayed phase that begins after 12 to 24 h and lasts up to 4 days. The 

synthesis of new proteins.47, 48

the above mentioned studies, clinical observations and also to our previous publication in 

intestinal cells (subjected to a hypoxic insult).29 However, in the frame of our previous study, 

-

sented here, 10 young and healthy donors were investigated. Several authors have shown 

the protective potential of ischemic conditioning.6, 49-51

cell damage could be related to the half-life of the responsible factor(s). Potential mediators 
52-54 bradykinin,53, 55 opioids56 as well 

as matrix MMPs29, 57, 58 for review see,59 all of which have a limited half-life in circulation60 and 

cell culture61

proteases.24, 58

It should also be mentioned that while other authors employed serum,29 in the study pre-

cells (mainly thrombocytes) upon coagulation. There is no evidence that these molecules 

protective potential of serum in comparison to plasma.

Taken together, although we do not have a clear explanation why plasma obtained 60 min 

the study presented, individual characteristics (age, gender, hormonal status, diet, etc.) of 

the plasma donors and the use of an in-vitro culture system (devoid of e.g. immune cells, 

humoral factors, blood circulation, etc.) may at least partially be responsible for this observa-

tion. Moreover, not all aspects of ischemia/reperfusion injury as they appear in-vivo can be 

investigate isolated events of ischemia/hypoxia and the associated cellular as well as molecu-

lar mechanisms, which is probably the biggest advantage over animal and clinical studies.

-
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controlling oxygen homeostasis62

63 Although little is 

the protein in ischemic preconditioning.62, 64, 65 However, there is also a study suggesting that 

and might only act locally.66 Employing cardiac tissue of cardiosurgical patients that received 

67 pointing towards possible organ protective ef-

68 which 

-

results in inhibition of the pro-apoptotic Bad and is thus impeding the process of apoptotic cell 

death.22, 69 In HUVEC cells, transient hypoxia can induce anti-apoptotic events and increase 
69 -

70 Interestingly, our preliminary 

-

tion, but also pAKT.70

-

phorylates and thereby inactivates the pro-apoptotic Bad leading to an inhibition of apopto-

sis.22, 41 Interestingly, in the present study we did not observe an increased phosphorylation of 

71 
38 

and humans: STAT5 but not STAT3 activation is associated with protection in humans,71 

whereas STAT3 activation and possibly STAT5 inhibition are associated with protection in ani-

mals.72

at al. have shown that the phosphorylation of STAT5 increased from baseline before ischemic 
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71 Once more, the 

target organ and/or target cell type might determine which signalling pathways are induced 

a potential candidate.42-44

42, 43 -

endothelial cell proliferation and migration and has been reported to stimulate the expression 

of metalloproteinases (MMPs) in HUVEC cells.73, 74 We have recently shown that activities of 
58 These 

In conclusion, the results of the present study support the hypothesis that humoral factors 
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