
Abstract. The functionality of large-vessel endothelial cells,
such as human umbilical vein endothelial cells (HUVEC),
may differ significantly from that in the microvasculature.
We established a method for the isolation of human colonic
microvascular endothelial cells (HCMEC). Since colonic
diseases are often accompanied by hypoxia we examined its
effects on HCMEC of five individuals in comparison with
HUVEC, with respect to the secretion of the soluble form of
the two important vascular endothelial growth factor (VEGF)
receptors, VEGFR-1 and 2. After dissociation by dispase/
collagenase of mucosal and submucosal tissue obtained from
normal adult colon, HCMEC were isolated using CD31-coated
magnetic beads and cultivated as monolayers. Subsequent
characterization studies demonstrated the endothelial
phenotype, including VEGFR-1 and 2 mRNA and protein
expression. sVEGFR expression analyses were performed
using ELISA. Under hypoxic conditions significantly
enhanced levels of sVEGFR-1 on HUVEC were observed
(p<0.001), while in HCMEC there was a markedly variable
reaction to hypoxia, with cases of enhanced, unchanged and
reduced expression. sVEGFR-2 was significantly decreased
in HCMEC under hypoxia (p<0.001). In contrast, the responses
of sVEGFR-2 levels to hypoxia in HUVEC were variable,
that is, either unchanged or up-regulated. The different
secretion profiles of sVEGFR-1 and 2 between HUVEC and
HCMEC under normoxia and hypoxia underline the
importance of using a functionally adequate and relevant
microvasculature for in vitro studies of colonic diseases. The

homogeneously reduced sVEGFR-2 levels in hypoxic
HCMEC provide evidence for a novel microvascular
endothelium-specific biomarker in hypoxia-response
processes.

Introduction

The endothelium, the monocellular lining of the blood vessel
lumen strategically placed between the circulating blood and
tissue, functions as a sensitive receptor-effector organ in an
autocrine and paracrine manner in response to (patho)
physiological stimuli (1,2). Although endothelial cells present
many common morphological features, they represent a
structurally and functionally heterogeneous population of
cells in different organs (3). Additionally, the endothelium of
the macrovasculature, comprising the large arteries and veins,
and that of the microvasculature (within small vessels),
exhibit significant heterogeneity. Thus, microvascular but not
macrovascular endothelium is involved in angiogenetic
processes or in blood-tissue exchange of oxygen and nutrients.
The diversity and complexity of endothelial cells necessitate
the use of adequate vascular phenotypes for studying organ-
specific endothelium-tissue interactions in physiological and
pathophysiological processes. Most of the data concerning
endothelial cell function derive from the study of human
umbilical vein endothelial cells (HUVEC), which are not just
readily available, but also unproblematic with respect to their
isolation and cultivation. However, these cells might not be
an ideal model for studying specific endothelial functions,
since they are cultured from aging, macrovascular vessels of
embryonic origin.

The specificity of any tissue-associated microvasculature
is determined by the environment, in which the endothelium
is embedded and the functions it has to perform. The intestinal
tract possesses a richly vascularized mucosa with a highly
specialized microvasculature in relation to permanently
varying pO2 values (4). This is attributed mainly to the special
situation in the colon, where the mucosa is juxtaposed with
the anaerobic lumen and as such is exposed to a uniquely
physiological oxygen gradient. Additionally, the intestine is
subject to large daily fluctuations of perfusion from the
relatively low levels of blood volume during fasting to
drastically increased perfusion after ingestion. Finally,
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barrier and absorptive functions of the gut between the
luminal-vascular compartments can be regulated by oxygen.
As a direct consequence, under physiological conditions the
intestinal microvascular endothelium must be charactetized
by resilience and robustness to altered levels of oxygenation.

In pathological intestinal disorders including infections,
ischaemia, sepsis and inflammatory bowel disease, low
oxygen tension or hypoxia often occurs (5-7). The initiating
inflammation of all these pathological situations can be best
described as a vascular response, where endothelial cells
become activated, display increased permeability, enhanced
immunoinflammatory cell adhesion and migration as well as
angiogenesis (8). A major inducer of these processes is the
vascular endothelial growth factor (VEGF), which mediates
its biological effects by two related receptor tyrosine kinases,
VEGFR-1 and VEGFR-2. VEGFR-2 is the major mediator of
endothelial mitogenesis and survival as well as angiogenesis
and microvascular permeability (9). VEGFR-1 functions as a
negative regulator of VEGFR-2 signalling by sequestering
VEGF. VEGFR1 is also required for the recruitment of
haematopoietic precursors and migration of monocytes and
macrophages. For both VEGF receptors a naturally occurring
soluble form is known, sVEGFR-1 and 2 (10,11). sVEGFR1
is a negative counterpart of the VEGF signalling pathway by
sequestering VEGF and by binding and inactivating
membrane-bound VEGFR-1 and 2. In contrast to sVEGFR-1,
little is known about sVEGFR-2. Whether sVEGFR-2 can
play a significant role in VEGF signalling, as has been
described for sVEGFR-1, remains to be established.

The above considerations raise the question of whether
the biological characteristics of HUVEC, including the
response to hypoxia, differ significantly from highly
specialized microvascular endothelial cells derived from the
gut. In order to study the pathomechanisms of gut injury, we
established a relatively simple and reproducible method for
isolation of human colonic microvascular endothelial cells
(HCMEC). Since intestinal diseases are often accompanied
by hypoxic conditions we examined the effects of reduced
oxygen tension on HCMEC in comparison with HUVEC,
using the production of the soluble form of both receptors of
VEGF, VEGFR-1 and 2, as parameters. We identified
sVEGFR-2 as a novel sensitive factor, specific for micro-
vascular endothelium in hypoxia-response processes.

Materials and methods

Isolation and culture of HCMEC. Human colonic micro-
vascular endothelial cells were obtained from macroscopically
normal portions of colon specimens surgically resected from
patients who underwent colectomies for colon cancer. The
present study was approved by the ethics committee of the
University of Mainz and informed consent, as defined by the
Helsinki Declaration, was obtained from each patient.
Mucosa and submucosa from macroscopically normal
colonic tissue were separated from the underlying musculature
and cut into small fragments with scissors. After the removal
of blood cells using PBS-BSA 0.1%, the tissue was treated
with dispase (0.4% at 4˚C for 18 h; Sigma, Taufkirchen,
Germany). After filtration the tissue was digested with
collagenase type II (0.2%, at 37˚C for 40 min; Serva,

Heidelberg, Germany) in a volume of 10 ml, followed by a
further filtration step. The cell clumps were then repeatedly
resuspended in PBS-BSA and filtered through a 100 μm cell
strainer. The cell suspension was then centrifuged for 5 min at
1500 Upm and the cell pellet was resuspended in culture
medium composed of MCDB131 with 15% fetal calf serum
(FCS; Gibco, BRL, UK), Glutamax 1% (Gibco), Fungizone
1% (Gibco) and Ciprobay 1% (Bayer, Leverkusen, Germany)
and seeded in gelatin-coated (0.2%) tissue culture flasks. This
mixed cell culture was cultivated at 37˚C in a gas mixture of
5% CO2 in air for 4 h, followed by washing with PBS to
remove all non-adherent cells. Fresh medium (Endothelial
Growth Medium + Supplement Mix; Promocell, Heidelberg,
Germany) was added and cells were cultivated as described
above until subconfluence. The monolayer was subcultured
1:3 by trypsinization. Positive selection of HCMECs was
achieved using magnetic beads (1 μm diameter) coated with
a mouse monoclonal antibody against CD31 (Dynal, Oslo,
Norway) in passage one and two. In the third passage culture
medium was changed to MCDB131 with 15% FCS, 1%
glutamax, 1% penicillin/streptomycin, 2 ng/ml bFGF (Sigma),
50 μg/ml Heparin (Sigma), and 50 μg ECGS (Sigma).

Isolation and culture of HUVEC. HUVEC were isolated from
human umbilical cords and cultured as previously described
(12). For all experiments HUVEC in passage 2 were used.

Characterization of HCMEC. For immunfluorescence
staining HCMECs were seeded on fibronectin-coated glass
chamber slides (LabTec, Nunc, Wiesbaden, Germany) and
grown to subconfluence. Cells were fixed with buffered 3.7%
paraformaldehyde (15 min, room temperature) and permea-
bilized with 0.1% Triton X-100 (5 min, room temperature).
Monoclonal mouse anti-human E-Selectin (Serva), monoclonal
mouse anti-human CD31 (Dako, Hamburg, Germany),
polyclonal rabbit anti-human Faktor VIII (Dako) monoclonal
mouse anti-human sm-actin (Progen, Heidelberg, Germany)
and monoclonal mouse anti-human cytokeratin (Dako) were
used as primary antibodies. Alexa Fluor 488 goat anti-mouse
and Alexa 546 goat anti-rabbit (Eugene, OR, USA) were
used as secondary antibodies. Nuclear staining was performed
with Hoechst 33342 (Sigma). Fluorescence labeled cells
were covered with GelMount (Biomeda Corp/Natutec,
Frankfurt, Germany).

For the cytokine and LPS stimulation experiments of
E-selectin in HCMEC, endothelial cells were stimulated with
50 ng/ml LPS (Sigma), 20 ng/ml TNF-· (Sigma) and 0.5 ng/ml
IL-1ß (Strathmann Biotech, Hamburg, Germany) for 6 h.

Immunofluorescence. HCMECs and HUVECs were seeded
onto fibronectin-coated glass chamber-slides (LabTek). After
growing to subconfluence cells were exposed to the specific
cell culture conditions, namely normoxia (21% O2) and
hypoxia (3% O2). After exposure time, cells were fixed with
buffered 3.7% paraformaldehyde (15 min, room temperature)
and permeabilized with 0.1% Triton X-100 (5 min, room
temperature). Rabbit polyclonal anti-human FLT-1 (Santa
Cruz, Heidelberg, Germany) and monoclonal anti-human
KDR (Chemicon, Düsseldorf, Germany) were used as
primary antibodies. Alexa Fluor 488 goat anti-mouse and
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Alexa 546 goat anti-rabbit were used as secondary antibodies.
Nuclear staining was performed with Hoechst 33342
(Sigma). Fluorescence labeled cells were covered with
GelMount.

Semiquantitative Reverse Transcription-PCR. RNA isolation
was performed using the RNeasy Kit (Qiagen, Hilden,
Germany) in accordance with the manufacturer's protocols.
ß-actin and VEGFR-1 and 2 transcripts were analyzed using
RT-PCR. RT was performed with the use of the Omniscript
RT Kit (Qiagen) in accordance with the manufacturer's
manual. As a template for the specific PCR reactions 2 μl of
the cDNAs-pool synthesized was used. To amplify the ß-
actin specific fragment, 574 base pair (bp), the primers 5'-
GAC CTG ACT GAC TAC CTC ATG A-3' (forward) and
5'-AGC ATT TGC GGT GGA CGA TGG AG-3' (reverse)
were used. Amplification of the human VEGFR-1 specific
fragment, 441 bp, was performed using the primers 5'-GCA
CCT TGG TTG TGG CTG A-3' (forward) and 5'-GGT TTC
GCA GGA GGT ATG GTG-3' (reverse). Amplification of
the human VEGFR-2 specific fragment, 473 bp, was
performed using the primers 5'-TAT GTC TAT GTT CAA
GAT TAC-3' (forward) and 5'-AAG TTT CTT ATG CTG
ATG CTT-3' (reverse). Amplification reactions were
performed with the use of the Gene Amplification PCR System
2400 (Perkin Elmer, Norwalk, CT, USA) thermocycler. The

PCR products were separated on agarose gels (2%),
supplemented with ethidium bromide and analyzed by
viewing under UV.

ELISA analysis. Levels of sVEGFR-1 and sVEGFR-2 were
measured in cell lysates of HCMEC and HUVEC of 5
individuals cultivated under normoxic (21% O2) and hypoxic
(3% O2) conditions over 24 h. For the quantitative determin-
ation of human sVEGFR1 and 2 concentrations in cell lysates,
commercially available sandwich ELISA assays (R&D
systems, Wiesbaden, Germany) were used according to the
manufacturer's instructions. Cell lysates were prepared using
a lysis buffer provided with the kit. The optic density of the
color reaction was determined using a microplate ELISA
reader set to 450 nm.

Statistical analysis. Statistical analyses were performed using
the Wilcoxon signed rank test. Significance was set at
p<0.05.

Results

Isolation and characterization of HCMEC. The colon is a
highly vascularized organ, with a rich microvascular bed in
the mucosa and submucosa. Fig. 1, A1 and A2 demonstrate
the microvessels from normal human colon used to generate
the HCMEC isolates. The isolation of HCMEC was carried
out after various digestion and centrifugation steps and
incubation with CD31-coated magnetic beads. The isolated
endothelial cells were cultured in gelatine-coated flasks and
grown to confluence within 6-8 days. The monolayer primarily
consisted of closely associated cells with a fusiform shape as
well as a rosette-like arrangement (Fig. 1B). The cultured
cells were assayed for an endothelial-specific phenotype in
the third passage of cultivation. In this passage enough cells
were available for further experiments. To define the
endothelial origin of HCMEC, expression analyses were
performed using immunofluorescence staining. Detection of
von Willebrand factor, which is stored in rod-shaped
endothelial cell-specific storage organelles, the Weibel-
Palade bodies (13), showed the characteristic cytoplasmic,
granular staining pattern (Fig. 2A). Detection of CD31, an
integral membrane protein mediating cell-to-cell adhesions
(14), demonstrated specific surface expression (Fig. 2A). In
contrast, HCMEC did not recognize antibodies to whole-CK
and sm-actin, a result which excludes the possibility of
contamination with epithelial cells and subendothelial
smooth muscle cells (data not shown). Culture impurity with
fibroblasts can also be excluded because of the rapid
overgrowth of this cell type in any mixed culture. In a
following step of characterization, we investigated the regulated
E-selectin expression on HCMEC. E-selectin is a member of
the selectin family of endothelial cell adhesion molecules
(15). Expression of E-selectin is tissue- and stimulus-
specific, as it is generally expressed only in endothelial cells
in response to induction by pro-inflammatory factors, such as
tumor necrosis factor-· (TNF-·), interleukin 1-ß (IL-1ß) and
bacterial lipopolysaccharide (LPS), which makes E-selectin
another key marker distinguishing endothelial cells from
other cell types (16,17). E-selectin is absent on quiescent
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Figure 1. Morphology of colonic microvasculature in situ and in vitro. (A)
Light microscopy of normal colonic mucosa (M) and submucosa (S) with
abundant microvessels (arrow), from which HCMEC cultures are obtained
(magnification: A1, 40x; A2, 200x). (B) Phase contrast microscopy of
cultured HCMEC as confluent monolayer of closely associated fusiform-
shaped endothelial cells with rosette-like arrangement.
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endothelium. As is shown in Fig. 2B, in comparison to non-
stimulated HCMEC, which do not express E-selectin, an
inducible expression was found after stimulation of HCMEC
with TNF-·, IL-1ß and LPS.

VEGFR-1 and 2 are expressed in HCMEC under normoxic
and hypoxic conditions. To determine whether VEGFR-1 and
VEGFR-2 were expressed on HCMEC under normoxic (21%
O2) and hypoxic (3% O2) conditions, their transcription was
examined using RT-PCR. As shown in Fig. 3A for both
oxygen concentrations VEGFR-1 and 2 mRNA were
expressed in HCMEC. No marked change in the VEGFR-1
and 2 mRNA levels were be found after 24 h of hypoxia.
Overall, the expression levels of VEGFR-1 were lower in
comparison with VEGFR-2, as seen by the weaker band.
These data were congruent with the results obtained by
immunofluorescence at the protein level (Fig. 3B).

sVEGFR-1 and 2 are differentially expressed in HUVEC and
HCMEC. We examined the concentrations of sVEGFR-1 and
sVEGFR-2 in cell lysates of HUVEC and HCMEC of five
different donors and compared their amounts under normoxia
and hypoxia using specific ELISA. Under hypoxic conditions

a significant increase of sVEGFR-1 on HUVEC in all cases
was observed (range: 350-400 pg/ml protein under normoxia
versus 500-800 pg/ml under hypoxia; p<0.001)(Fig. 4A). The
mean value of sVEGFR-1 levels was 366 pg/mg protein
under normoxia and 640 pg/mg under hypoxia. In contrast, in
HCMEC the sVEGFR-1 expression pattern was inconsistent,
with a strongly pronounced range of variation of measured
amounts (Fig. 4B). Whereas in one case the levels remained
unchanged under normoxia and hypoxia (380 pg/ml protein
under normoxia versus 400 pg/ml under hypoxia), in two
individuals hypoxia induced sVEGFR-1 reduction (1100 and
600 pg/ml protein under normoxia versus 750 and 400 pg/ml
protein under hypoxia, respectively) and in two cases an
increase (980 and 400 pg/ml protein under normoxia versus
1350 and 570 pg/ml protein under hypoxia, respectively) of
sVEGFR-1 protein. Identical mean values of sVEGFR-1
levels for both oxygen concentrations were found (692 pg/ml
protein under normoxia versus 694 pg/ml under hypoxia).

In four of five investigated cases sVEGFR-2 was signifi-
cantly reduced in HCMEC under hypoxia (p<0.001) (Fig.
5B). The mean values of sVEGFR2 levels were 2520 pg/mg
protein under normoxia and 1782 pg/mg under hypoxia. Two
hypoxic HUVEC cultures overexpressed sVEGFR-2 (700
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Figure 2. Characterization of HCMEC using immunofluorescence microscopy. (A) Detection of von Willebrand factor (vWF) showed specific cytoplasmatic,
granular staining pattern and CD31 showed specific surface expression. (B) Cytokine and LPS inducible expression of E-selectin in HCMEC, whereas non-
stimulated HCMEC do not express E-selectin, an inducible expression was found after stimulation of HCMEC with LPS, TNF-· and IL-1ß.
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and 1800 pg/ml protein under normoxia versus 1200 and
2400 pg/ml protein under hypoxia, respectively) whereas
three expressed the same levels under normoxic and hypoxic
conditions (Fig. 5A). In the two endothelial types a strongly
pronounced range of variation of measured amounts was
found under both oxygen conditions (range: 700-1800 pg/ml
protein for HUVEC and 1800-3400 pg/ml protein for
HCMEC under normoxia; 1200-2400 pg/ml protein for
HUVEC and 1000-2460 pg/ml protein for HCMEC under
hypoxia). It is noteworthy that under normoxic conditions
HCMEC exhibited significantly higher levels of sVEGFR-1
and 2 in comparison to HUVEC.

Discussion

In recent years heterogeneity between large and small vessel
endothelium and between microvascular endothelial cells
derived from different organs has become increasingly
apparent. In vitro isolation and the study of endothelial cells
under relevant conditions is an essential tool by which their
function in physiology and pathophysiology can be explored.
With this aim in view, we sought to isolate human micro-
vascular endothelial cells (HCMEC) for studies of
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Figure 3. RT-PCR and immunofluorescence for VEGFR-1 and 2 expression in HCMEC under mormoxia (N) and hypoxia (H). (A) VEGFR-1 and 2 mRNA is
detected in HCMEC under the two oxygen conditions, normoxia and hypoxia (24 h, 3% O2) without significant differences in mRNA levels. The quality of
the reaction was judged upon amplification of a specific ß-actin fragment. (B) VEGFR-1 and 2 protein is detected in HCMEC without differences between
normoxia and hypoxia.

Figure 4. Determination of sVEGFR-1 concentrations by ELISA in HUVEC
and HCMEC under normoxic conditions and after exposure to hypoxia
(n=3, mean values ± standard error). (A) After exposure of HUVEC to
hypoxia sVEGFR-1 levels significantly increase (p<0.001). (B) In HCMEC
the sVEGFR-1 level profiles are inconsistent.
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inflammatory and neoplastic diseases of the colon. By using
CD31-coated magnetic beads microvascular endothelial cells
were selectively isolated from a mixed primary culture of
cells which are present in the gut mucosa and submucosa.
The method is reproducible, relatively easy to apply and
yielded endothelial cells with a high viability. Morphologically
the endothelial cell colonies in culture, exhibited a fusiform
appearance, which is also shown in microvascular endothelial
cultures derived for other organs such as brain and esophagus
(18,19). The endothelial nature of the cells was demonstrated
by positive immunostaining for phenotypic markers using
antibodies to vWF and CD31, VEGFR-1 and 2 mRNA, protein
expression, and by up-regulated expression of E-selectin
after stimulation with LPS, TNF-· and IL-1ß.

In the following part of our study, the expression of the
two VEGF receptors on HCMEC was examined especially
under hypoxic conditions. Tissue hypoxia is a common
feature of many inflammatory and ischemic diseases in the
gut and plays a role in their pathogenesis. VEGFR-1 and 2
mRNA and protein were expressed in HCMEC under
normoxic and hypoxic conditions. In the basal state, positive
expression of VEGFR1 and 2 mRNA in HCMEC has already
been documented (20). In the present study in hypoxia-
exposed HCMEC stable expression levels of these receptors
were seen at the transcriptional level. This observation
indicated a posttranscriptional regulation of both receptors
independent of their promoter, although this observation
requires quantitative confirmation. Previous reports
demonstrating hypoxic mRNA induction of both VEGFRs
have been contradictory. Waltenberger et al have shown an
up-regulation of VEGFR-2 in hypoxia-exposed HUVEC and
porcine aortic endothelial cells but without induction at the
transcriptional level (21). In another study human dermal
microvascular endothelial cells and macrovascular vein and

artery endothelial cells, except HUVEC, responded to
hypoxia with increased VEGFR-1 mRNA levels whereas
VEGFR-2 transcript levels were elevated only in the
microvascular endothelia (22). Gerber et al and Detmar et al
have observed that hypoxia led to increased levels of
VEGFR-1 mRNA in HUVEC and dermal microvascular
endothelial cells but in contrast, VEGFR-2 mRNA levels
were unchanged or slightly repressed (23,24). During in vivo
experiments with mice VEGFR-1 but not VEGFR-2 was
induced by hypoxia in endothelial cells of the lung, heart,
brain, kidney and liver (25). Notably, the VEGFR-1 gene is
directly up-regulated by hypoxia via a hypoxia-inducible
enhancer element located at its promoter region (23). In
contrast, no hypoxia-inducible factor-1-related elements were
found in VEGFR-2 promoter sequences, suggesting that the
hypoxia-induced up-regulation of VEGFR-2 proceeds via an
indirect mechanism. In this context, VEGF binding to the
VEGFR-2 receptor tyrosine kinase results in an increase in
VEGFR-2 gene transcription and protein expression (26).
Additionally, the existence of a homeostatic system is known
coordinating an appropriate VEGFR expression and
controlled VEGF/VEGFR interaction (27). Thus, down-
regulation of receptor expression is coupled with up-
regulation of receptor mRNA expression followed by rapid
replenishment of the cell surface with VEGF receptors and full
recovery of responsiveness to VEGF. These data offer a very
sensitive regulation system, which becomes more complicated
by additive paracrine stimulation of the endothelium in vivo.

sVEGFR-1, a splice variant of the VEGFR-1 that lacks
the transmembrane and cytoplasmic domains retains full
VEGF binding potency and acts as a potent antiangiogenic
molecule by binding circulating VEGF thus reducing the
ligand binding to transmembrane and signalling receptors
(10). In our study a consistent, significant increase of
sVEGFR-1 in HUVEC under hypoxic conditions was
observed. HUVEC originate from endothelial cells of the
singular umbilical vein carrying oxygenated blood from the
placenta to the fetus. Exposure of HUVEC to hypoxia
induced VEGF mRNA and protein in a time-dependent
manner with maximal levels observed at 48 h (28). Hypoxia-
induced increase of sVEGFR-1 in HUVEC may be interpreted
as a soluble antagonist form for VEGF leading to a decrease
of free VEGF for contolled, continuously adequate vascular
permeability to ensure sufficient oxygen and nutrient supply
for the duration of the hypoxic stress. In contrast to HUVEC,
in HCMEC a heterogeneous, donor-dependent sVEGFR-1
secretion pattern under hypoxia was observed. Colonic
microvasculature is exposed to constantly varying pO2 values
in response to large daily fluctuations of perfusion and as
such is resilient and robust to altered levels of oxygenation
(4). In this context, HCMEC show a marked donor-dependent
sensitivity in regard to hypoxia-induced sVEFGR-1 secretion.
Additional evidence for this statement is the strongly variable
amount of sVEGFR-1 measured in the five investigated
donors under the two test conditions, normoxia and hypoxia.

Ebos et al first reported the existence of a truncated protein
of VEGFR-2 in mouse and human plasma (11). In contast to
sVEGFR-1, little is known about sVEGFR-2. It appears
likely that sVEGFR-2 is a product of ectodomain cleavage
from the cell surface. The current generally accepted opinion
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Figure 5. Determination of sVEGFR-2 concentrations by ELISA in HUVEC
and HCMEC under normoxic conditions and after exposure to hypoxia
(n=3, mean values ± standard error). (A) In hypoxic HUVEC the sVEGFR-2
levels are unchanged or increased. (B) After exposure of HCMEC to
hypoxia sVEGFR-2 levels significantly decrease (p<0.001).
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is that VEGF binding and activation of VEGFR-2 leads to
internalization and down-regulation of the receptor from the
cell surface, which, in turn, leads to reduced sVEGFR-2 levels
(29). An increase in circulating VEGF leads to a correlative
decrease in sVEGFR-2 levels. In our study two hypoxic
HUVEC cultures overexpressed sVEGFR-2 whereas three
expressed the same levels under normoxic and hypoxic
conditions. In contrast, in HCMEC cultures a consistent
sVEGFR-2 reduction under hypoxia was seen. Wang et al
have demonstrated that HCMEC internalize and degrade
comparatively little VEGF and release a significantly greater
fraction of VEGF into the medium in comparison to HUVEC
(20). In this context, the hypoxia-induced, decreased
sVEGFR-2 levels may reflect the significantly elevated release
of VEGF from HCMEC compared to HUVEC under low
oxygenation conditions. This observation reveals sVEGFR-2
as an important and sensitive hypoxia-related biomarker,
specific for microvascular endothelial cells. Since micro-
vascular but not macrovascular endothelium is involved in
angiogenesis and in blood-tissue exchange of oxygen and
nutrients, the observation that hypoxic stress leads to
decrease of sVEGFR-2 only in microvascular endothelium
may represent a novel mechanism for the release of a factor,
namely sVEGFR-2, to regulate hypoxia-response processes.
Which cellular mechanisms cause this sVEGFR-2 reduction
and its direct consequences still have to be elucidated.
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