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Abstract

AIM: To establish and characterize a spontaneously im-
mortalized human dermal microvascular endothelial cell
line, iIHDMEL1.

METHODS: We developed a spontaneous immortaliza-
tion method. This approach is based on the application
of optimized culture media and culture conditions with-
out addition of any exogenous oncogenes or carcino-
gens. Using this approach, we have successfully estab-
lished a microvascular endothelial cell line, iIHDME1, from
primary human dermal microvascular endothelial cells.
iHDME1 cells have been maintained in culture dishes for
more than 50 passages over a period of 6 mo. Using a
GFP expressing retrovirus, we generated a GFP-stable
cell line (HDME1-GFP).
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RESULTS: iHDMEL1 retain endothelial morphology and
uniformly express endothelial markers such as VEGF re-
ceptor 2 and VE-cadherin but not a-smooth muscle actin
(a-SM-actin) and cytokeratin 18, markers for smooth
muscle cells and epithelial cells respectively. These cells
retain endothelial properties, migrate in response to
VEGF stimulation and form 3-D vascular structures in
Matrigel, similar to the parental cells. There is no signifi-
cant difference in cell cycle profile between the parental
cells and iHDMEL1 cells. Further analysis indicates en-
hanced stemness in iHDME1 cells compared to parental
cells. iIHDME1 cells display elevated expression of CD133
and hTERT.

CONCLUSION: iHDME1 cells will be a valuable source
for studying angiogenesis.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

During angiogenesis, endothelial cells migrate, proliferate
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and assemble into vascular structures. To examine the mo-
lecular mechanisms of angiogenesis and vascular biology,
appropriate cell lines are an important requirement. Cur-
rently, primary cells isolated from human tissues are the
major source of endothelial cells. These cells are normal
and, in principle, are suitable for angiogenic studies. How-
ever, under current cell culture conditions these cells lose
their endothelial properties within a few passages. As with
most mammalian somatic cells, these primary cells have a
limited lifespan, stop dividing and become senescent after
a predictable number of cell divisions'™”. Cellular senes-
cence is triggered by two interdependent mechanisms; cell
cycle arrest controlled by p19ARF/p53 and p16INKa/RB
tumor suppressor pathwaysm] and shortening of the telo-
metes due to the end-replication problem in chromosome
replicationm. These properties have limited the application
of primary endothelial cells in experiments involving ge-
netic manipulation.

As an alternative, viral oncogenes have commonly been
used to immortalize primary cells. This approach prevents
cells from senescence®”. It also extends cell’s life span by
binding and inactivating p53 and RB proteinsm. Oncogene
immortalized cells are generally stable and can be cultured
for long periods. However, since the viruses used for this
process are fundamentally oncogenic, concerns are raised
as to whether these cells gain transformed properties™"”.
A number of publications have reported spontaneous
immortalization of human cell lines which include kera-
tinocytesl“’lzj, breast epithelial cells MCE-10"" and pros-
tate epithelial cells"*". The presence of nature elevated
hTERT and CD133 in a rare population of stem/progeni-
tor cells could be a factor to promote cell self-renewal and
enrichment. However, no study has been performed on
endothelial cells. In this report, we describe a novel ap-
proach to generate a spontaneously immortalized human
dermal microvascular endothelial cell line without the use
of oncogenes. These cells are stable for prolonged culture
and make feasible stable genetic manipulation. They retain
endothelial cell properties with progenitor/stem cell-like
characteristics.

MATERIALS AND METHODS

Cell line and antibodies

Primary human dermal microvascular endothelial cells
(HDMEC:s) were putchased from Clonetics and cultured in
EGM media (Clonetics). Antibodies against Ku70, CD133
and VEGF receptor 2 (VEGFR2) were purchased from
AbCam, anti-hTERT from Santa Cruz and anti-oi-SM-actin
from Sigma. Anti-CK18 was a gift from Dr. EB Lane, Uni-
versity of Dundee, Scotland. FITC- or TRITC-conjugated
secondary antibodies were purchased from Sigma.

Spontaneous immortalization of human endothelial cells

HDMECs were cultured in an optimized culture medium
made using 50% RPMI 1640 (Invitrogen, Grand Island,
NY) and 50% Keratinocyte-SFM (K-SFM, Invitrogen)
containing 5% fetal bovine serum, FBS (Atlanta Biologi-
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cals, Atlanta, GA) and 1% antibiotic-antimycotic mix (Ab/
Am, Life Technologies, Grand Island, NY). The cells were
continuously passaged in excess of 20 times at a suitable
dilution ratio (1:2) every 3 d. After that, these cells were
routinely maintained in RPMI 1640 with 5% FBS and 1%
Ab/Am for more than 30 passages without senescence or
crisis. At this point the cells were designated as an immor-
talized endothelial cell line, iIHDME1. The iHDME1 cells
are easily recovered from storage in liquid nitrogen.

Retroviral infection

iHDMET cells were retrovirally infected using a pBird-
CMV-EGFP vector’. GFP positive cells were sorted by
FACS and stable cell lines were established (HDME1-
GEP). The cells were maintained in RPMI 1640 with 5%
FBS and 1% Ab/Am.

Immunofiuorescence staining

HDMECs and iHDMET1 cells grown on culture chamber
slides were fixed in 50% methanol/ethanol and incubated
with antibodies against VEGFR2, VE-cadherin, o-SM-
actin, CK18, Ku70, hTERT and CD133, followed by in-
cubation with fluorescence labeled 2nd antibodies. Obset-
vations were made under fluorescence microscopy (ZEISS,

Axio imager M1).

Cell cycle analysis

For cell cycle analysis, HDMECs and iHDME1 cells were
pulsed with BrdU (10 umol/L) for 1 h. After incubation,
the cells were washed with PBS and fixed with 75% ice-
cold ethanol. Fixative was removed by centrifugation with
PBS. DNA was partially denatured by incubation with 1
mol/L HCI for 20 min at room temperature, after which
the cells were washed three times with PBS containing
0.05% Tween-20. Cells were incubated with 100 plL of
FITC-conjugated ant-BrdU antbody (5 ug/mL; 1:100) in
dark for one hour. The cells were further stained with PI
staining solution (50 ug/mL PI, 10 pg/mL RNase, 0.01
mol/L Ttis and 10 mmol/L NaCl) incubated in datk for
30 min and then analyzed using a FACScan flow cytom-
eter (Becton Dickinson). The percentage of gated cells in
G1/G0, G2/M or S-phase was calculated.

In vitro angiogenesis assays

Angiogenesis assays were performed as described. For cell
migration, HDMECs and iHDME1 cells were placed on
the upper chamber of Transwells (Costat). The chamber
was placed in medium containing 25 ng/ml. of recombi-
nant VEGF (R & D). Cells were allowed to migrate for 4 h,
followed by fixation in 10% buffered formalin and stain-
ing with crystal violet. Cells that had migrated to the un-
derside of the filter were counted in 10 randomly selected
200 X fields. For vascular tubule formation, HDMECs
and iHDME1 cells were placed on top of Matrigel and in-
cubated for 28 h at 37°C. Vascular branch crossings were
counted in 10 randomly selected fields under microscopy.
Each experiment was performed in triplicate and repeated
three times.
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HDMEC

iHDME1-GFP (P6)

Figure 1 Spontaneous immortalization of human dermal microvascular
endothelial cells. Appearance of primary HDMECs and immortalized iHDME1
cells after 3 and 10 passages demonstrating retention of normal phenotypic
characteristics in culture. An iHDME1-GFP cell line established by a retroviral
transduction shows uniform GFP expression under a fluorescent microscopy (The
bottom panel). Scale bar = 50 um.
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Table 1 Cell cycle profile between the parental cells and
iHDME1 cells

G1/Go S G2/M
HDMEC 23.74+£5.9 27.77 £0.45 27.4+3.75
iHDME1 27.1+4.12 28.83+£27 34.82 +1.34

HDMECs and iHDMEI cells were pulsed with BrdU for one hour. Cell cycle
distribution in Go/G, S and G2/M phases was measured by BrdU/PI flow
cytometry. The cell population at each phase is expressed as percentage
of the total cells analyzed. The data was collected from three independent
experiments.

RESULTS

To overcome the limitations of primary and viral onco-
gene-immortalized endothelial cell lines, we developed
a novel approach to spontaneously immortalize primary
HDMECs. HDMECs were purchased from Cambrex
which were isolated from pooled human dermal tissues
from multiple donors. Early passage cells (passage 3-5)
were used in the study. We tested a number of commer-
cial media including RPMI 1640, DMEM, F12 and K-SFM
to replace the culture media specific for HDMEC endo-
thelial cells supplied by the company. We found that the
mixture of RPMI1640 and K-SFM (1:1) with total 2.5%
FBS offered the best condition for cell growth and prolif-
eration 7 vitro.

We observed that a small population of progenitor/
stem-like microvascular endothelial cells was spontane-
ously immortalized i vitro using a set of optimized culture
conditions including cell culture medium and serum. We
named the cells iHDME]1. These cells have been main-
tained in continuous culture in a simple RPMI 1640-based
media for more than 50 passages over a period of 6 mo.
In contrast, the parental primary cells require growth fac-
tor rich EGM media and only survive for a limited num-
ber of passages. IHDMET1 cells maintain endothelial mor-
phology in the culture dish (Figure 1). Next, we compared
cell cycle profile between the patental cells and iHDME1
cells. We did not observe any significant difference in cell
cycle profiles between the two cell populations (Table 1).
Our protocol is based on modification of cell culture con-
ditions and composition of culture media without using
oncogenes; therefore it is unlikely that cell transformation
occurs. Indeed, implantation of iHDMET1 cells in nude
mice did not yield any tumor formation (data not shown)
which is consistent with spontaneous immortalization
without using any oncogene. To demonstrate the ability to
genetically manipulate these cells, we established a GFP-
expressing derivative line, i(HDME1-GFP), using retro-
viral transduction (Figure 1). iHDME1 is phenotypically
stable and is suitable for genetic manipulation.

iIHDMEI1 cells maintain uniform expression of VEG-
FR2 and VE-cadherin, specific markers for endothelial
cells, by immunofluorescence staining. The staining is spe-
cific as the isotype controls are totally negative (data not
shown). The expression of VE-cadherin is comparable to
the parental cells but VEGFR2 expression is higher in iH-
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A VEGFR2 (DAPI) VE-cadherin (DAPI)
HDMEC -
iHDME1

B a-SM-actin (DAPI) CK18 (DAPI)

iHDME1

Figure 2 iHDME1 cells express endothelial markers but negative of epithelial and smooth muscle cell markers. A: Human dermal microvascular endothelial cells
(HDMECs) and iHDME1 cells grown on glass cover slides were incubated with antibodies against VEGFR2 and VE-cadherin respectively; B: HDOMECs and iHDME1 cells

grown on glass cover slides were incubated with antibodies against a-SM-actin and CK18 respectively. Nuclei were illuminated with DAPI. Scale bar = 50 um.

DMEI1 cells than the parental cells (Figure 2A). They are ther analysis confirmed that iHDME]1 cells responded to
negative of a-SM-actin and CK18 (Figure 2B), markers VEGF stimulation and migrated along a VEGF gradient
for smooth muscle and epithelial cells respectively. Fuz- (Figure 3A). iHDME1 cells form tubule structures in 3-D
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HDMEC iHDME1

Figure 3 iHDME1 cells retain endothelial properties in vitro. A: Migration
of Human dermal microvascular endothelial cells (HDMECs) and iHDME1
cells towards medium with or without VEGF (25 ng/mL). Migrating cells were
counted 4 h after cell plating in eight randomly selected high power fields. °P <
0.05 using Student’s t test, comparing to unstimulated cells; B: iHDME1 cells
in 3-D Matrigel cultures. Vascular structure formation was followed over time
and representative images taken 28 h after plating are shown; C: Cross point
of vascular structures from HDMECs and iHDME1 cells were counted under
microscope and graphed 28 h after plating. The data were collected from three
independent experiments.
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Matrigel (Figure 3B). There are no significant differences
in these angiogenic functions between the parental cells
and iHMDET1 cells (Figure 3C). Collectively, these data
demonstrate that iIHDMET cells are immortal but retain
typical endothelial cell properties.

We compared protein expression profiles between
parental HDMECs and immortalized iHDME1 cells by
immunofluorescence staining, Both types of cells showed
100% nuclear positive staining for Ku70 protein which
confirmed the human origin of the cells (Figure 4A). In-
terestingly, there was elevated hTERT protein expression
in iHDMET1 compared to parental cells (Figure 4A). TERT
synthesizes and maintains the telomeres, thus prevent-
ing cellular senescence caused by the shortening of telo-
meres'”. We also detected an increase of CD133 (AC133
and prominin-1), a human stem cell-associated marker, in
iHDME1 compared to parental cells (Figure 4A). CD133
is also detected in endothelial progenitor cells"”. The
staining is specific as the isotype controls of h"TERT and
CD133 are totally negative (Figure 4B).

DISCUSSION

Angiogenesis is defined as capillary sprouting process
which is essential for accommodating the metabolic de-
mand of growing tissues. As tissue growth, tissue repair
and regeneration are tightly linked to disease conditions, a
study of the molecular mechanism of angiogenesis offers
great promise for therapy for a vatiety of diseases such as
cancer and cardiovascular conditions. Endothelium is a
major component of blood vessel wall which plays critical
roles in angiogenesis and vascular homeostasis. Therefore,
establishment of proper endothelial cell lines are essential
for studying the mechanisms of these processes.

Primary cells isolated directly from tissues are the ma-

jor source of endothelial cells. These cells are normal and
are suitable for angiogenic studies. However, these pri-
mary cells gradually lose their endothelial properties and
become senescence within a few passages. Thus the cells
are not suitable for genetic manipulations for mechanistic
analysis. To overcome this limitation, attempts were made
to immortalize the cells with viral oncogenes. The onco-
gene immortalized cells are stable and have an unlimited
life span but concerns are raised as to whether these cells
gain transformed properties.
Spontaneous immortalization has been used to estab-
lish stable cell lines through changing cell culture media
and culture conditions. It does not involve utilizing viral
oncogenes, thus it presents a significant advantage over
oncogene-mediated process. This approach has been used
to generate several epithelial cell lines, often tumor cell
lines. There is no report on endothelial cells.

In this report, we developed a spontaneous immortal-
ization method without using oncogene and established
an immortalized human dermal microvascular endothe-
lial cell line, iIHDME1. iHDME1 cells are immortal and
maintain endothelial properties. They did not form tumor
in vivo. They display progenitor/stem cell charactetistics.
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HDMEC iHDME1

iHDME1

hTERT CD133 =

Figure 4 iHDME1 cells express elevated hTERT and CD133. A: HDMECs and iHDME1 cells cultured on glass slides were stained for Ku70 (a human marker), hTERT
and CD133 protein expression. Nuclei were illuminated with DAPI staining. The cells were examined under a fluorescent microscopy and representative images were shown.
Scale bar =50 pm; B. The staining is specific as the isotype controls of h\TERT and CD133 are totally negative. Nuclei were illuminated with DAPI staining. Scale bar = 50 pm.

Based on elevated expression of stem/progenitor related cell population. Current effort is engaged to elucidate the
genes in iHDMEI1, we suggest that spontaneous im- mechanism. Considering the importance of endothelial
mortalization is a process that enriches or preferentially cells, this method and cell line has great potential in angio-
selects progenitor cells existing in heterogeneous primary genesis and vascular biology research.
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COMMENTS

Background

Endothelial cells are invaluable in angiogenesis and vascular biology research.
Currently, there are two choices for the cell: freshly isolated primary cells from
tissues and oncogene immortalized cell lines. Primary cells have a limited life
span and are unstable, thereby limiting experimental genetic manipulation;
while oncogene immortalized cells are stable, even if not transformed, contain
significant genetic initiation.

Research frontiers

Development of proper endothelial cell lines is essential to study angiogenesis
and vascular biology. Spontaneous immortalization offers the potential to generate
immortalized normal cells without introducing any oncogene.

Innovations and breakthroughs

In this study, the authors developed a spontaneous immortalization method to
establish a microvascular endothelial cell line, IHDME1, from primary human
dermal microvascular endothelial cells. This approach is based on the application
of optimized culture media and culture conditions without addition of any
exogenous oncogenes or carcinogens. The cells retain immortal status but less
likely have oncogenic potential.

Applications

iHDME1 cells are invaluable in angiogenesis and vascular biology research.
Spontaneous immortalization method allows us to develop endothelial cell lines
from any tissue or organ.

Terminology

Endothelial cells: The endothelium is the thin layer of cells that lines the interior
surface of blood vessels, forming an interface between circulating blood in the
lumen and the rest of the vessel wall. These cells are called endothelial cells.
Endothelial cells line the entire circulatory system from the heart to the smallest
capillary. Primary cells are normal cells directly isolated from tissues. They have
a limited life span, either undergoing apoptosis or senescent after a predictable
number of cell divisions in vitro. Spontaneous immortalization is a process in
which primary cells are spontaneously induced to become immortal without using
any oncogenes.

Peer review

The authors have demonstrated a novel culture technique to establish an
immortalized but functional human vascular endothelial cell line without
introducing any oncogenes. Due to its high feasibility, the method will prevail
among the researchers in this field. This work is worth reporting and will make a
great contribution to an advanced understanding on human angiogenesis.
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