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A b s t r a c t  In the course of maintaining a cloned murine 
myocardium-derived endothelial cell line (mouse heart 
endothelial cell clone 5; MHEC5) a spontaneously trans- 
formed variant has been identified (clone MHEC5-T). 
On injection into histocompatible mice, clone MHEC5-T 
uniformly generated epithelioid haemangioendothelio- 
mas. Clone MHEC5-T underwent significant additional 
alterations in addition to the acquisition of tumour-form- 
ing potential in vivo along with the diagnostic correlate 
of loss of cellular contact inhibition in vitro. Whereas the 
transformed cells maintained lectin-binding properties 
characteristic of endothelial cells, they lost the cell sur- 
face receptor(s) for acetylated low density lipoprotein 
and no longer bound antibodies to either angiotensin 
converting enzyme or von Willebrand factor-associated 
antigen. Vascular cell adhesion molecule-1 (VCAM-1), 
expressed constitutively on the parent clone, was down- 
regulated in the transformed cell line. The transformed 
cells acquired immunoreactivity to antibodies directed 
against cytokeratin, and they showed a markedly in- 
creased response to migration-inducing factors in vitro. 
The cell line described in this report demonstrates that 
the in vitro transformation of myocardium-derived endo- 
thelial cells can lead through transitional stages of differ- 
entiation to a new stable phenotype characterized by en- 
dothelial - to - epithelioid transition. The study of 
MHEC5-T cells, in addition to providing insight into the 
biology of cardiac neoplasms, may help to elucidate reg- 
ulatory mechanisms involved in endothelial cell activa- 
tion, transition and transformation. 
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Introduction 

The incidence of primary heart tumours is low when com- 
pared with those in other organ sites such as the lung, co- 
lon, bladder or breast. However, when these tumours occur 
they are most frequently of vascular origin [23, 25, 28, 49]. 
Immunohistochemical and ultrastmctural evidence indi- 
cates that the differentiation of a cardiac vascular tumour 
may progress along three cell differentiation pathways: 
smooth muscle, fibroblastic and endothelial [15, 50]. 

Although epithelioid haemangioendothelioma is a 
rare vascular turnout [12, 30] it may prove particularly 
useful in tracing the developmental changes leading from 
normal endothelial cells to neoplastic ones. These tu- 
mours mimic a number of soft tissue tumours of diverse 
non-endothelial phenotypes, and thus indicate that endo- 
thelial cells have the potential to differentiate along sev- 
eral developmental pathways. For example, these tu- 
rnouts contain an abundance of cytokeratin and vimentin, 
in addition to manifesting a more stellate morphology 
than typical haemangioendotheliomas [22]. 

A major factor in the dearth of information concern- 
ing the nature of the endothelial component of cardiac 
tumours can be ascribed to a lack of suitable cell culture 
systems as well as the absence of a useful animal model 
which lends itself to experimental analysis. The myocar- 
dium-derived epithelioid haemangioendothelioma cell 
line which we describe may help initiate more extensive 
studies into the origin and pattern of differentiation of 
heart neoplasms. 

Materials and methods 

NMRI mice, a Swiss-albino-derived strain, were obtained from the 
GSF-Forschungszentrum fiir Umwelt und Gesundheit, Mt~nchen- 
Neuherberg, Germany. The NMRI/GSF mice have their origin in 
the Swiss mice of the Naval Medical Research Institute (Bethesda, 
Md., USA), and were obtained by the GSF from Ivanov, Isny, in 
1966. Although these animals have been maintained as an outbred 
colony since that time and thus are nominally not inbred, skin and 
tumour transplantation analysis as well as mixed leucocyte reac- 
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tion tests have shown them to be a line of histocompatible mice 
(unpublished observations). Their major histocompatibility com- 
plex haplotype has not, however, been determined. 

Cells were isolated as described elsewhere [41]. In short, 
hearts of 2-week-old animals were removed aseptically. The myo- 
cardium was separated from pericardium, epicardium and endo- 
cardium. Myocardium was minced with scissors and washed in 
0.01 M phosphate buffered saline (PBS), pH 7.2. The pellet was 
incubated at 37 ° C in 0.5% collagenase (Sigma, St. Louis, USA). 
After 30 min the suspension was washed in PBS, centrifuged and 
the pellet was resuspended in primary medium, which consisted of 
Dulbecco's modification of Eagle's minimum essential medium 
(DMEM; Sigma) with 20% fetal bovine serum (FBS; Sigma), 100 
U/ml penicillin, 100 ~tg/ml streptomycin, 20% S180-tumour-con- 
ditioned medium, 5 U/ml heparin (Sigma), 50 gg/ml endothelial 
cell growth supplement (ECGS; Collaborative Biomedical Prod- 
ucts, Bedford, Mass., USA) and 1% basal medium Eagle vitamin 
solution (Sigma). The cell suspension was filtered through a series 
of Nitex filters with pores from 200 gm to 15 gm. Subsequently 
cells were seeded into six-well culture dishes precoated with 1.5% 
gelatin (Sigma). After 15 min all non-adherent cells were removed 
by gently washing the plates with medium and adherent cells were 
fed primary medium to selectively support growth of endothelial 
cells. After expanding, cells were cultured in 100 mm culture dish- 
es and passaged after reaching confluency. After passage 5, the 
concentration of ECGS was reduced to 5 gg/ml, the amount of 
FBS was lowered to 10% FBS, and the addition of S180-tumour 
conditioned medium was discontinued. 

The mouse heart endothelial cell clone 5 (MHEC5) was one of 
several clones derived from the parent cell line at passage 25 by 
limiting dilution. Inasmuch as cells exhibited a cloning efficiency 
of 10%-25%, cells seeded at a density of one cell per well in 96- 
well-plates were used to achieve single cell clones. 

Endothelial cells were identified on the basis of morphology, 
binding affinity for the monoclonal antibody to angiotensin con- 
verting enzyme (o~-ACE 3.1.1), production of functionally active 
ACE by tripeptide cleavage assay (Vector Laboratories, Burlin- 
game, Calif., USA), labelling with rabbit anti-human von Wille- 
brand factor, vWF (Dako, Hamburg, Germany) and uptake of 
1, l'dioctadecyl-3,3,3',3'-tetramethyl-indocarbocyanine perchlorate 
acetylated density lipoprotein (acLDL), dilacLDL (prepared by 
Dr. Daniel G. Malone, University of Wisconsin, Madison, USA). 
Standard protocols for these tests have been described in detail in 
our previous publications [21, 37, 41 ]. 

Karyotyping was performed according to standard methods. 
Briefly, cells were incubated overnight in medium containing 0.2 
gg/ml Colcemid (Gibco, Grand Islands, N.Y., USA), trypsinized, 
washed and suspended in 0.075 M potassium chloride. After fixation 
in methanol/acetic acid (1:2), cell suspensions were dropped onto a 
slide, stained with Giemsa and examined under oil immersion. 

For electron microscopy, cells grown on coverslips were 
washed thoroughly with PBS and fixed overnight by immersion 
with Karnovsky's fixative at 4 ° C. After three washes, postfixation 
was performed with 2% osmium tetroxide at 4 ° C. The samples 
were dehydrated in an ethanol series and embedded in vinyl cyclo- 
hexene dioxide, ERL 4206 (Agar Scientific, UK). Polymerization 
was done at 70 ° C for 24 h. Ultrathin sections (50-60 nm) were 
cut on a LKB ultramicrotome with a diamond knife, mounted on 
copper grids and contrasted with uranylacetate (10 rain) and lead 
citrate (5 min). Sections were examined with a Zeiss 902 electron 
microscope. 

To undertake lectin staining cells were removed from culture 
by brief ethylenediaminetetracetic acid (EDTA) treatment. Lectins 
(DoIichos biflorus agglutinin, DBA; Bandeiraea sirnplicifolia lec- 
tin I, BSL I; Concanavalin A, Con A; Ulex europaeus agglutinin I, 
UEA I; all labelled with fluorescein isothiocyanate, FITC) were 
obtained from Vector and used at a final concentration of 2.5 
gg/ml in PBS/azide (0.1%). 

Immunocytochemistry was performed on cells detached from 
culture dishes by brief EDTA treatment. They were rinsed with 
PBS and c~-VCAM, a rat monoclonal antibody [33] (obtained 
from Dr. Paul Kincade, University of Oklahoma, USA) was used 

at a concentration of 1:1,000 in PBS to label live cells. A goat an- 
ti-rat lgG-FITC (Sigma; 1:400) was used as a second-step reagent. 

For intracellular labelling, cells were fixed with methanol-ace- 
tone (1:1) for 5 min at 4 ° C. Cells were incubated with c~-cytoker- 
atin (l:50 in PBS) or o~-vimentin (1:200 in PBS; both from Sig- 
ma), for 45 min at 4 ° C. FITC-labelled goat-anti mouse IgG 
(1:100 in PBS), was used as second-step reagent. 

Flow cytometric analysis was carried out using a Becton-Dickin- 
son (Mountain View, Calif., USA) FACScan instrument (15 mW ar- 
gon ion laser, 488 nm, 200-220gm nozzle aperture, 400-1000 
cells/s flow rate). Data were analysed using the LYSISII software 
programme provided by Becton-Dickinson. Live gating to exclude 
dead cells was used on the basis of their uptake of propidium iodide. 

Analysis of cell movement (chemokinesis) was carried out in 
microtiter plates, using an image analysis programme to obtain 
quantitation of migration tracks made by displacement of indicator 
microspheres (0.93 microspheres; Polysciences, Warrington, Pa., 
USA) as described previously [36]. In brief, microbeads were sus- 
pended in DMEM, sonicated to break aggregates, then added to 
96-well-plates preincubated with 500 gg/ml ovalbumin. Plates 
were centrifuged for 25 min at 500xg. Culture medium containing 
different concentrations of FBS (0.5%, 1%, 2.5%, 5%, 10%; Sig- 
ma) was added. Cells were adjusted to a concentration of 104 
cells/ml and 500 cells were added to each well. Cultures were ex- 
amined at intervals from 3 h to 48 h. 

Cells of clone MHEC5-T as well as of the untransformed clone 
MHEC5 were injected subcutaneously (106 cells in 0.1 ml PBS/ani- 
mal) or intravenously (105 cells in 0.02 ml PBS/animal) into 1-day- 
old (n=10) and 5-week-old (n--10) mice. 

For light microscopy, tumonrs were fixed in 4% formalin or in 
methanol-acetic acid (1:2) and embedded in paraffin. Sections 6 
gm thick were stained with haematoxylin and eosin. For electron 
microscopy, tumours were fixed in Karnovsky's fixative and sub- 
sequently treated as described for cell cultures (above). 

Sections of tumours were labelled with the following antibod- 
ies: o~-vWF (rabbit anti-human; 1:100 in PBS, after trypsinization 
for 20 min at 37 ° C; Dako) or ~x-vimentin (monoclonal anti- 
mouse, 1:40 in PBS; Sigma) or ~x-cytokeratin (monoclonal anti- 
mouse, 1:400 in PBS, after protease-incubation; Sigma). Paraffin 
sections were deparaffinized, incubated with primary antibody 
overnight at 4 ° C, washed in PBS and incubated with a horserad- 
ish peroxidase (HRP) conjugate of second-step antibody at room 
temperature for 2 h. 

Lectin labelling of sections was achieved using HRP conju- 
gates of lectins (Sigma) at a concentration of 25 gg/ml. Deparaf- 
finized sections were treated with 0.2% hydrogen peroxide to de- 
stroy endogenous peroxidase activity, washed in PBS, incubated 
with lectin for 45 min at room temperature in a humidified cham- 
ber, washed, and incubated in 3,3'-diaminobenzidine. Subsequent- 
ly slides were washed, dehydrated and mounted. A selection of 
slides was counterstained with cresyl violet. Technical details have 
been published previously [39, 40]. 

Fig. 1 Mouse heart endothelial cell clone 5 (MHEC5) cells in vit- 
ro, phase contrast. Confluent monolayer with typical cobblestone 
appearance, x480, Bar=38 gm 

Fig. 2 Transformed (MHEC5-T) cells in vitro, phase contrast. Af- 
ter transformation, cells grow in reticular structure, round up and 
pile up. x480, Bar=38 gm 

Fig. 3 MHEC5 cells in vitro, electron microscopy. Cells show 
regular contours of nuclei. No Weibel-Palade bodies can be found. 
x8,000, Bar=l ~tm 

Fig. 4 MHEC5-T cells in vitro, electron microscopy. Cells show 
irregular contours of nuclei, large number of elongated mitochon- 
dria and dilated endoplasmatic reticulum. Weibel Palade bodies 
are absent, x8,000, Bar=l gm 

Fig. S MHEC5-T cells in vitro, electron microscopy. Groups of 
viruses characterized by dense cores. Their appearance is similar 
to those seen in MHEC5 cells, x45,000, Bar=-O.1 gm 
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Results 

During the first 41 passages the cells grew steadily but 
slowly, exhibiting typical cobblestone morphology on 
confluence (Fig. 1). They were split in a 1:5 ratio every 2 
weeks, suggesting an average doubling time of 72 h. At 
passage 42 the proliferation and growth pattern changed 
dramatically. The splitting rate had to be changed to one to 
two weekly passages at a ratio of 1:20 (average doubling 
time <20 h). The cells grew in a reticular structure and lost 
contact inhibition as shown by rounding up and piling up 
of cells (Fig. 2). About one-third of the round cells de- 
tached from the culture dish and grew in suspension. 
However, these cells retained reproductive potential, giv- 
ing rise to both adherent and subsequent non-adherent 
cells on transfer. The transformed cells were not depen- 
dent on the addition of ECGS to the culture medium. 

Electron microscopy showed that transformed cells 
were pleomorphic, some elongated, others in plump 
shapes in contrast to the round or oval shape of the non- 
transformed cells. Irregular contours of nuclei with clefts 
and invaginations were apparent and mitotic figures were 
frequent. Compared with the non-transformed MHEC5 
clone, the MHEC5-T cells harboured a large number of 
elongated mitochondria and dilated endoplasmatic retic- 
ulum. Extensive search failed to reveal Weibel-Palade 
bodies in any of the cells (clone MHEC5 or clone 
MHEC5-T). No microtubules, no microfilaments and no 
intermediate filaments were observed (Figs. 3, 4). The 
cell membrane revealed a large number of microvilli-like 
structures. Intercellular contacts between the transformed 

cells were unusual: desmosomal-like junctional com- 
plexes extending over a long distance of the cell mem- 
brane were noticed, suggesting functional relevance. In- 
terdigitations between cells were frequent. No such spe- 
cific membrane structures could be seen in the non-trans- 
formed MHEC5 cell line. 

Ultrastructural evidence for viral replication was de- 
tected in both transformed and non-transformed cells 
(Fig. 5). Production of viral bodies could be traced back 
to passage 4 (the earliest passage for which cells were 
still available) of the non-cloned cell line from which 
MHEC5 was derived. Viruses were characterized by a 
round, dense core. Groups of viral bodies accumulated in 
vacuole-like structures. Budding of viruses and viruses 
in intercellular areas could be observed. 

Endothelial cells became aneuploid as early as pas- 
sage 4 (before the cells were cloned) and 38 passages be- 
fore transformation occurred. Most cells contained a 
near-tetraploid number of chromosomes. Such karyotyp- 
ic changes are typically observed in established murine 
microvascular and macrovascular endothelial cell cul- 
tures (unpublished observations). 

Whereas the non-transformed MHEC5 cells bound the 
monoclonal antibody to ACE, the transformed cell line 
did not label with this antibody (Figs. 6a, b, c; 7a, b, c). 
Similar results were obtained with the tripeptide cleavage 
assay for functional enzyme activity: the transformed 
cells were unable to cleave hippuric acid-glycine-glycine, 
in contrast to the parental MHEC5 cells. Similarly, cloned 
MHEC5-T cells, in contrast to the parental non-trans- 
formed cell line, failed to stain with antibodies to vWF. 

Fig. 6A-I Flow cytometric 
analysis of MHEC5. Not all da- 
ta were obtained in the same 
experiment, but all settings 
were standardized and the in- 
strument calibrated weekly. A 
Unlabelled cells, passage 45. B 
Second-step anti-mouse-IgM- 
fluorescein isothiocyanate 
(FITC) only. C Anti-angioten- 
sin converting enzyme 
(ACE)+anti-mouse-IgM-FITC. 
D Second-step anti-rat IgG- 
FITC only. E Anti-vascular cell 
adhesion molecule 
(VCAM)+anti-rat IgG-FITC. F 
Lectin Dolichos biflorus agglu- 
tinin (DBA)- FITC. G Bandei- 
raea simplicifolia lectin 1 (BSL 
I)-FITC. H Lectin Concanava- 
lin A (Con A)-FITC. I Lectin 
Ulex europaeus agglutinin I 
(UEA I)-FITC 
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Fig. 7A-I Flow cytometric 
analysis of transforined cells, 
MHEC5-T. A Unlabelled cells, 
passage 45. B Second-step anti- 
mouse-IgM-FITC only. C Anti- 
ACE+anti-mouse-IgM-FITC. D 
Second-step anti-rat IgG-FITC 
only. E Anti-VCAM+anti-rat 
IgG-FITC. F Lectin DBA- 
FITC. G Lectin BSL I-FITC. H 
Lectin Con A-FITC. I Lectin 
UEA-I-FITC 
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Cloned MHEC5-T cells showed no binding or inter- 
nalization of dilacLDL even after incubation for 18 h. 
This contrasts with the behaviour of the non-transformed 
cell line, which showed significant uptake of this re- 
agent. 

When labelled with antibodies against vascular cell 
adhesion molecule-1 (VCAM-1), both the transformed 
and parental cells were able to bind this antibody. How- 
ever, the intensity of staining was reduced in MHEC5-T 
(Fig. 7d, e) cells when compared with the original un- 
transformed cells (Fig. 6d, e). 

There was a marked change in the affinity shown by 
the transformed versus non-transformed cells for anti- 
bodies to cytokeratin and vimentin. Whereas the parental 
MHEC5 cells labelled only with c~-vimentin antibodies, 
the transformed cell line expressed both vimentin and 
cytokeratin. A small population of the transformed cells 
failed to bind either of the antibodies. 

Concerning lectin binding only marginal differences 
were observed between the two cell lines. MHEC5-T 
clearly expressed the endothelium-specific DBA binding 
of the NMRI strain of mice, but staining intensity was re- 
duced (Figs. 6f, 7t). Differences in extent of binding be- 
tween the clones was also apparent for BSL I, with the 
transformed cells showing a more intense labelling than 
the parental MHEC5 cells (Figs. 6g, 7g). No differences 
could be found for Con A (positive for both cells lines; 
Figs. 6h, 7h) or UEA I (low binding affinity; Figs. 6i, 7i). 

A distinct difference in the migration potential of 
MHEC5-T versus MHEC5 was observed. The time of 
onset of migration was much more rapid in the trans- 

formed cell line compared to the non-transformed one. 
By as little as 4 h marked migration tracks of MHEC5-T 
could be observed, in contrast to MHEC5 cells which 
even after 24 h showed only modest movement. Differ- 
ences between the cell lines were seen at all serum con- 
centrations and persisted over a 48 h period (Fig. 8a, b). 

In vivo all animals injected at either 1 day (n=10) or 5 
weeks (n=10) with MHEC5-T cells developed tumours, 
whereas no animal injected with the untransformed 
MHEC5 cells developed such tumours after more than 3 
months. Animals injected subcutaneously developed pal- 
pable tumours at the injection site within 1 week. Intra- 
venously injected animals developed multiple lung tu- 
mours. One of the ten animals injected intravenously 
developed a subcutaneous tumour in the lateral thoracic 
region in addition to the lung tumours. 

Subcutaneous tumours grew as solid nodules of 
white-yellowish colour interspersed with dark, haemor- 
rhagic areas. Lung turnouts grew as nodules of varying 
diameter up to about 2 mm. Tumour growth was inva- 
sire: subcutaneous tumours invaded skeletal muscle; 
lung tumours invaded the thymus (Fig. 9). Whether the 
animal with both a subcutaneous and lung turnout should 
be considered to have multiple primary tumours or meta- 
static spread is not clear. 

Histologic examination showed that small parts of the 
tumours were composed of cyst-like, blood-filled spaces 
lined by flat endothelial cells (Fig. 10). The largest part, 
however, was not as clearly vasoformative, but revealed 
proliferation of large polygonal cells with abundant cyto- 
plasm, pleomorphic nuclei with vacuoles, distinct nucle- 
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Fig. 8a, b Cell migration assay. Chemokinetic tracks 4 h after cell 
seeding, a Non-transformed cells, MHECS. b Transformed cells, 
MHEC5-T 

Fig. 9 Tumour in situ, generated by injection of MHECS-T cells. 
Tumour cells have invaded the thymus, presumably from a large 
primary that had developed in the lung. Haematoxylin and eosin 
stain, x400, bar=-50 ~tm 

Fig. 10 Angioformative region of tumours shows cyst-like blood 
filled spaces lined by endothelial cells. Haematoxylin and eosin 
stain, x400, bar=50 gm 

Fig. 11 Epithelioid region of tumours shows cells arranged in 
cords and nests surrounding narrow, blood-filled spaces. Capillar- 
ies are lined by plump, endothelial cells. Haematoxylin and eosin 
stain, x400, bar=-50 gm 

Fig. 12 Section of tumour stained with peroxidase-coupled DBA 
lectin. The endothelium of vessels within the turnout labels 
strongly. Tumour cells in epithelioid areas show moderate stain- 
ing, x400, bar=-50 pm 
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oli and frequent mitotic figures (around 15 in ten high 
power fields). Cells were arranged in cords, clusters or 
nests, surrounded by narrow blood-filled spaces, sug- 
gesting vasoformative properties (Fig. 11). Capillary-like 
vessels were lined by plump epithelioid endothelium 
(Fig. 11). Cells resembled malignant epithelial cells mor- 
phologically and were thus diagnosed as epithelioid 
haemangioendotheliomas. 

Electron microscopy revealed large, irregularly-in- 
dented nuclei containing more than one nucleolus. Inter- 
cellular junctions were desmosome-like, similar to the in 
vitro situation. No intermediate filaments and no Weibel- 
Palade bodies were seen. Viruses were found within the 
cytoplasm as well as in the intercellular areas. 

Endothelium of normal blood vessels in the lung la- 
belled strongly with o~-vWF (anti-factor VIII-related an- 
tigen). Endothelium of vessels in other organs examined 
was labelled discontinuously (skin) or was negative 
(heart, thymus) when stained with (z-vWF. No blood ves- 
sels within the tumours, nor tumour cells, were labelled 
and only a few blood capillaries in the tumour periphery 
showed a reaction. 

Cells of the epithelioid parts of the tumours were la- 
belled homogeneously with o~-vimentin, but labelling 
was very weak. Labelling with (,-cytokeratin was seen in 
a few epithelioid cells only and was also weak. 

Endothelial cells of normal blood vessels were la- 
belled with the lectin DBA. Endothelium of all capillar- 
ies within the tumours was labelled strongly and tumour 
cells weakly. The endothelium of the large, cyst-like, 
blood-filled spaces was also labelled (Fig. 12). Normal 
vascular endothelium bound BSL I, but the endothelium 
of intratumourous vessels was negative. The cytoplasm 
of the majority of the tumour cells was clearly BSL I- 
positive, whereas nuclei were lectin-negative. Tumour 
cells found invading neighbouring tissue displayed a 
most intense affinity for DBA and BSL I. No labelling 
was seen with either Con A or UEA I. 

Discussion 

We have examined a transformed murine myocardium- 
derived vascular endothelial cell clone (MHEC5-T) 
showing a transformed cell phenotype in vitro and neo- 
plastic growth in vivo. Tumours produced by the trans- 
formed cells were classified as epithelioid haemangioen- 
dotheliomas. To the best of our knowledge, MHEC5-T is 
the first established tumorigenic endothelial cell line of 
myocardial origin and the first epithelioid haemangioen- 
dothelioma which has been propagated and analysed. 

Ultrastructural evidence for viral replication was 
found in both non-transformed and transformed cells, 
and could be traced back at least to passage 4 (more than 
I00 cell doublings before the appearance of the trans- 
formed phenotype). Viral infection of endothelium can 
lead to a wide range of effects [1]. For example, vascular 
neoplasms such as haemangiomas and haemangiosarco- 
mas can be induced by different murine sarcoma, polyo- 

ma and papova viruses [9, 14, 17, 38, 58]. It has been 
proposed that Kaposi's sarcoma, believed to be of vascu- 
lar endothelial origin, is induced by an AIDS-associated 
virus [45]. To date a viral aetiology for epithelioid haem- 
angioendothelioma has not been established. Although 
we cannot exclude the possibility that the viruses detect- 
ed in MHEC5-T played a role in transformation, the sim- 
ilarity between the morphology of viruses of the early 
myocardial endothelial cell cultures of MHEC5-T sug- 
gests that they were not of primary importance. 

Although cobblestone morphology has long been con- 
sidered a hallmark of endothelial cell cultures, it should 
be recognized that the cobblestone pattern is not charac- 
teristic for all endothelial cells and that there is consider- 
able heterogeneity in the appearance of endothelial cells 
in vitro [4, 5, 6, 59]. Moreover, it is only at reaching con- 
fluence that this pattern becomes established. Thus cells 
that are not contact-inhibited or sprouting endothelial 
cells such as those involved in new vessel formation can- 
not be expected to manifest cobblestone-type organiza- 
tion. 

It is now generally recognized that there is no single 
property that identifies an isolated cell as being an endo- 
thelial cell. For example, not all endothelial cells pro- 
duce ACE or receptors for acLDL and there is variability 
of expression of vWF/factor VIII-related antigen expres- 
sion even among endothelial cells of a single vessel. In 
addition, there is considerable variability in the expres- 
sion of such cell surface markers as CD31, CD34 and re- 
ceptors for growth factors such as basic fibroblast growth 
factor or vascular endothelial growth factor [2, 4]. Simi- 
larly, there is much variability in the array of cell sur- 
face-associated adhesion-mediating molecules. Some 
endothelial cell lines show a constitutive presence of 
VCAM, whereas others develop cell surface VCAM ex- 
pression only following activation by cytokines or not at 
all [33], and there are major differences in glycoconju- 
gate expression as evidenced by lectin binding properties 
and cell-cell interactions between endothelial cells and 
specific tumour cell types [2, 3, 11, 34, 35]. Seen in this 
context, it is not surprising that transformation was ac- 
companied by changes in serologically detectable 
vWF/factor VIII-associated antigen or receptors for ac- 
LDL or in the production of ACE. 

The endothelial nature of MHEC5-T is shown in vitro 
as well as in situ by labelling with two different endothe- 
lium-specific lectins: DBA and BSL 1. Vascular endothe- 
lium including the heart endothelium of certain mouse 
strains like the NMRI mouse exhibits a specific affinity 
for the lectin DBA [39, 40, 42, 43]. When compared to 
the non-neoplastic counterpart DBA binding is downreg- 
ulated in MHEC5-T cells, but these cells still show spe- 
cific binding of this lectin, as do the tumours derived 
from injection of the cells into mice. Strikingly, cells not 
included in the epithelioid part of the tumour but exhibit- 
ing an invading and migrating (angiogenic?) phenotype, 
labelled intensely with the DBA lectin as well as with 
BSL I. This finding is consistent with studies of Wil- 
liams et al. [57] who described the angiogenic phenotype 
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of endothelial cells to be DBA-positive. BSL 1 has been 
demonstrated to label murine endothelial cells specifical- 
ly in vitro [46], including transformed ones, [53], and to 
bind in vivo to endothelium of different microvascular 
beds including the murine myocardium [8, 27, 44, 54]. 

Lectins and their endogenous glycoligands are con- 
sidered to be crucial in the transmission of molecular 
information during development of the heart [16]. Endo- 
thelium appears to express a common set of major glyco- 
proteins in culture and in situ [48]. However, cell trans- 
formation may also lead to altered expression of cell sur- 
face lectin-binding properties [7]. The fact that MHEC5- 
T cells maintained the endothelium-specific glycoconju- 
gates recognized by DBA and BSL I parallels the find- 
ings obtained with human endothelial cells, where the 
endothelium-specific UEA I lectin bound both normal 
and neoplastic endothelial cells [20, 29, 31, 47]. 

The tests for the presence of vimentin and cytokeratin 
were carried out to determine whether the MHEC5-T 
cells had acquired new properties consistent with their 
morphological transition to the epithelioid phenotype. 
Mesenchymal cells, including endothelial cells, typically 
express vimentin, whereas cytokeratin is generally con- 
sidered to be specific for epithelial cells [13, 19]. How- 
ever, in some cases, cytokeratin expression has been 
found in normal endothelia or in vascular tumours [22]. 
Only vimentin was detectable in the parental MHEC5 
cell line, but cytokeratin as well as vimentin were pres- 
ent following transformation. 

It is only recently that cultured tumour cells and 
transformed cells of endothelial origin have been charac- 
terized [18, 24, 33, 51, 52, 53, 55]. All of these cell lines 
have been found to induce tumours diagnosed as charac- 
teristic of haemangioma, haemangioendothelioma or hae- 
mangiosarcoma. The model of a vascular neoplasm pre- 
sented by our study differs from those previously de- 
scribed in that it produces an unusual and rare but 
distinct vascular turnout in vivo. Epithelioid haemangio- 
endotheliomas have a unique microscopic appearance 
characterized by the proliferation of epithelioid-like en- 
dothelial cells displaying remarkable pleomorphism. Ep- 
ithelioid haemangioendotheliomas are considered to be 
borderline malignant tumours and display an atypical 
and heterogeneous growth pattern, thus often being mis- 
diagnosed as carcinomas or sarcomas including Kaposi's 
sarcoma [56]. Epithelioid haemangioendotheliomas have 
been described in liver, bone, lung, brain and heart [10, 
22, 26, 32]. 

Transitional stages of differentiation are frequently 
found during the development of neoplasms, including 
tumours of the heart. The cell line described in this re- 
port demonstrates that the in vitro transformation of 
myocardium-derived endothelial cells, evidenced by the 
loss of contact inhibition of growth, increased chemoki- 
netic activity and altered surface adhesive properties, has 
led to a new stable phenotype characterized by endothe- 
lial - to - epithelioid transition. Although the concept of 
transformation of cell types from endothelium to epithe- 

lium has been proposed previously on theoretical 
grounds, the present report provides direct experimental 
evidence that heart endothelial cells can be modulated to 
an epithelioid phenotype. It appears significant that sev- 
eral of the phenotypic changes in clone MHEC5-T were 
presaged by low level expression in the untransformed 
and non-tumorigenic clone MHEC5. The study of 
MHEC5-T cells may help to elucidate regulatory mecha- 
nisms involved in endothelial cell activation, transition 
and transformation. 
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