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ABSTRACT

A procedure for the isolation and cultivation of endothelium from the marginal
vessels of the rabbit ear is described. Endothelial cells, isolated by slow perfusion
with a trypsin solution, are cultured in minimal essential medium supplemented
with 10% fresh rabbit serum for up to 6 mo. In primary culture, marginal vessel
endothelial cells grow in an expanding circular pattern with closely apposed cell
membranes. Weibel-Palade bodies, subcellular organelles unique to endothelial
cells in situ, are present in both primary and in serially cultivated cells (12
passages). In intact skin, Weibel-Palade (W-P) bodies are observed in the peri-
nuclear cytoplasm in close proximity to the cell membrane facing the vascular
lumen. 8-16 tubules of 200 A diameter are present in each body. In primary and
subcultured cells, W-P bodies of identical size are seen in the vicinity of the Golgi
apparatus and in close proximity to the outer cell membrane. At the optimum
serum concentration (10%), a cell doubling time of 72-96 h is observed. When
growth in normal rabbit serum and in platelet-poor serum is compared, a slower
growth rate is observed in the absence of platelets, suggesting that factors released
by platelets affect endothelial cell proliferation. However, addition of crude
platelet factor does not substitute for complete serum. Fibroblast growth factor is
not mitogenic for rabbit marginal vessel endothelium in vitro.

Valuable information on many aspects of endo-
thelial cell function and biochemistry has been
obtained using the techniques developed in recent
years for the in vitro cultivation of endothelium
from large vessels such as the umbilical vein and
aorta (8, 13, 31). Attempts have been made to
adapt these methods for microvascular endothe-
lium (19, 34), but the long-term cultivation of such
cells has not been achieved. In the skin, the role of
the dermal vasculature in the maintenance of ho-
meostasis is becoming increasingly apparent. For
example, sprouting of new vessels occurs during
revascularization after skin injury (23), and exten-
sive vascular networks evolve to support the thick-
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ened epidermis seen in several skin disorders (22)
and during tumor growth (6). To date, studies on
the regulation of the dermal vasculature have been
limited to in vivo models. Differences in the ultra-
structure of endothelium from the various regions
of the vascular network, with respect to the num-
ber of Weibel-Palade (W-P) bodies (30), type of
endothelial cell junctions (29), or the extent of the
cytoplasmic microfilaments (15), have indicated
that large vessel endothelium cultivated in vitro
may not be a suitable model for study of micro-
vascular function. Classically, the marginal vessels
of the rabbit ear have been used as a model system
for the study of microvessel proliferation and the
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development of a vascular network (26, 32). To
simplify investigation of the role of endothelial
cells in these processes, we have developed a
method to isolate and maintain in vitro endothelial
cells from the marginal vessels. A mixed popula-
tion of endothelial cells from the marginal artery
and vein together with microvessel endothelium
from arterioles, venules, and capillaries is obtained
after perfusion of the vasculature with trypsin
solution. The identification of the released cells as
endothelial in type by morphologic and ultrastruc-
tural criteria, and their growth characteristics and
requirements in vitro are described. A preliminary
report of this work has appeared (4).

MATERIALS AND METHODS

Isolation of Cells

Adult New Zealand rabbits (2-3.5 kg) were killed by barbi-
turate overdose and the ears were removed. The pelage was
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FIGURE | Schematic representation of steps involved
in the perfusion and collection of endothelial cells from
the marginal vessels of the rabbit. The vascular network
of the rabbit ear is perfused with a 1% trypsin solution
via a polyethylene cannula inserted into the marginal
vein. After incubation at 37°C a small volume of trypsin
solution (1.0 ml) is perfused through the vasculature.
Drops of perfusate containing released endothelial cells
are collected (at a point cut at the base of the ear) in a
centrifuge tube containing MEM and 10% calf serum.

, clipped closely with an electric clipper (Oster Corp., Milwaukee,

' Wis.), and a collecting point was cut at the base of the ear as
illustrated in Fig. 1. The cut surface was immersed in sterile
Hanks’ balanced salt solution containing penicillin (400 U/ml)
and streptomycin (200 pg/ml) for 10 min. A small incision was
made in the marginal vein, and a polyethylene cannula (poly-
ethylene tubing Intramedic No. 7405, Clay-Adams, Div. Becton,
Dickinson & Co., Parsippany, N. J; i.d. 0.015 inches, 0.d. 0.043
inches) with a beveled edge was inserted and pushed ~1 c¢m into
the vein. Blood was flushed from the vascular network of the ear
with ~2 ml of an isotonic salt solution (GKN) pH 7.2 (per liter:
I g glucose, 8 g NaCl, 0.4 g KCI). This was replaced with GKN
containing 1% trypsin (ICN Pharmaceuticals, Inc., Life Sciences
Group, Cleveland, Ohio), and the cannulated ear was placed in
a large petri dish and incubated at 37°C for 50 min. After
removal of the ear from the incubator, ~1 ml (15-25 drops) of
trypsin solution was perfused gently through the ear vasculature.
The perfusate was collected in a centrifuge tube containing 2 ml
of minimal essential medium (MEM) (Grand Island Biological
Co. [GIBCO] Grand Island, N. Y.) containing 10% calf serum
(Irvine Scientific Co., Santa Ana, Calif.) and antibiotics as shown
in Fig. 1, and the ear was returned to the incubator for an
additional 30-min incubation after which the collection of cells
was repeated. The cells released from several ears were pooled
and collected by centrifugation, resuspended in MEM containing
10% rabbit serum, penicillin (200 U/ml), and streptomycin (100
pg/ml), and plated onto 35 X 10 mm plastic petri dishes (Lux
Scientific Corp., Newbury Park, Calif.) at a cell density of ~1 to
3 x 10* cells/dish.

Subcultivation

Primary cultures which achieved at least 50% confluence
within 2 wk were used for subculture. Cells were released from
the petri dish surface by incubation with 0.1% trypsin, 0.33%
EDTA in phosphate-buffered saline (PBS), pH 7.3 (per liter: 8 g
Na(Cl, 2 g KCl, 1.15 g Na,HPO,, 0.2 g KH>PO,) for 4 min at
37°C, dispersed by gentle agitation with a Pasteur pipette, and
collected by centrifugation at 800 g for | min. The cells were
resuspended in MEM with 10% rabbit serum with antibiotics and
plated at a cell density of 5-10 X 10* cells/35-mm petri dish. As
subcultured cells approached confluence, they were further seri-
ally cultivated using the procedure described above.

Cell Identification

OTHER CELL TYPES

For morphologic comparison, rabbit epidermal keratinocytes
were isolated and grown in vitro as described by Liu and Karasek
(16). Fibroblasts were isolated from cell outgrowths of rabbit
skin organ cultures (3).

PREPARATION OF T1SSUE CELLS FOR
ELECTRON MICROSCOPY

Cells were released from the culture surface by incubation
with 0.1% trypsin, 0.33% EDTA in PBS as described above for
subcultivation, resuspended in MEM with 10% rabbit serum (2.0

FIGURE 2 Attachment and growth of marginal vessel endothelium in primary culture. (4) 24 h after
plating; (B) day 3 in culture; (C) day 11 in culture. X 3,926.
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ml/dish), then fixed by the addition of 3.0 ml of 2.0% buffered
glutaraldehyde solution, pH 6.8 (9, 25). After centrifugation (1
min at 800 g), the cell pellet was covered with a layer of fresh
fixative. After rinsing in isotonic wash solution, the cell pellet
was postfixed in 1% osmium tetroxide for | h, dehydrated, and
embedded in Maraglas (Marblette Co., Div. of Allied Products
Corp., Long Island City, N. Y.) (5, 18). 1-um-thick sections of
the plastic-embedded preparation were stained with metachro-
matic dyes for examination by light microscopy (21). Ultrathin
sections stained with uranyl acetate and lead citrate were exam-
ined in a Siemens Elmiskop 101 (33).

Pieces of skin measuring 1-2 mm’ were removed from the
rabbit ear, immediately fixed in 2% phosphate-buffered glutar-
aldehyde solution (pH 6.8), and subsequently prepared for elec-
tron microscope examination as described above for the isolated
cells.

Cell Proliferation Studies

GROWTH REQUIREMENTS

SERUM TYPE AND CONCENTRATION: Freshly isolated or
first-passage serially cultivated rabbit marginal vessel endothelial
cells were suspended in MEM containing 10% heat-inactivated
rabbit serum prepared in the laboratory (see below) and plated
onto 35-mm plastic petri dishes at a plating density of { to 5 X
10° cells/dish. Cells were maintained in a humidified atmosphere
of 94% air, 6% CO, at 37°C. The medium was removed 24 h
later and the cells were refed with either the same medium or
MEM containing 10% calf or horse serum (Irvine Scientific Co.),
pooled human serum (see below), or rabbit serum (GIBCO). All
sera were heat inactivated at 56°C for 30 min. For other experi-
ments, cells were grown in MEM supplemented with 0.5, 2.0, or
10% rabbit serum. In all cases cells were fed twice weekly for 14
d. Growth achieved during this period was determined by count-
ing the cell number or by PO,” incorporation as described
below.

PLATELET-POOR SERUM: Platelet-poor serum (PPS) was
prepared from fresh rabbit blood carefully collected via heart
puncture in a chilled plastic syringe. The blood was immediately
cooled to 4°C and spun in a refrigerated centrifuge at 1,000 g for
10 min to sediment the blood elements. The plasma was removed
and further centrifuged at 4°C at 10,000 g for 10 min. The
plasma was decanted and clotting was initiated by the introduc-
tion of a glass stirring rod. PPS was squeezed from the fibrin clot
and filtered through a Millipore filter (Millipore Corp., Bedford,
Mass.) before heat inactivation at 56°C. Fresh rabbit blood
allowed to clot before removal of the blood elements was used as
the control rabbit serum in these experiments. The absence of
platelet factors in PPS was demonstrated by the failure of 3T3
cells to proliferate in the presence of PPS alone.

PLATELET EXTRACT: A platelet growth factor was prepared
from human platelets obtained from outdated platelet-rich
plasma no longer suitable for clinical use, by the method of
Antoniades and Scher (1). The protein content of this boiled
platelet extract was determined by the method of Lowry et al.
(14) and its activity quantitated by use of a 3T3 cell assay (20).
Addition of the platelet extract (1.5-3 ug protein) to cultures of

3T3 cells maintained in PPS was found to support the growth of
3T3 cells which failed to survive in PPS alone.

MEDIA: The growth of rabbit marginal vessel endothelium
in MEM supplemented with either serum or PPS was compared
to that achieved in Dulbecco’s modified essential medium
(DMEM).

FIBROBLAST GROWTH FACTOR: Fibroblast growth factor
(FGF) of bovine pituitary origin was kindly supplied by Dr.
Dennis Gospodarowicz (Cancer Research Institute, University of
California, San Francisco). The lyophilized FGF was dissolved
in MEM and diluted such that final concentrations of between
50 and 500 ng/ml culture medium were achieved.

DETERMINATION OF CELL
PROLIFERATION

cELL NUMBER: Endothelial cells were released from the
culture surface by brief trypsinization as described above for
subcultivation. The number of cells in an aliquot of the resulting
cell suspension was counted with a haemocytometer and a Nikon
inverted phase-contrast microscope.

INCORPORATION OF **p0,’": Primary and serially cul-
tured endothelial cells were incubated in complete medium con-
taining 2 pCi/mI*®PO,"" (carrier free, Schwartz/Mann Div., Bec-
ton, Dickinson & Co., Orangeburg, N. Y.). “PO,*” incorporation
into TCA-precipitable material was determined by scintillation
counting as described previously (16).

RESULTS
Isolation of Cells

At trypsin concentrations below 1%, few endo-
thelial cells were released even after extended (2-
h) incubation at 37°C. Trypsin infiltration of the
surrounding tissues was a COmMmOn OCCUITENCE,
resulting in the release of various other nonen-
dothelial cell types. The maximum yield of endo-
thelial cells essentially free of other cell types was
obtained after a 50-min incubation with higher
concentrations of trypsin solution (between 1 and
2% in GKN) followed by a further 30-min incu-
bation and a second endothelial cell harvest. The
percentage of nonendothelial cell types increased
markedly if the incubation time was extended.

Identification of Cells

PHASE MICROSCOPY

We could detect no morphological difference
between the cells harvested from the first and
second collections. In both cases, the majority of
the cells that settle down and attach within 24 h

FIGURE 3 A comparison of the typical in vitro morphology of confluent cultures of various cell types
from rabbit skin: (4) fibroblasts; (B) endothelial cells; (C) epidermal keratinocytes. X 4,640.

190

Tue JourNAaL ofF CELL BioLoGy - VOLUME 85, 1980






192 THe JourRNaL OF CELL BIoLoGY - VOLUME 85, 1980



FIGURE 5 Higher magnification of the Golgi complex showing W-P bodies in various stages of assembly.

N

The mature bodies tend to align near the cell membrane facing the vascular lumen (arrowheads). L,

vascular lumen. X 56,000.

was released as small cell sheets (Fig. 24) which
grew into circular colonies of closely apposed po-
lygonal cells with well-defined nuclei and indis-
tinct cell borders. This circular configuration
which was maintained throughout primary culture
(Fig. 2 B and C) differed markedly from the mor-
phology of rabbit dermal fibroblasts or epidermal

keratinocytes, Fig. 3). The long, spindle-shaped
fibroblasts (Fig. 3 4) grew in parallel arrays, con-
trasting with the cobblestone appearance of mono-
layer cultures of endothelial cells (Fig. 3 B). Epi-
dermal keratinocytes (Fig. 3 C) grew in multilay-
ered sheets and were smaller and more granular
in appearance than the larger endothelial cells.

FIGURE 4 Part of a venule lined by two endothelial cells. The numerous electron-opaque round and
elliptical bodies in the cytoplasm (between the nucleus and vascular lumen in these cells) usually occupied
by the Golgi complex are W-P bodies. These bodies are present in much smaller concentrations in the
attenuated parts of the endothelial cells (between the nuclei). L, vascular lumen. X 12,000. Inset: Higher
magnification showing a single, tangentially sectioned W-P body located in the attenuated cytoplasm of

an endothelial cell. x 82,000.
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FIGURE 6 (a) A primary culture (10 d in vitro) shows both W-P bodies in the Golgi zone and their
alignment near the cell surface. X 22,000. Inset: A section cut perfectly perpendicular to the long axis of
a W-P body shows the body substructure which includes parallel tubules in the electron-opaque matrix of
the core. X 190,000. (b) W-P body (arrowhead) in a cell of a subculture after 10 passages (5 mo in vitro).
X 68,000.

ULTRASTRUCTURE

IN TISSUE SECTION: The endothelial cells
lining the blood vessels of the rabbit ear, particu-
larly the venules, contained moderate numbers of
regular, rod-shaped structures, usually referred to
as Weibel-Palade (W-P) bodies. These organelles
were present singly in the attenuated parts of these
cells (Fig. 4, inset). However, most of these bodies,
often in clusters, were encountered in the perinu-
clear cytoplasm, usually in the vicinity of the Golgi
apparatus, which in these cells was present in a
bulging mass of cytoplasm between the nucleus
and the vessel lumen (Fig. 4). Another notable
feature was the propensity of W-P bodies to be
located in close proximity to the cell membrane
facing the vascular lumen, as demonstrated in Fig.
5. Although it was possible to determine the di-
ameter of the W-P bodies (0.1-0.2 ym), their mean
average length could not be accurately measured
as very few of them were found lying in their
entirety in the plane of an ultrathin section. Esti-
mates made from tangentially cut W-P bodies
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suggested that these structures were in excess of 2
pm in length.

IN CULTURED ENDOTHELIAL CELLS: In
primary culture and after 12 serial passages, the
cells retained the fine structural features exhibited
by endothelial cells in tissue sections (Fig. 6a).
The mitochondria did not change in appearance
and number, but there was an increase in the
number of cisternae, particularly of the rough
endoplasmic reticulum, and in the number of free
ribosomes. Microfilaments were conspicuous, par-
ticularly when they formed a dense, often bundled,
feltwork close to the part of the cell membrane in
contact with the culture vessel. Pinocytotic vesicles
and the Golgi apparatus remained prominent in
the cultured cells. Present in the vicinity of the
latter, but also frequently close to the outer cell
membrane, were W-P bodies. The W-P bodies of
rabbit cells had an electron-opaque core which, on
Ccross section, was seen to contain tubular substruc-
tures running parallel to the long axis of the body
(Fig. 6a, inset). Each of these tubules had an
electron-translucent center surrounded by a thin
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wall which is only slightly more electron-opaque
than the core matrix of the W-P body. The diam-
eter of these tubules, 8-16 of which are present in
each body, was ~200 A. The content of the W-P
bodies was separated from the cytoplasm by a unit
membrane-type envelope with little or no electron-
translucent space between it and the core. W-P
bodies were abundant in primary cell cultures, 5-
10 W-P bodies per section being found in all cells.
Their incidence decreased after repeated serial
cultivation, but W-P bodies with features and
dimensions as seen in endothelial cells in situ could
still be identified in cells after 10 serial passages
(Fig. 6). There were only one to two W-P bodies
per section of one of ten cells in these cultures. It
should be noted that one can obtain at least 100
sections per cell, but that the same W-P bodies
would of course also appear in more than one
section.

Cell Proliferation Studies

REQUIREMENTS FOR GROWTH IN
VITRO

SERUM TYPE: The growth of primary and first
passage subcultured cells in 10% heat-inactivated
rabbit serum (prepared in the laboratory), calf and
horse serum (Irvine Scientific Co.), and human
serum (blood bank) is shown in Fig. 7. All sera
supported proliferation of rabbit marginal vessel
endothelial cells, but growth in commercially
available rabbit serum failed to consistently equal
that seen in fresh rabbit serum; moreover, there
was considerable variability among batches. When
fresh rabbit serum (10% in MEM) was used rou-
tinely, the cells retained their characteristic endo-
thelial morphology for extended periods in culture.
With horse serum and with some batches of fresh
human serum, an increased number of lipoid gran-
ules (as occur at higher rabbit serum concentra-
tions) appeared.

SERUM CONCENTRATION: The rate of
growth of marginal vessel endothelial cells was
dependent upon serum concentration (Fig. 8). In
0.5% serum, the cells failed to proliferate but re-
mained in a quiescent state (at least for 14 d), as
growth could be stimulated by the return to higher
serum concentrations. The rate of cell proliferation
increased with increasing serum concentration to
a maximum in 10% serum, at which a population
doubling time of between 72 and 96 h for first-
passage cells was achieved. Higher serum concen-
trations (20-30%) did not further stimulate prolif-
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FiGURe 7 The proliferation rate of marginal vessel
endothelial cells in various sera is compared. (O) 10%
Rabbit serum, (O) 10% human serum, (A) 10% calf
serum, (@) 10% horse serum.

eration. The rate declined and dark lipoid granules
(positive to oil red O stain) were formed and filled
the perinuclear region.

MEDIA: There was no significant difference
between the proliferation rate of rabbit marginal
vessel endothelium in MEM or DMEM. The sim-
pler medium MEM was used routinely thereafter.

PLATING DENSITY: Freshly isolated endo-
thelium suspended in MEM with 10% rabbit serum
was plated into 16-mm wells at various cell den-
sities from 0.5 to 15 times those routinely used.
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FIGURE 8 Growth of rabbit marginal vessel endothe-
lium (first-passage subculture) at various rabbit serum
concentrations. 0.5% Serum (O—0O, A~==A4), 2% serum
(O---0O, A~ - -A), and 10% serum (O-O, A-A).

The plating efficiencies were above 80%, and the
degree of cell confluence at 24 h corresponded to
the plating density. The relative rate of growth
was maximal at the “normal” plating density,
declining for both the two highest (15 and 7.5 X
normal) and the lowest (0.5 X “normal”) plating
densities. No other differences in the cell mor-
phology or growth pattern of cells plated at the
different cell densities were noted.

PROLIFERATION RATE IN WHOLE SERUM:
The growth of primary and first-, second-,
fourth-, and twelfth-passage endothelial cells in
10% rabbit serum is compared in Fig. 9. Exposure
of primary cells to 0.1% trypsin and 0.33% EDTA
to produce the first-passage cells stimulated the
proliferative rate so that the population doubling
decreased from ~3 d (rate seen after an initial lag
period) to ~72 h. Thereafter the rate of prolifera-
tion decreased with each successive subculture and
increased length of time in culture. Cells main-
tained in culture for 6 mo (twelfth passage) still
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contained W-P bodies but the cells failed to pro-
liferate.

pps: Rabbit marginal vessel endothelium was
found to proliferate in MEM supplemented with
10% PPS. The growth was not so rapid as in a
comparable concentration of serum (Fig. 10). In-
creasing the PPS concentration did not increase
the rate of growth. Cells maintained in PPS failed
to reach confluence, and the cell number began to
decline after 10 d in culture.

PLATELET EXTRACT: The addition of plate-
let extract, 0.5 ml (15.0 pg protein/ml culture
medium), to cells maintained in PPS increased the
rate of growth above that in PPS alone (9 X 10*
cells/dish on day 6 of culture, compared to 5 X
10* cells/dish in PPS alone). Early in the culture
period this growth rate approached that seen in
whole serum (10 x 10* cells/dish) on day 6. How-
ever, the addition of platelet extract failed to ex-
tend the proliferative period for cells maintained
in PPS, and by day 9 growth in PPS plus platelet
factor had fallen to 11 x 10* cells/dish compared
to 21 X 10* cells/dish in whole serum.

FGF: FGF (50-500 ng/ml) failed to consist-
ently stimulate the growth of rabbit marginal ves-
sel vascular endothelium maintained in whole se-
rum or PPS. In contrast, FGF (10-50 ng/ml)
stimulated the rate of growth of quiescent 3T3
cells.

DISCUSSION

The findings presented in this report show that
viable endothelial cells may be isolated from the
rabbit marginal vein, artery, and capillary network
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FiGURE 9 Comparison of the proliferation rate of rab-
bit marginal vessel endothelium in primary (ENP), first
(ENS)), second (ENS2), fourth (ENS.), and twelfth
(ENS\,) serial passage.

THE JOURNAL OF CELL BIOLOGY - VOLUME 85, 1980



14r- ®

12—
10% RABBIT SERUM

- 1or—
7}
a
I sk '
g /
L3 ,/
«c /
£ T /
S /{ 10% RABBIT PLATELET
3 POOR SERUM
3 /
= /
© o /
//
2 /
.4
<~
| | 1 | 1
% 2 4 6 8

DAY AFTER PLATING

FIGURE 10 The reduced rate of growth of endothelial
cells from the rabbit marginal vessels in platelet-poor
plasma is compared to that seen in complete serum.

and maintained in vitro for periods up to 6 mo.
These cultured endothelial cells grow to form col-
onies of large, polygonal cells with well-defined
nuclei and indistinct cell borders similar to those
seen for other types of endothelium in vitro (8, 10,
13, 17). Cell monolayers have a regular, cobble-
stone appearance. In comparison, fibroblasts and
smooth muscle cells grow as parallel arrays of
long, spindle-shaped cells. Epidermal keratino-
cytes form multiple layers of smaller, more cuboi-
dal and granular cells that characteristically slough
layers of flattened, mature “keratinized” cells.
Electron microscopy was used to monitor the
composition and structural integrity of the cells
collected from the rabbit vessels and, more impor-
tantly, their adaptation to growth in vitro. Fortu-
nately, endothelial cells possess a unique cytoplas-
mic marker, the W-P body (36). These are slender,
rod-shaped organelles of unknown function
which, to our knowledge, occur only in endothelial
cells of vertebrates; they are present in the endo-
thelium of veins, capillaries, arteries, and endocar-
dial cells (7, 27). In tissue sections, W-P bodies are
found in highest concentration in the Golgi region
of the endothelial cell. They appear in lesser num-

bers close to the cell membrane facing the vascular
lumen and are sparse in the membranous parts of
an endothelial cell. These preferential locations of
W-P bodies are remarkably similar to those ob-
served in cells growing in vitro, even after multiple
passages, suggesting that they are assembled in the
Golgi apparatus before they move to a position
immediately beneath the cell surface. It should be
emphasized that we have never observed W-P
bodies in the process of merger with an outer cell
membrane or of being discharged from a cell, as
occurs with cell organelles in other cell types with
a specific function, such as exocrine, endocrine, or
neurotransmitter function. Our observations and
conclusions are in agreement with those of others
(2, 28).

Quantitation of W-P bodies in the numerous
subcultures that were examined was not carried
out, but a semiquantitative assessment of their
incidence was made on selected cultures and a few
cloned cell lines. After two and three passages the
majority of cells usually possessed several bodies
per cell. There was in general a progressive de-
crease in the number of W-P bodies per cell with
each successive serial cultivation, particularly after
the first six passages. However, it should be noted
that these organelles were still present in cells after
12 subcultures. The morphologic features of the
bodies in these long-term cultures were identical
to those in vivo, as was their distribution within a
cell.

We have determined some of the conditions
required for the growth of rabbit marginal vessel
endothelial cells in vitro. Cell growth in MEM was
not significantly different from that seen in
DMEM, the medium of choice for bovine aortic
endothelial cells in vitro (10). Thereafter, the sim-
pler medium, MEM, was used routinely. MEM
supplemented with 10% rabbit serum appears to
be the optimal growth medium. At higher rabbit
serum concentrations, dark lipoid granules accu-
mulate in the perinuclear region. These may be
similar to those observed in human endothelial
cells by Maruyama (17). The appearance of this
granular material is indicative of unsatisfactory
growth conditions, as the proliferation rate de-
clines and the cells become more vacuolated in
these cultures. PPS will support proliferation of
rabbit marginal vascular endothelial cells for a
limited period. A lack of response to serum growth
factors has been reported for human umbilical
vein endothelium in culture (12, 35), whereas 3T3
cells are known to be dependent on platelet-de-

DAvISON ET AL. Endothelial Cell Culture 197



rived growth factors (20). Rabbit marginal vessel
endothelium appears to require whole serum for
extended in vitro cultivation. Although this is
suggestive of a platelet factor requirement, addi-
tion of one type of platelet preparation, a crude
boiled extract, does not provide a serum substitute
for these endothelial cells. A more purified platelet
factor preparation (24) may be more effective. It
is, however, likely that the growth requirements of
the micro and small vessel endothelium may differ
from those reported for large vessel cells such as
human umbilical vein or bovine aortic endothe-
lium. The lack of response to FGF, a potent
mitogen for bovine aortic endothelial cells in vitro
(11), supports such a suggestion.
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