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Studies on Cultured Coronary Endothelial Cells 
S. NEES, B. WILLERSHAUSEN-ZÖNNCHEN, A. L GERBES, E. GERLACH 

Physiologisches Institut der Universi tät München 

S U M M A R Y 

Studies on Cultured Coronary Endo
thelial Cel ls 

A method was developed for isolat ion 
and cult ivat ion of endothel ia l cel ls f rom 
coronary vessels of guinea pig hearts. 
The cul tured cel ls revealed typical mor
phological cr i ter ia of endothel ia l cel ls 
in vivo. Except ional ly high contents of 
adenine nucleot ides (ATP, ADP, AMP) 
and of their degradat ives (adenosine, 
inosine, hypoxanthine) were found in 
conf luent endothel ia l cel l cul tures as 
determined by special ly e laborated 
HPLC techniques. Adenine nucleot ide 
levels were sl ightly in f luenced by the 
growth state of the cell cul tures and 
remained unchanged when cel ls were 
incubated for 3 days in pur ine-free me
dium. The cul tured coronary endo
thel ial cel ls proved to be sensit ive to 
lack of oxygen, as ev idenced by the 
fast breakdown of ATP concomi tant 
wi th an enhanced release of adenosine. 
Measurements of speci f ic act ivi t ies of 
enzymes involved in degradat ion and 
synthesis of adenine nucleot ides lend 
addit ional support to the view that an 
active adenine nucleot ide metabol ism 
is a characterist ic feature of coronary 
endothel ia l cel ls. 

Z U S A M M E N F A S S U N G 

Untersuchungen an Endothelzellen aus 
Koronargefäßen 

Es wurde eine Methode zur Isol ierung 
und Kult iv ierung von Endothelzel len aus 
Koronargefäßen von Meerschweinchen 
ausgearbei tet . Die in der Gewebekul tur 
gezüchteten Zel len zeigten die gle ichen 
morpholog ischen Eigenschaften wie En
dothelzel len in si tu. Durch quant i tat ive 
HPLC-Anaiysen wurde nachgewiesen, 
daß Endothelzel len aus konf luenten Kul 
turen außergewöhnl ich hohe Spiegel an 
ATP, ADP und AMP enth ie l ten; auch die 
Konzentrat ionen von Adenos in , Inosin, 
Hypoxanthin und Adenin waren relativ 
groß. Der Adenin-Nucleot id-Gehal t än
derte sich nur wenig in Abhängigke i t 
vom Wachstumszustand der Ze l lku l tu
ren; auch nach einer Inkubat ion von 
3 Tagen in Purin-freien Nährmedien 
bl ieben die Adenin-Nucleot id-Spiegel 
konstant. Es konnte gezeigt werden, 
daß Koronarendothelze l len sehr emp
f indl ich auf Sauerstof fmangel mit e inem 
raschen ATP-Abbau und einer geste i 
gerten Freisetzung von Adenosin in das 
Kul turmedium reagieren. Durch Akt iv i 
tä tsmessungen verschiedener kataboler 
und anaboler Enzyme des Aden in -Nu-
cleot id-Stoffwechsels ergaben sich we i 
tere Hinweise, daß sich gezüchtete Ko
ronarendothelzel len durch einen beson
ders akt iven Adenin-Nucleot id-Stof f -
wechsel auszeichnen. 

R E S U M E 

Recherches sur des cellules endothe
liales des vaisseaux coronaires du 
coeur 

Une methode d' isolat ion et d 'e levage 
des cel lu les endothel ia les d 'or ig ine co -
ronaire du cobaye a ete developpee. 
Toutes les cel lu les, elevees en cu l tu re 
de t issus, montraient les propr ietes 
morpho log iques typiques des cel lu les 
en si tu. L'analyse quant i tat ive HPLC 
des cul tures conf luentes prouvait un 
contenu ext raord inai rement £lev£ des 
nucleot ides d 'adenine et de leurs p ro -
duits de degradat ion, qui ne dependai t 
que peu de l'otat de croissance et du 
contenu de purines du mil ieu a l imen-
taire. Une sensibi l i te remarquable des 
cel lu les endothel ia les coronai res au 
manque d 'oxygene, une degradat ion s i -
multanee rapide du t r iphosphate d'ado-
nosine et une l iberat ion augmentee 
d 'adonosine pouvaient etre montrees. 
Le mesurage des activi tes enzymat i -
ques de plusieures enzymes ca tabo-
l iques et anabol iques du metabo l isme 
des nucleot ides d 'ad£nine suppor te 
notre op in ion, que les cel lules endo 
thel iales d 'or ig ine coronaire, cul t ivees 
en cul ture de t issus, soient carac ter i -
sees par un metabol isme tres actif des 
nucleot ides d 'adonine. 

Introduction 

Although it is general ly accepted that endothel ial cells 
are involved in several biological processes (1—6) our 
knowledge about their intermediary metobol ism is ra th
er l imited. The possibi l i ty to cul ture endothel ial cel ls 
provides the opportuni ty to set up in vitro systems for 
studying certain aspects of their metabol ic and func
t ional propert ies. However, as yet exper ience wi th cu l 
tured endothel ial cel ls was only obtained wi th cel ls 
isolated f rom human umbi l ical vein (7) as wel l as f rom 

larger vessels of various animals ( 8 - 9 ) . To our know l 
edge suitable methods for isolation and cult ivat ion of 
coronary endothel ial cells have not been elaborated 
so far. 
Our interest in the coronary endothel ial cell type o r ig i 
nated f rom recent f indings of Schräder and Gerlach (10), 
who showed that in guinea pig hearts at least two dif
ferent adenine nucleot ide compartments exist. Both 
these compartments can contr ibute to the product ion 
of vasoactive adenosine, which is considered to play 
an important role in the metabol ic regulat ion of co ro -
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nary b lood f low. Since the coronary endothel ium might 
const i tute one of the adenine nucleot ide compartments 
it seemed promis ing to develop adequate methods for 
the isolat ion and cult ivat ion of coronary endothel ial 
cel ls and to study some pert inent features of their 
adenine nuc leot ide metabol ism. 

Materials and Methods 

Culture medium Μ 199, feta! calf serum (mycoplasma 
tested and virus screened), streptomycine-penic i l l ine-
solut ion and L-glutamine were purchased from Sero-
med, München. Crude col lagenase (CI. histolyt icum) 
type II and trypsin were obtained f rom Worth ington 
Biochemical Corporat ion, Freehold, N.J., USA. Reagents 
for f ixat ion and embedding t issue samples prior to 
e lect ron microscopy (glutaraldehyde; osmiumtetrox ide; 
epon 812; 2,4,6-tr i (dimethylaminomethyl)phenol; dode-
cenyl succ in ic acid anhydr ide; methylnadic anhydride) 
were obta ined f rom Serva, Heidelberg. Nucleot ides, 
nucleosides and bases for cal ibrat ion were purchased 
from Boehr inger Mannheim, all other chemicals of 
highest avai lable purity f rom Merck, Darmstadt. Sub
st i tuted si l ica co lumn packings (Nucleos i l -NH 2 and 
Nucleosi l-Cia) for HPLC were obtained f rom Macherey 
und Nagel , Düren. 

Preparation of cells and cell culture: Guinea pig hearts 
were cannulated through the aorta and the coronary 
system washed free of b lood was f i l led with an isotonic 
buffer solut ion conta in ing col lagenase and trypsin 
(0.1 % each). After an exposure of 20 min perfusion was 
started again and all endothel ia l cells which had been 
detached were col lected f rom the perfusate by centr i -
fugat ion. Subsequent ly, the cel ls were washed wi th cu l 
ture medium (M 199, contain ing 60 mg penici l l ine and 
120 mg st reptomycine per liter, supplemented wi th 2 0 % 
fetal calf serum [FCS] and 2 mM glutamine and 
seeded in cul ture dishes. Cult ivat ion was performed at 
40° C in a humidi f ied air atmosphere contain ing 3 % 
C 0 2 . Conf luency of the cell cul tures was reached after 
2 to 4 weeks. 

Transmission electron microscopy: Cultured cel ls were 
f ixed for 1 h in 2 . 5 % glutaraldehyde, 0.09 Μ cacodylate 
buffer (pH 7.4), 5 % sucrose, postf ixed in 1 % O s 0 4 for 
1 h, stained wi th a saturated solut ion of tungsten phos
phoric ac id and uranylacetate in ethanol-water 75 :25 
(v/v), dehydrated wi th ethanol and embedded in epon 
812. 

Scanning electron microscopy: Cells were f ixed as 
decr ibed before. After dehydrat ion in ethanol they were 
cr i t ical -point dr ied and shadowed wi th go ld. 

Analysis of nucleotides, nucleosides and bases: Mono
layers of endothel ia l cel ls in cul ture dishes were extrac
ted wi th 0.4 Ν perchloric ac id . Separat ion of the dif
ferent pur ine compounds in the neutral ized cell extracts 
was carr ied out by appl icat ion of HPLC (Varian 8500) 
using weak anion exchange columns for the separat ion 
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of nucleot ides and reverse phase columns for nucle
osides and bases. The concentrat ions of the individual 
metabol i tes in the eluates were cont inuously recorded 
using a sensit ive UV-detect ion device (Varian UV-Vis 
detector „Var iscan") . 

Determination of enzyme activities: Specif ic activit ies 
of enzymes involved in nucleot ide metabol ism were 
measured in a 200 χ g membrane preparat ion as wel l as 
in a soluble 200 000 g supernatant f ract ion of endo
thelial cel ls. Enzyme assays were performed using 
standard procedures. Substrates and products of the 
enzyme catalyzed reaction were separated by HPLC. 

Results and Discussion 

Growth behaviour and cytology: As was revealed by 
scanning electron microscopy the endothel ial cel ls were 
selectively detached f rom their basement membranes 
dur ing the exposure of the coronar ies to t rypsin-
col lagenase solut ion. The coronary perfusate sub
sequently col lected contained small c lumps of rounded 
cel ls. After seeding in complex cul ture medium the cel ls 
attached to the substratum with in 24 h. The clusters of 
cel ls increased in size and gradual ly coalesced to form 
monolayers after 2 to 4 weeks. Primary cul tures con
sisted of about 9 8 % endothel ial cel ls, contaminated 
with about 2 % f ibroblasts and smooth muscle cel ls. 

Selected conf luent cultures of guinea pig coronary 
endothel ial cells could be serially subcul tured and main
tained for at least 4 months. Primary and subcul tured 
cells appeared similar wi th respect to shape and typical 
t ight packing in a str ict monolayer. The generat ion t ime 
of coronary endothel ial cells in cul ture dur ing the 
logari thmic phase of growth (G-i phase) turned out to 
be 18 h, and was thus very similar to that of aort ic 
endothel ial cells in vivo after art i f icial wounding of the 
int ima (11). Addi t ion of thrombin in physiological con
centrat ions to the culture medium (1 μg/ml) resulted in a 
marked reduct ion of the generat ion t ime to 16 h, and 
accelerated DNA-synthesis in resting cel ls (G 0 phase) 
by more than 3 0 % . 

Phase contrast and interference microscopic pictures 
of endothel ial cul tures (Figure 1a and 1b) demonstrate 
that the individual cells were of uniform appearance: 
elongated (20 -30 μηη wide, 5 0 - 8 0 μΐη long), wi th single 
ovoid nuclei containing 2 to 3 nucleol i and surrounded 
by a perinuclear granular region and a broad peripheral 
cytoplasm with dist inct borders. The granules consisted 
mainly of mitochondria, as could be shown by use of 
specif ic staining techniques (Janus green); they did not 
contain neutral l ipids (no staining with oil red O). 

Ultrastructural analysis of the cytoplasm of cul tured 
and in vivo coronary endothel ial cells by use of elec
t ron microscopy revealed a high degree of conformity. 
As can be seen f rom the transmission electron micro
graph in Figure 1c the cytoplasm of cul tured cells con
tained large numbers of vesicles, clusters of long and 
unbranched mitochondria, smooth and rough endo-
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Figure 1 : 
Cultured coronary endothel ial cel ls : a) Phase contrast micro
g raph ; b) interference micrograph accord ing to NGMARSKI ; 

c) t ransmission electron mic rograph ; d) scanning e lectron 
micrograph. 

plasmic ret iculum, and abundant numbers of f ine and 
coarse f i laments. Weibel-Palade bodies, typical markers 
of endothel ial cells f rom greater blood vessels, were 
seldomly found; therefore, the cel ls in cul ture or iginat
ed mainly f rom small vessels. 

In scanning electron micrographs (Figure 1d) the cu l 
tured endothel ial cells appeared as homogenous flat 
cells wi th prominent nuclei and wi th numerous blebs 
and pits in or near the surface, especial ly in the peri-
nclear region. Many bundles of thick f i laments could be 
detected which connect different parts of the cytoplasm 
with the cell mebrane and which might be involved in 
the regulation of size and shape of the cells. 
Al l these morphological f indings indicate that the cu l 
tured coronary endothel ial cells do not differ f rom the 
respective cells in vivo. This view could be further sub
stantiated by studies of the gelelectrophoret ic cytosol ic 
protein pattern of freshly isolated coronary endo
thel ium and of cul tured cells, which proved to be very 
similar. 

Some features of adenine nucleotide metabolism in 
coronary endothelial cel ls: In Table 1 mean values f rom 
three individual series of analyses concern ing contents 

Table 1 : 
Content of adenine nucleot ides and their dephosphory lated 
degradat ives in conf luent coronary endothel ia l cel ls and in 
myocardia l t issue of guinea pigs. Mean values f rom three ana
lyses, in each of which 30 mg endothel ia l cel ls were extracted. 

Endothel ia l cel ls Myocard ium 
nmoles/g nmoles/g 

ATP v 11 960 4 280 
ADP 2 760 1 050 
AMP 630 160 
Σ ATP, ADP, AMP 15 350 5 490 
Adenos ine 87 2 
Inosine 100 1.2 
Adenine 60 0.5 
Hypoxanthine 50 0.9 

66 



FOLIA ANGIOLOGICA / Vol . XXVIII / 1/2/3/80 

of adenine nucleot ides and their dephosphorylated de-
gradat ives in non-growing conf luent endothel ial cell 
cu l tures ( G 0 phase) are l isted. For reasons of compar i 
son respect ive data determined in normoxic myocardial 
t issue are also given. It is obvious that endothel ial cells 
conta in extraordinar i ly high amounts of ATP, ADP and 
AMP. The sum of the adenine nucleot ides ( Σ ATP, ADP, 
AMP) reaches wi th more than 15 μηηοΙβ8^ a value which 
is about three t imes higher than the total adenine 
nuc leot ide content of cardiac t issue. It shall be empha
sized that to our knowledge comparably high values of 
adenine nucleot ides have not been reported so far for 
any other mammal ian t issue. 

Another interest ing feature of endothel ial cel ls concerns 
the high levels of adenine nucleot ide degradat ives. As 
can be seen the contents of adenosine, inosine, adenine 
and hypoxanth ine are about 1 to 2 orders of magni tude 
higher than the respective values for these compounds 
in the myocard ium. 

Addi t iona l exper iments revealed that growth state of 
the cel l cu l tures did not profoundly inf luence the total 
content of adenine nucleot ides. As could further be 
shown, incubat ion of conf luent cell cul tures in purine 
free media for three days did not result in any detect
able reduct ion of the adenine nucleot ide content. On 
the other hand, endothel ial cel ls proved to be sensit ive 
to lack of oxygen. Brief periods of anoxic incubat ion 
(1.5 and 3 min, respectively) caused a pronounced 
decrease of ATP ( 1 8 % and 2 7 % , respectively) and an 
increase in ADP and AMP levels. Simultaneously, re
markable amounts of adenosine were formed and re
leased f rom the cel ls into the incubat ion medium 
(107 nmoles/g and 218 nmoles/g, respectively). Obvious
ly, energy product ion f rom anaerobic glycolyt ic pro
cesses was not suff icient to prevent the breakdown of 
nucleot ides. 

In Table 2 activity values of enzymes are l isted which 
are di rect ly or indirect ly involved in degradat ion and 

Table 2: 
Enzyme act iv i t ies in cu l tu red coronary endothel ia l cel ls and in 
card iac t issue f rom guinea pigs. 

Speci f ic activity (nmoles/min-mg) 
Endothel ia l Cardiac 

cel ls t issue 

5 ' -Nucleot idase 
(E.C. 3.1.3.5) 95 13.6 
A lka l ine phosphatase 
(E.C. 3.1.3.1) 14.6 24 
AMP deaminase 
(E.C. 3.5.4.6) 1.1 2.2 
Adenos ine deaminase 
(E.C. 3.5.4.4) 3.4 28 
Glu-6-P-dehydrogenase 
(E.C. 1.1.1.49) 12.7 4.2 
PRPP synthetase 
(E.C. 2.7.6.6) 6.58 1.9 
APR-transferase 
(E.C. 2.4.2.7) 0.7 0.2 
GPR-transferase 
(E.C. 2.4.2.8) 0.3 0.1 
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synthesis of adenine nucleot ides. Again for reasons of 
compar ison respective f igures are included for myo
cardial t issue. The fo l lowing f indings deserve part icular 
at tent ion: While 5'-nucleotidase activity in endothel ial 
cel ls exceeded by far that of myocardial t issue, the 
activity of adenosine deaminase proved to be much 
higher in the myocardium. This pattern of enzyme 
activit ies may reasonably explain that adenosine is pre
sent in endothel ial cells in rather high amounts com
pared wi th the small quanti t ies of this nucleoside in the 
myocard ium. Surthermore it is evident f rom the data in 
Table 2 that the activit ies of giucose-6-phosphate-de-
hydrogenase (Glu-6-PDH) and ribose phosphate pyro-
phosphonkinase (PRPP-synthease) are much higher in 
endothel ial cells than in cardiac t issue. Lince these en
zymes are known to be involved in the generat ion and 
uti l izat ion of r ibose -5-phosphate, an essential interme
diate in nucleot ide synthesis ,it can be concluded that 
coronary endothel ial cells possess a pronounced po
tency for nucleot ide synthesis. As a matter of fact, we 
could demonstrate in prel iminary experiments using 1 -
1 4 C-glyc ine and 1 4 C-labeled purine bases that nucleot ide 
synthesis in endothel ial cells proceeds via salvage and 
de novo pathways. 

From all our f indings it is evident that coronary endo
thel ial cel ls are characterized by a very active adenine 
nucleot ide metabol ism. It is not yet possible, however, 
to decide whether the coronary endothel ium in vivo can 
be actually regarded as important source for the release 
of adenosine f rom the heart. 
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