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ABSTRACT. Endothelial cells of the human umbilical blood vessels are widely cultured in an oxygen tension
(21%) far above that in which they exist in vivo (3%). This study investigates the effect of the long term culture
(ca. 1 month) of human umbilical artery endothelial cells in a reduced oxygen environment (3%: HUAEC3) in
comparison to cells grown in a ‘normoxic’ environment (21%: HUAEC21). Despite reports of altered metabolic
pathways and reduced membrane integrity in other cell types, the characteristics of HUAEC3 were found to be
similar to those of HUAEC21 with respect to morphology, immunocytochemical profile and in vitro growth rates.
Cellular glutathione was maintained in these cells although ATP levels in HUAEC3 were found to be
significantly lower than those observed in HUAEC21. The phosphoinositide responses of the HUAECS3 to a
variety of agonists were also found to be of similar magnitude to those observed in HUAEC21. In addition, the
pharmacological characteristics of the phospholipase C-linked histamine H, and P, , (P,(;) receptors were not

changed by culture of cells in a low oxygen environment.
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Endothelial cells taken from the blood vessels of the human
umbilical cord are used in many areas of research because of
the relative ease with which they can be isolated. However,
the vessels of the umbilical cord are unusual in that they
must remain patent in utero at a very low oxygen tension [1]
but retain the ability to close quickly and completely after
delivery when they are exposed to higher levels of oxygen
[2]. These endothelial cells therefore survive in utero at an
oxygen tension far below the 21% atmospheric oxygen in
which they are routinely grown in culture [3, 4].

On the fetal side of the placenta the oxygen tension
(pO,) in the human umbilical artery is approximately 16
mmHg [1] which would be considered to be severely
hypoxic in other vascular beds. Studies involving endothe-
lial cells from various vascular beds have revealed that the
glucose transporter GLUT-1 [5], platelet derived growth
factor B chain [6], endothelin [7], vascular endothelial
growth factor [8], and constitutive nitric oxide synthase [9]
can be induced by hypoxia. There is also an increase in the
expression of genes encoding a group of five proteins that
are distinct from heat shock proteins known as hypoxia
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associated proteins (HAP [10])§, one of which has been
identified as glyceraldehyde-3-phosphate dehydrogenase
[11]. However, it is unclear at the present time whether or
not intracellular signal transduction mechanisms are al-
tered at low oxygen tensions. Exposure of endothelial cells
to reduced environmental oxygen levels leads to alterations
in many membrane-dependent functions which may be a
consequence of alterations in membrane phospholipids [12,
13]. For example, it has been shown that changes in
cyclooxygenase metabolism in aortic and pulmonary arte-
rial endothelial cells exposed to acute and chronic hypoxia
can, in part, be explained by alterations in membrane
phospholipids and/or membrane phospholipase activity [14,
15].

The human umbilical artery is devoid of innervation [16,
17] and therefore control of the vessel’s tone is predomi-
nantly mediated via the release of vasoactive substances
produced locally or conveyed through the blood stream.
The endothelial cells of the human umbilical vessels play
an important role in the control of vascular smooth muscle
tone via the production of prostacyclin [4, 18], endotheli-
um-derived relaxing factor (NO [19]) and endothelin [7].
We have previously demonstrated that several agonists,

§ Abbreviations: BPAEC, bovine pulmonary artery endothelial cells; CHO
cells, chinese hamster ovary cells; FCS, fetal calf serum; HAP, hypoxia
associated proteins; HUAEC, human umbilical artery endothelial cells;
HUAEC21, human umbilical endothelial cells grown at 21% oxygen;
HUAECS3, human umbilical artery endothelial cells grown at 3% oxygen.
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including histamine, ATP or thrombin can induce an
increase in phosphoinositide (PI) hydrolysis in human
umbilical artery endothelial cells (HUAEC [3]), which can
produce subsequent effects on intracellular calcium ion
mobilisation [20, 18] and the synthesis and release of the
arachidonic acid metabolite prostacyclin [21, 22]. There-
fore one of the aims of this study was to compare the
phosphoinositide responses induced by these agonists in
HUAEC grown at different oxygen tensions.

The vast majority of studies reporting cellular changes
have investigated the effects on cells of only short periods
of hypoxic exposure (6—48 hr [5, 7, 8, 11, 23]). In the light
of the changes observed in these reports we have evaluated
the integrity of HUAEC maintained for several passages in
a low oxygen environment. Here we describe the isolation
and long term maintenance of human umbilical arterial
endothelial cells in a 3% oxygen atmosphere. These cells
have been characterised with respect to their morphology,
immunocytochemical profiles, growth rates, cellular ATP
and glutathione levels, and phosphoinositide responses.
These properties have been compared to those obtained
from HUAEC grown in a 21% atmosphere from isolation.

MATERIALS AND METHODS
Chemicals

Collagenase (Type II) and trypsin were obtained from
Worthington Biochemicals. Myo[’H]inositol was from
NEN Life Science Products. Human serum and endothelial
cell growth supplement were obtained from Advanced
Protein Products. All other chemicals and antibodies were
obtained from the Sigma Chemical Co.

Cell Culture

Human umbilical artery endothelial cells were isolated
essentially as described previously [3]. Briefly, lengths of
umbilical cords obtained after delivery were cannulated at
both ends using cut down vessel dilators. The artery was
then washed with isotonic saline solution to remove red
blood cells and filled with 0.5 mg/mL collagenase (type 1I)
in medium 199 at 37°. The umbilical cord was then
incubated in a saline bath maintained at 37° for a further 5
min. Endothelial cells were then removed from the artery
by flushing through with medium 199 which was then
placed in an equal volume of foetal calf serum. The cell
suspension was centrifuged for 10 min at 100 X g and the
resulting pellet was re-suspended in 5 mL of medium 199
containing 10% human serum, 10% fetal calf serum, 2 mM
glutamine, 20 pg/mL endothelial cell growth supplement,
90 wg/mL heparin, 100 U/mL penicillin G, 100 wg/mL
streptomycin and 250 ng/mL amphotericin B. Cells were
then grown in either a 21% O, (HUAEC21) or a 3% O,
(HUAEC3) environment maintained at a humidified 37°
with 5% CO,. All other manipulations of HUAEC3 were
performed in a custom built low oxygen microbiological
safety cabinet which provides an atmosphere of 3% O, by
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displacement with nitrogen gas. Media for HUAEC3 was
pre-gassed in a 3% O, environment for several hours before
use. Confluent flasks were passaged using 0.05% trypsin in
versene (Glasgow formula) into the above media without
the antibiotics. A split ratio of 1:3 was used for routine
passage and all flasks and multi-well plates were coated with
1% gelatin before use. Characterization was performed on
cells at passages 3 and 4 only.

Immunocytochemical Analysis

Indirect immunocytochemistry was used to confirm the
identity of the endothelial cells. Briefly cells were grown on
22 mm X 22 mm glass coverslips in medium 199 containing
10% human serum, 10% foetal calf serum, 2 mM glutamine,
25 mg/mL endothelial cell growth supplement and 90
pg/mL heparin until confluency. Cells were then washed
(3 X 5 min in phosphate buffered saline, (PBS) and fixed
for 10 min at —20° in ice cold methanol. Coverslips were
then washed again (3 X 5 min in PBS) and incubated for
30 min with 10% FCS in PBS at room temperature.
Polyclonal antibody to von Willebrand factor made up in
10% FCS in PBS or a control solution of 10% horse serum
in PBS was then incubated with the cells overnight at 4°.
Cells were again washed (3 X 5 min in PBS) and exposed
to the second layer of fluorescein isothiocyanate-conju-
gated goat anti-rabbit antibody (1:20 in 10% horse serum in
PBS). Cells were viewed under a Zeiss epifluorescet pho-
tomicroscope 111 using the 487710 filter set.

Growth Characteristics

Replicate numbers of HUAEC3 or HUAEC21 (1.4 x 10*
cells/cm?) were plated out into 6-well plates and cell
numbers were estimated in triplicate on days 0, 2, 4, 6 and
8 using a fluorimetric DNA assay. During this time period
cells were fed daily by a complete medium change. This
method was a modification of that used by Karsten and
Wollenberger [24] and is based on the linear relationship
between the fluorescence of ethidium bromide when bound
to DNA and the concentration of DNA present in the
sample within the range of 0-20 wg/mL. A standard curve
was constructed for each assay performed using calf thymus
DNA at concentrations ranging from 0-20 wg/mL in
phosphate buffered saline (PBS) containing 20 pg/mL
pronase. Samples for assay were prepared in the following
way. 1.0 mL of pronase (36 wg/mL in PBS) was added to
each well and then incubated at 37° for 30 min to detach
the cells from the plastic. Cell suspensions from each well
were then transferred into individual tubes and the remain-
der of the assay was performed on ice. Wells were rinsed
with 800 wL of PBS which was transferred to the corre-
sponding tube and the cells were homogenized for 30
sec/well using a Polytron homogenizer with a 7 mm probe.
Duplicate aliquots of 800 L of standard DNA solutions or
the prepared samples were placed in polystyrene tubes for
assay. To each tube, 100 pL ribonuclease A (125 pwg/mL in
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PBS) and 100 wL pronase (115 pwg/mL in PBS) were added.
The tubes were then vortex mixed and incubated in a
sliding water bath at 37° for 1 hr. Following incubation, 500
pL of ethidium bromide (15 wg/mL in PBS) was added to
each tube and again vortex mixed. The fluorescence of all
the standards and samples was measured on a Perkin Elmer
SP2 fluorimeter (540 nm excitation:590 nm emission).
DNA concentrations of the samples were calculated by
linear regression analysis of the DNA standards.

Determination of Cellular ATP Content

HUAEC3 or HUAEC21 were plated out at a cell density of
1.4 X 10* cells/cm? into 24-well plates and grown until day
4. Media was removed from the cells which were then
washed gently with 1 mL PBS. Cellular ATP was extracted
from the cells by addition of 1 ml perchloric acid (3% v/v)
to each well and placing the plates on a rolling platform for
30 min. Acid extracts were then transferred to Eppendorf
tubes and neutralised with approximately 120 pL of alkali
(7.5M KOH/50 mM K,HPO,) and spun for approximately
15 sec in a microfuge. One hundred L of supernatant was
removed and mixed with 200 wL of 0.05M Tris pH 7.7/4
mM MgSO,. Samples were then stored at this stage in
liquid nitrogen for up to 3 weeks before determination of
ATP content. Cellular ATP was measured by biolumines-
cence in an LKB Wallac 1250 luminometer as instructed in
the LKB Wallac ATP monitoring kit.

Measurement of Cellular Glutathione Levels

HUAEC3 or HUAEC21 were plated out at a cell density of
1.4 X 10* cells/em? into 6-well plates and grown until day
4. At this point cells were washed three times with PBS and
then 0.5 mL sulphosalicylic acid (SSA; 15% w/v) was
carefully added to each well and gently mixed. The SSA
extracts were then transferred to polypropylene tubes and
stored at —20° until assay according to the method of
Saville [25]. Briefly, 200 pL samples from each extract were
taken, mixed with 50 pL solution A (1 volume sodium
nitrite 1.2 mg/mL in H,0:4 volumes 1 M sulphuric acid)
and left to stand at room temperature for 5 min. Twenty L
of ammonium sulphamate (10 mg/ml in H,O) was added to
each sample, mixed and allowed to stand for 2 min. This
was followed by the addition of 100 pwL of solution B (2
volumes sulphanilamide 69 mg/mL in 0.4 M HCI:1 volume
mercuric chloride 10 mg/mL in 0.4M HCI) and 125 pL of
naphthylethylenediamine (2 mg/mL in 0.4 M HCI) and the
colour allowed to develop for 10 min. Volumes of 200 pL
from each sample were transferred into wells of a 96-well
plate which was then read on a plate reader using a 570 nm
filter to measure and a 655-nm filter as reference.

Accumulation of [?H]Inositol Phosphates

In order to measure the production of total [H]inositol
phosphates, HUAEC3 or HUAEC21 were grown to con-
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fluency in 24-well plates. Cells were then incubated for 24
hr at 37°C with myo[’H]inositol (1 pCifwell) in 0.3 mL
medium 199 supplemented with 1% FCS, 1% human serum
and 2 mM glutamine. The media was then removed and
cells were washed twice in 1 mL/well Hank’s/yHEPES (9.76
g/L:20 mM, pH 7.4). Following this cells were incubated for
20 min at 37° in 290 nL Hank’s/HEPES containing 20 mM
lithium chloride. Where appropriate, antagonists were
added at the start of this incubation. Agonists were added
in 10 pL of Hank’s/HEPES with LiCl for incubation times
of 5 to 60 min. Stimulation was stopped by the removal of
agonists and the addition of 1 mL ice cold methanol/0.12 M
HCI (1:1). Assays involving HUAEC3 were performed
with pre-gassed Hanks/HEPES in the low oxygen microbi-
ological safety cabinet under a 3% oxygen environment.
Cells were left overnight at —20° before neutralisation with
25mM Tris:0.5M NaOH:H,O (11:1.2:34). Total inositol
phosphates were finally separated from free myo[’H]inositol
by anion exchange chromatography [26]. Tritium was
determined by liquid scintillation counting.

Data Analysis

Concentration response curves were fitted to a Hill
equation using the non-linear curve-fitting programme
INPLOT4 (Graphpad Software, CA). The equation
fitted was

Response = E,,, X D"/(D" + (ECsp)")

where D is the agonist concentration, n is the Hill
coefficient, ECs, is the concentration of agonist giving half
maximal response and E,_, . is the maximal effect. Apparent
dissociation constant (Kpy) of the receptor antagonist was
determined, assuming competitive antagonism, by one of
two methods; 1) from shifts in the agonist concentration-
response curves using the relationship

Kp = D/(Ky/K; = 1)

where D is the concentration of antagonist, K; is the
concentration of agonist producing half maximal response
and K is the concentration of agonist producing the same
response in the presence of antagonist; 2) using a modifi-
cation of the null method described by Lazareno and
Roberts [27]. Briefly, a concentration-response curve to
histamine was generated and a concentration (C; 100 uM)
of histamine was chosen which gave a response greater than
50% of the maximum histamine response. The 1C5, required
to reduce the response of 100 uM histamine by 50% was
then determined. The agonist concentration-response
curve was fitted to a logistic equation as described above
and a concentration of histamine identified which yielded
a response equivalent to 50% of 100 uM histamine (in the
absence of antagonist; C'). The apparent K, was then
determined from the relationship:

C/C, = IC50/KD +1
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FIG. 1. Human cultured umbilical artery endothelial cells,
grown in 3% oxygen, stained for von Willebrand factor by
indirect immunocytochemical methods. Cells were incubated
overnight at 4° with a polyclonal antibody to von Willebrand
factor before exposure to a second fluorescein isothiocyanate-
conjugated goat anti-rabbit antibody. Bar = 30 pm.

pKp values were calculated as —logK,. Statistical analysis
was performed by analysis of variance or unpaired t-tests.
Triplicate or quadruplicate determinations (i.e., separate
culture wells) were made in each experiment and, unless
otherwise stated, the mean * SE mean cited in the text
refer to the mean data obtained from n different experi-
ments using cell lines arising from different donors (i.e., n
represents n different cell lines).

RESULTS

Both HUAEC21 and HUAEC3 exhibited the typical
cobblestone morphology of endothelial cells for at least 4
passages. Confirmation of endothelial cell identity was
given by positive immunofluorescence staining of
HUAEC3 and HUAEC21 using the polyclonal antibody to
von Willebrand factor (e.g. Fig. 1). The growth rates of
HUAEC3 and HUAEC21 were very similar at passage 3 as
assessed by the DNA content of the wells (Fig. 2) reaching
the same level of cell density within the culture vessels.
HUAECS3 grown in a 3% oxygen environment maintained
a similar level of cellular glutathione (2.08 = 0.32 nmol/
10% cells) compared to that in HUAEC21 (2.60 + 0.30
nmol/10° cells), there being no statistically significant
difference between the two values (Table 1). However
cellular ATP levels were found to be significantly lower in
HUAEC 3 than in HUAEC21 (P < 0.05; Table 1).
Glutathione and ATP levels are expressed as nmol/10° cells
where cell numbers were estimated from the DNA content
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FIG. 2. Growth curves of HUAEC21 (®) and HUAEC3 (O)
over eight days. Cells were grown in 6-well plates and growth is
expressed as micrograms of DNA per well. Each point repre-
sents the mean = SEM from triplicate determinations in four
separate experiments using cells from different donors in each.
All cells were at passage 3.

found in replicate wells on the day of extraction (day 4)
assuming a DNA content of 5 pg per cell [28].

Agonist-Induced [?H]Inositol Phosphate Accumulation
in HUAEC

Figure 3 shows the effects of various agonists on phospho-
inositide hydrolysis in either HUAEC21 (Fig. 3a, b) or
HUAEC3 (Fig. 3c, d). Both HUAEC3 and HUAEC21
demonstrated an increase in phosphoinositide turnover in
response to 0.1 mM histamine, 1 mM ATP, 1 U/mL
thrombin or 20 mM NaF. The responses under the two
conditions were not significantly different from each other
for each of these agonists. Neither HUAEC3 or HUAEC21
responded to the smooth muscle spasmogens endothelin-1
(1 pM), bradykinin (1 wM) or angiotensin I (10 pM).
Very small responses were observed in HUAEC3 cells in
response to carbachol (I mM; P < 0.01; 2-way analysis of
variance) and 5-hydroxytryptamine (100 wM; P < 0.05)
which did not reach significance in HUAEC21 cells (Fig.
3).

TABLE 1. Cellular ATP and glutathione content of HUAEC3
and HUAEC21

Cell type  Glutathione nmol/10° cells  ATP nmol/10° cells
HUAEC3 2.08 £ 0.32 (N = 4) 144 = 14* (N =4)
HUAEC21 2.60 = 0.30 (N = 4) 21.6 = 2.0 (N = 4)

Values represent the mean *+ SEM in cells from four different donors at each oxygen
concentration. For each cell line (obtained from a separate donor) five (ATP) or six
(glutathione) replicate measurements were made. All cells were at passage 3. Human
umbilical artery endothelial cells were grown in a 3% (HUAEC3) or a 21%
(HUAEC21) oxygen environment as described in “Materials and Methods.” Cellular
glutathione and ATP were extracted four days after plating out cells.

*P < 0.05 vs. 21% oxygen.
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FIG. 3. Accumulation of total [*H]inositol phosphates in response to histamine (100 pM; HA), ATP (1 mM), carbachol (1 mM;
CCh), 5-hydroxytryptamine (100 uM; 5-HT), thrombin (1 U/ml; Thr), endothelin-1 (1 uM; ET-1), bradykinin (1 pM; BK), sodium
fluoride (20 mM; NaF), angiotensin II (10 wM; AII) or basal levels (B). Results are expressed as the fold response over basal in
HUAEC21 (a, b) or HUAECS3 (c, d). Data bars are the mean = SEM of quadruplicate determinations in four (a, b) or seven (c, d)
separate experiments using cells from different donors in each experiment. All cells were at passage 3. The mean basal values were
1715 £ 126 dpm (N = 8; 21% oxygen) and 1287 = 148 dpm (N = 14; 3% oxygen). *P < 0.01; #P < 0.05 with respect to basal

values (2-way analysis of variance with post hoc Newman—Keuls).

Characteristics of the Histamine-Induced Increase in
Phosphoinositide Turnover

The histamine (100 pM)-induced increase in PI turnover
in HUAECS3 increased steadily over the time period studied
(5-60 min) with a similar time course to that reported
previously in cells maintained in a 21% oxygen environ-
ment [3]. Histamine (0.1 wM-1 mM) produced a concen-
tration-dependent increase in the accumulation of [*H]-
inositol phosphates in both HUAEC3 and HUAEC21
(Fig. 4). The mean log ECs, (M) values obtained from these
data, =5.11 = 0.16 (HUAEC3; N = 7) and —5.25 = 0.11
(HUAEC21; N = 4), were not significantly different. The
histamine H; receptor antagonist, mepyramine (100 nM)
was found to produce parallel shifts of the histamine
concentration-response curves to higher concentrations in

HUAEC3 (Fig. 4a) and HUAEC21 (Fig. 4b) yielding
apparent pA, values of 8.39 = 0.08 (N = 7) and 8.27 *
0.33 (N = 4) respectively. The apparent pKp, for a series of
histamine H; receptor antagonists measured in HUAEC3
or HUAEC21 were determined from the inhibition of the
[PHlinositol phosphate response to 100 wM histamine (e.g.,
Fig. 5). These values for each antagonist are similar when
comparing the two cell conditions and are not significantly

different from each other (Table 2).

[?H]Inositol Phosphate Response to
P2-Purinoceptor Agonists

ATP, ATPyS and UTP produced a concentration-depen-
dent increase in the accumulation of [*H]inositol phos-
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FIG. 4. Accumulation of [*H]Jinositol phosphates in response to
histamine (20 min) in the presence (O) or absence (@) of 100
nM mepyramine in (a) HUAEC3 and (b) HUAEC21. Columns
represent basal responses in the absence (C) or presence (Cm) of
antagonist. Data points represent the mean of quadruplicate
determinations obtained in a single experiment. Bars = SEM.
The experiments was repeated 6 (a) or 3 (b) more times using
cells from different donors in each with similar results. All cells
were at passage 3.

phates in HUAEC21 and HUAEC3 (Fig. 6a and 6b,
respectively). The ECs, values and the maximum responses
(E,.c) obtained for these agonists did not differ signifi-
cantly between the two cell types (Table 3). 2-MeS-ATP
(100 wM) produced only a weak stimulation of [?H]inositol
phosphate accumulation in either HUAEC3 (8.7 *+ 4.1%
of the response to 0.1 mM histamine; Fig. 6b) or
HUAEC21 (E,.. = 9.5 = 1.9%; Fig. 6a).

max

DISCUSSION

This study has demonstrated the ability to isolate human
umbilical artery endothelial cells into a 3% oxygen envi-
ronment and to maintain them in a healthy condition for at
least four passages in this atmosphere. HUAEC3 are mor-
phologically similar to HUAEC21 and demonstrate iden-
tical growth rates and immunocytochemical staining. De-
pletion of cellular glutathione levels is a key indicator of
free-radical damage to the cell [29], however no depletion
of glutathione was noted in HUAEC3 compared to

K. A. Marsh et al.
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FIG. 5. The effect on the inositol phosphate response to a 20
min incubation of 100 pM histamine produced by triprolidine in
HUAECS3. Basal response (B) and the histamine-induced re-
sponse alone (HA) are represented by the columns. The effect
of increasing concentrations of triprolidine added 20 min prior
to histamine are shown on the right of the figure. Data points are
the means of triplicate determinations and bars show the SEM.
The experiment was repeated five more times with similar
results using cells from different donors. All cells were at
passage 3.

HUAEC21. All the criteria above suggest that cells main-
tained long term in a 3% oxygen environment remain
healthy and viable in that atmosphere.

Oxidative phosphorylation is the primary metabolic
pathway used to produce ATP in eukaryotic cells. It has
been shown that in cells sensitive to hypoxia, glucose and
oxygen consumption are inversely related [30]. Therefore,
when the oxygen supply to these cells is limited there is a
shift in the metabolic pathway used to produce ATP from
oxidative phosphorylation to glycolysis. Indeed studies
have demonstrated that there is an increased transcription
of genes encoding enzymes for the glycolytic pathway [31].
Furthermore, several studies have shown that endothelial
cells demonstrate predominantly a glycolytic pathway for
energy production which can be increased in response to
hypoxia [5, 32] sufficiently to maintain normal levels of
ATP. However, the vast majority of studies of hypoxia have
involved exposing cells grown in a 21% oxygen environ-

TABLE 2. Apparent pKp, values for histamine H; receptor
antagonists in either HUAEC3 or HUAEC21

Apparent pK, (M)

HUAEC21 HUAEC3
Antagonist (N = 5) (N = 6)
Chlorcyclizine 9.2+04 9.6 +03
—Chlorpheniramine 56=*03 6.0 03
+Chlorpheniramine 88+03 8.6 *+04
Mepyramine 83x03 84 0.1
Promethazine 104 + 0.5 11.5+0.3
Triprolidine 9.2+0.2 9.1+0.2

Data represent the mean = SEM in cells from six (HUAEC3) or five (HUAEC21)
different donors. Antagonists were incubated for 20 min prior to the addition of 0.1
mM histamine.
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FIG. 6. Total [>Hlinositol phosphates accumulated in response
to increasing concentrations of UTP (A), ATP (@), ATPvyS
(O) or 2-methylthioATP (A) in a) HUAEC21 or b) HUAEC3.
Results are expressed as a percentage of the response to 0.1 mM
histamine measured in the same experiment. Agonists were
incubated with cells for 20 min. Data show mean = SEM of six
separate experiments (each using cells from a different donor).
In each experiment triplicate determinations were made at each
concentration of agonist. All cells were used at passage 3.

ment to an atmosphere of 0—5% oxygen for periods of up to
48 hr only.

In the present study we found that HUAEC3, grown long
term in a low oxygen atmosphere had significantly lower
(33%) ATP levels than their HUAEC21 counterparts. In
contrast, Tretyakov and Farber [33] have grown BPAEC for
up to 4 months in a 3% oxygen environment and found

TABLE 3. Characteristics of the phosphoinositide response of
HUAEC21 or HUAECS3 to purinoceptor stimulation

HUAEC21 HUAEC3
—Log E,_.. Fold —Log E,_.. Fold
ECso (M) over basal ECso (M) over basal
ATP 55*x0.1 59 *05 55+0.1 49 + 0.6
uTP 58=*0.2 5.8+ 0.5 58+0.2 4.7+04
ATPyS 5.2*+0.1 49 x03 53=x0.1 4.4 +0.5

Results are expressed as mean * SEM in cells from five (HUAEC21) or six
(HUAECS3) different donors. Agents were incubated with the cells for 40 min before
measurement of total [*Hlinositol phosphates as described in “Materials and

Methods.”
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that ATP levels were increased compared to BPAEC grown
at 21% oxygen. Explanation of this disparity may lie solely
in the difference between the physiological oxygen concen-
tration of the vascular bed of origin of these cells where the
pO, for BPAEC is approximately 40 mmHg (5%; [33]) and
for HUAEC is approximately 16 mmHg (2%; ref. 1) and
the oxygen concentration to which they are exposed in vitro
(3%). Alternatively, the glucose available in the culture
medium in the present study (5mM) may not have be
sufficient to supply the demand for glycolysis. Nevertheless,
despite the decrease in ATP levels at the lower oxygen
tension, the levels of ATP found in HUAECS3 appear to be
much higher than those obtained in other ‘normoxic’
(21%) endothelial cells. For example, the ATP content of
pig coronary artery endothelial cells and BPAEC grown at
21% was found to be 2 nmol/10° cells [12] and 1.3 nmol/10°
cells [34] respectively. It would appear, therefore, that the
level of ATP within a cell depends very much on the cell
type.

The level of ATP maintained in HUAEC3 was found to
be sufficient to facilitate phosphoinositide (PI) responses to
a variety of agonists which were similar to those obtained in
HUAEC21. This would indicate that the HUAEC21 main-
tain an ATP reserve over and above that required for this
signaling pathway. Indeed, the —log ECs, values obtained in
HUAEC3 to the P,, (P,y)-purinoceptor agonists ATP,
UTP and ATPvS are almost identical to those obtained in
HUAEC21 and similar to previously reported values [35].
This is further substantiated by the time course of the
response to histamine (0.1 mM) in HUAEC3 which is
similar to that previously reported by us for HUAEC grown
in a 21% oxygen atmosphere [3].

The histamine receptor mediating the PI response in
HUAEC3 and HUAEC21 was identified as the H; receptor
since mepyramine, a H;-selective antagonist [36] caused a
shift of the histamine concentration-response curve to
higher concentrations. There was no significant difference
between the apparent K5 values obtained in HUAEC3 or
HUAEC21 for a range of H;-receptor antagonists (Table 2)
and these were similar to those previously reported in the
literature in a number of tissues and species (for review see
ref. 37). In addition, Ky, values reported from binding data
for mepyramine, triprolidine and (+)-chlorpheniramine for
the human H; receptor clone transfected into CHO cells
correlate well with those obtained in the present study [38,
39, 40]. However, of interest are the apparent pKp, values
obtained in the present study for the H; selective antago-
nist promethazine, the most potent of the antagonists tested
in this study; pK, (M) = —10.4 in HUAEC21 and —11.5
in HUAEC3. Previous pKp, values quoted in the literature
are 8.9 in guinea-pig brain and 8.7 in the rat brain [37]. It
is possible that these differences in pKp, values may reflect
subtle differences in the genetic coding of the histamine H,
receptor between species.

In summary, this study has demonstrated that human
umbilical artery endothelial cells can be grown long term in
a low oxygen environment without any detrimental effect
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on their phosphoinositide signalling in response to a variety
of agonists. Further studies can now extend to establishing
whether changes occur in the signalling mechanisms of the
HUAECS3 cells when they are exposed, short term, to an
increase in oxygen tension thereby simulating the circula-
tory changes occurring in the umbilical artery after delivery.

This work was supported by the Medical Research Council, grant
number G9400710.
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