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SUMMARY: Early reports indicated that ECV304 was a spontaneously-transformed line derived from a Japanese human
umbilical vein endothelial cells (HUVEC) culture. Many morphological, immunochemical, and genetic studies provided further
evidence that ECV304 was a valuable biomedical research tool and could be used to study processes that include angiogenesis
in vitro and signal transduction by a variety of G protein-coupled receptors. However, several distinct differences between
ECV304 and HUVEC are now apparent and recent reports have indicated genetic similarity between ECV304 and T24/83, a
human bladder cancer cell line. To further assess the utility of ECV304 as a human endothelial cell model, we compared the
functional responses of ECV304 and T24/83 to a range of G protein-coupled receptor agonists. We also used DNA fingerprinting
to karyotype both ECV304 and T24/83. Both ATP and uridine triphosphate (UTP) stimulated inositol phosphate metabolism in
ECV304 without alteration of cAMP levels. Comparative data using selective P2Y receptor agonists indicated that this response,
leading to calcium mobilization from intracellular stores, was predominantly mediated by the activation of P2Y,, receptors. Similar
responses were recorded from both ECV304 and T24/83 cells. ECV304 expressed a relatively high basal activity of NOS that was
reduced by L-NAME and stimulated by P2Y, receptor agonists. In contrast, P2Y, receptor activation did not induce prostaglandin
synthesis in ECV304. Both ECV304 and T24/83 express receptors for adenosine, adrenaline, and calcitonin, which stimulate
adenylate cyclase. Proliferation of ECV304 and T24/83 cells, measured by the incorporation of [*H]thymidine into DNA, was
largely serum-independent. This was in contrast to parallel experiments with porcine and bovine aortic endothelial cells that
indicated a marked serum-dependent increase in DNA synthesis. Genetic analysis confirmed that ECV304 and T24/83 are
identical. ECV304 displays some endothelial characteristics and is useful for the study of receptor pharmacology. However,
ECV304 is not of HUVEC origin and is therefore an inappropriate cell line to study endothelial cell biology. (Lab Invest 2000,
80:37-45).

he control of vascular tone by endothelial cells

has been the subject of much investigation.
Many studies have used primary cultures of vascular
endothelial cells isolated from a range of tissues and
species (eg, Gallery et al, 1991; Spatz et al, 1997;
Tokunaga and Watanabe, 1987; Weis et al, 1991;
Williams, 1987). However, the isolation and culture of
human vascular endothelial cells is associated with a
number of specific problems that include a fastidious
requirement for exogenous growth factors, mixed
populations of cells arising from pooled vessel prep-
arations, and a relatively low proliferative capacity.
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Thus, the description of ECV304 as a spontaneously
transformed cell line from human umbilical vein endo-
thelial cells (HUVEC) represented a potentially signifi-
cant advance in this area of research (Takahashi et al,
1990). Significantly, ECV304 maintains an apparently
typical endothelial morphology in the absence of spe-
cific growth factors (Takahashi et al, 1990). Subse-
quently, numerous studies including morphological,
cytochemical, and genetic analyses, further validated
ECV304 as an endothelial cell model (reviewed in
Takahashi and Sawasaki, 1992). More recently, the
ability of ECV304 to exhibit angiogenic behavior when
cultured on matrigel has also been reported (Hughes,
1996).

Although ECV304 has proven valuable for many in
vitro applications, several distinct differences between
ECV304 and HUVEC are apparent and include: lack of
expression of the endothelial cell marker von Wille-
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brand Factor (Hughes, 1996; Takahashi et al, 1990);
positive expression of the epithelial cell markers cyto-
keratin 6, 8, 10, 17, 18, and 19 (Hughes, 1996); and
expression of calcitonin receptors (Howl et al, 1998).
These phenotypic differences have been further sub-
stantiated by very recent evidence supplied by the
European Collection of Animal Cell Cultures (ECACC)
suggesting a genetic similarity between ECV304 and
the bladder cancer epithelial cell line T24/83.

In this study we provide important new evidence
that ECV304 and T24/83 are genetically identical.
Moreover, we have performed a detailed pharmaco-
logical and biochemical analysis of receptor expres-
sion and function in these cells. We have also com-
pared mitogenic responses in ECV304 and T24/83
with other primary endothelial cell cultures. The results
of these investigations demonstrate that ECV304 and
T24/83 exhibit a similar phenotype and that some
functional responses observed in ECV304 are atypical
of endothelial cells. These findings provide important
new evidence regarding the suitability of ECV304 as
an endothelial cell model.

Results
Fingerprint Analysis

Figure 1 shows DNA fingerprints from three different
batches of cells all supplied by ECACC. Results
clearly show that the ECV304 cells used in our labo-
ratory prior to the controversy over the origin of
ECV304 (passage number 175), ECV304 cells ob-
tained recently at passage number 136, and T24/83
cells are genetically identical.
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Figure 1.

DNA fingerprints from ECV304 and T24/83 cells. Lane a shows 1 kb DNA
ladder (Gibco). Lanes b and ¢ show two different stocks of ECV304 cells at
passage 175 and 136, respectively. Lane d shows results obtained for T24/83
cells. ECV304 and T24/83 cells have the same DNA fingerprint and are
therefore genetically identical.
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Comparative Pharmacology of P2Y Receptors

The importance of P2Y receptors in endothelial-
mediated control of vascular function is well estab-
lished (eg, for reviews see Boarder and Hourani 1998;
Boarder et al, 1995), with these receptors being linked
to the production of nitric oxide and prostacyclin (eg,
Bowden et al, 1995; Brown et al, 1996). Therefore we
investigated the expression and functional responses
of these receptors in ECV304 and T24/83 cells, and
compared these responses with those of other endo-
thelial cells in our laboratory.

Figure 2a shows [*H]InsP,_, accumulation in re-
sponse to maximal concentrations of ATP, UTP, and
2MeSATP in ECV304 cells and T24/83 cells. The
P2Y,-selective agonist 2MeSATP (80 uwm) failed to
elicit a response in either cell type. Both ATP and UTP
were full agonists (Fig. 2b) and responses were dose-
dependent with mean ECg, values (n = 5) of: ATP,
9.9 + 4.9 X 1077 m; UTP, 4.48 + 0.50 X 107° wm.
Further studies with uridine diphosphate (UDP), in the
presence of hexokinase to remove contamination from
triphosphates (Harden et al, 1997), showed that UDP
was unable to mediate any agonist effect under these
conditions. Similar experiments with ADP showed this
nucleotide to be a weak agonist with an EC,, of
8.94 = 3.10 X 10~ ° m (n = 3) (data not shown). Thus,
these results gave a rank order of agonist potency at
the ECV304 P2Y receptor of ATP > UTP > ADP
>>UDP inactive, 2MeSATP inactive.

Intracellular Ca?>* Mobilization

All experiments were performed in a Ca®*-free me-
dium containing EGTA (30 mwm). As shown in Figure 3a,
the P2Y,-selective agonist 2MeSATP (30 um) had no
effect on cytosolic Ca®* levels in ECV304 cells. UTP
(300 um) induced a rapid rise in cytosolic Ca®* that
peaked in 10 seconds and declined to basal levels in
a further 180 seconds (Fig. 3a). Responses to 300 um
ATP displayed similar kinetics (Fig. 3b); and 300 um
hexokinase-treated UDP elicited no increase in cyto-
solic Ca®* (Fig. 3c), whereas 300 um untreated UDP
induced a rapid rise in cytosolic Ca®™ to levels similar
to those obtained with either UTP or ATP.

Receptors Coupled to Adenylate Cyclase Activation

Previous studies demonstrated the expression of
three pharmacologically distinct receptors in ECV304
able to stimulate cAMP synthesis (Howl et al, 1998).
We therefore compared the ability of a similar series of
agonists that stimulate cAMP in T24/83 cells. Table 1
shows that adrenaline, calcitonin, and NECA were
able to mediate substantial elevations of cCAMP over
basal levels in both cell lines. ATP and UTP at maximal
concentrations did not stimulate cAMP production or
inhibit the stimulation mediated by adrenaline.

P2Y Receptor-Induced Release of Vasoactive Compounds

Nitric Oxide. Figure 4a shows that both ATP and
UTP dose-dependently stimulated the activity of nitric
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Figure 2.

A, [BH]-InsP;_, responses to 100 um ATP, UTP, and 30 um 2MeSATP in ECV304 and T24/83 cells. Similar responses were observed in both cell types with ATP and
UTP giving responses of comparable magnitude. 2MeSATP was without effect in either cell type. Data are mean results + sem from three separate experiments, each
performed in triplicate. B, Dose-dependent accumulation of [H]ip;_, in response to ATP (#) and UTP (M) in ECV304 cells. Data are mean results + sem from a

representative experiment performed in triplicate.

oxide synthase in ECV304 cells as indicated by the
accumulation of [®H]citrulline in cell extracts. The ECx,
values for ATP and UTP were 5.86 = 1.90 X 10" ™
and 5.34 + 2.03 X 10™® wm, respectively. The maximal
stimulation, expressed as increase over basal levels,
was 1.80 * 0.08 and 1.83 = 0.06 for 100 um ATP and
UTP, respectively. 2MeSATP did not elicit a response
at concentrations up to 30 um (data not shown). From
these experiments it was evident that there was a high
basal turnover of nitric oxide in ECV304 cells that was
dose-dependently inhibited by the arginine analog
L-NAME with an IC, value of 7.2 = 2.0 X 1078w (n =
3) (Fig. 4b). In contrast, BAE cells that express both
P2Y, and P2Y, receptors (Motte et al, 1993; Wilkinson
et al, 1994) did not exhibit a high basal turnover of
nitric oxide production. When stimulated with 2Me-

SATP and UTP at maximal concentrations, BAE cells
accumulated [*H]citrulline up to 5 times basal levels
(Fig. 4c).

Prostaglandin. Surprisingly UTP (100 um) did not
stimulate the release of prostaglandin (PGl,) from
ECV304 cells as indicated by the lack of accumulation
of 6-keto PGF, , over a time period of 10 minutes (Fig.
5). In contrast, comparative studies with BAE cells
indicated a substantial UTP-induced release of PGl,
that was maximal after 5 minutes (Fig. 5).

Serum-Induced Changes in DNA Synthesis

Table 2 shows comparative studies of thymidine in-
corporation in ECV304 and T24/83 cells and porcine
and bovine aortic endothelial cells. Subconfluent
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Figure 3.

Results obtained for Fura-2 AM loaded ECV304 cells stimulated with P2Y
agonists in the presence of 30 mm EGTA; A, 30 um 2MeSATP followed by 300
um UTP (B) 300 wm ATP. C, Responses to 300 um hexokinase-treated UDP
followed by 300 wum UDP.

monolayers of cells were grown in serum-free medium
for 24 hours, followed by the addition of serum for 21
hours. Data indicate that addition of serum to the
medium of porcine aortic endothelial (PAE) cells and
bovine aortic endothelial (BAE) cells resulted in a large
incorporation of tritium, up to levels 100-fold over
basal. In contrast, in both ECV304 and T24/83 cul-
tures, there was a large incorporation of tritium into the
cells under serum-free conditions that was not signif-
icantly changed by the addition of serum (Table 2).
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Table 1. cAMP Levels in ECV304 and T24/83 Cells

Test Compound ECV304 T24/83
Adrenaline + +
Calcitonin + +
NECA + +
ATP — —
UTP - -
Adrenaline + UTP — ND

Ability of various agonists to stimulate cAMP was compared between
ECV304 and T24/83 cells. Data are from four separate observations. ND, not
determined.

Discussion

ECV304 is widely reported as an immortal endothelial
cell line spontaneously transformed from a HUVEC
culture in 1985 (Takahashi et al, 1990). Recently how-
ever, there has been some controversy regarding the
origin of these cells, with the indication that ECV304 is
identical to the bladder carcinoma cell line T24/83
(unpublished information supplied by ECACC). In this
study we have used genetic analysis and a range of
functional assays to determine whether ECV304 and
T24/83 are phenotypically similar. Specifically, we
compared the expression of G protein-coupled recep-
tors on these cell lines and the ability of these recep-
tors to initiate functional responses typical of endo-
thelial cells. We have also compared mitogenic
responses of ECV304 and T24/83 with other endothe-
lial cultures.

Significantly, karyotypic analysis provided unequiv-
ocal evidence that ECV304 and T24/83 are genetically
identical. To facilitate additional phenotypic compari-
son, we analyzed the pharmacology of P2Y receptors,
an important class of G protein-coupled receptors
activated by extracellular nucleotides. Indeed, numer-
ous studies have reported expression of P2Y recep-
tors on vascular endothelium (for reviews see Boarder
et al, 1995; Boarder and Hourani, 1998) and ECV304
cells (Conant et al, 1998; Howl et al, 1998). P2Y
receptors typically activate phospholipase C and stim-
ulate production of endothelium-dependent vasodila-
tors (Bowden et al, 1995; Brown et al, 1996; Mitchell et
al, 1990; 1992). Our studies indicated that ECV304
and T24/83 cells express a single sub-type of P2Y
receptor, P2Y,. These findings support our previous
report (Howl et al, 1998) in which responses were
observed to ATP, UTP, and ADP, but not 2MeSATP;
however, these findings are in contrast to a recent
report in which calcium mobilization was observed in
response to 2MeSATP (Conant et al, 1998). One
possible explanation for these conflicting results is a
passage-specific effect resulting in a loss of P2Y,
receptor expression. As reported (Conant et al, 1998),
studies with individual cells indicated that responses
to 2MeSATP were observed only in sub-populations
of ECV304 cells, whereas responses to uridine nucle-
otides were present in all cells. The results obtained in
inositol phosphate assays are supported by our ex-
periments measuring the mobilization of [Ca®"]; in
which responses were obtained for ATP and UTP but
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Results show the release of nitric oxide as indicated by the accumulation of [®H]citrulline in cell extracts. A shows the dose response to ATP and UTP in ECV304
cells. Data are mean results = sem from three separate experiments. B shows that high basal turnover of nitric oxide in ECV304 cells can be dose-dependently inhibited
by the arginine analog, L-NAME. Data are mean results =+ sem from 1 representative experiment of three. C shows low basal turnover of nitric oxide production and
agonist stimulations in BAE cells. Data are mean results + sem from 5 separate experiments.
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A time course for UTP (300 wm)-mediated accumulation of 6-keto PGF,,, in ECV304 cells (®) and BAE cells (O). Data are mean results + sem from three separate

experiments performed in triplicate.

Table 2. Comparative Studies of Thymidine Incorporation

24 h 48 h 72 h
Cell line serum-free serum-free serum-free
ECV304 093+0.10 089=+022 0.70=+0.12
T24/83 278033 157014 168 +0.23
PAE 38.10 = 8.13 ND ND
BAE 107.7 = 20.9 ND ND

Cells were incubated in serum-free medium for the times indicated,
followed by the addition of serum for 21 hours. Incorporation of tritium into
the cells is expressed as increase over basal (serum-free) levels. Data are
mean values *+ sem from separate experiments, each performed in triplicate.
ND, not determined.

not 2MeSATP or UDP. These comparative data of
Ca®* mobilization would also preclude the possibility
of a P2Y, receptor linked to the mobilization of [Ca®*];
in the absence of any detectable PLC response, as
was recently reported in microvascular endothelial
cells (Albert et al, 1997).

Our previous report demonstrated the presence of
receptors that are coupled to adenylate cyclase in
ECV304 (Howl et al, 1998). Therefore we compared
the effects of various agonists on cAMP levels in both
ECV304 and T24/83 cells. Significantly, similar re-
sponses to adrenaline, NECA, and calcitonin were
observed in both cell lines. There was no effect of
either ATP or UTP on basal or agonist-stimulated
levels of cAMP. Therefore it is unlikely that ECV304 or
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T24/83 cells possess a P2Y receptor linked to inhibi-
tion of adenylate cyclase.

To further examine functional responses in ECV304
cells, we determined the ability of purinergic agonists
to stimulate the production of nitric oxide and prosta-
cyclin, because it is well established that endothelial
P2Y receptors are linked to the production of these
vasoactive substances (Bowden et al, 1995; Brown et al,
1996; Mitchell et al, 1990; 1992). Both ATP and UTP
dose-dependently stimulated the activation of NOS in
ECV304. The time course of this activation was maximal
by 5 minutes (not shown) and each agonist produced an
approximate 2-fold increase over basal levels. One ob-
servation arising from these experiments was a very high
basal accumulation of [*H]citrulline that could be dose-
dependently inhibited by the arginine analog L-NAME.
The extent of the inhibition by L-NAME was variable, with
a mean IC,, for L-NAME of 7.2 + 2.0 X 10~8 M. This
high basal turnover may account for the relatively small
stimulations observed with agonists, because the sys-
tem may be substantially activated in the absence of
added agonist. In contrast to these findings, similar
experiments performed using BAE cells showed a very
low accumulation of citrulline under basal conditions,
with an approximate 5-fold response being observed in
the presence of purinergic agonists. The precise nature
of the high basal turnover observed in ECV304 remains
to be elucidated. However, a study using T24/83 cells
also reported a high turnover of NOS under basal con-
ditions, which comprised both calcium-dependent and



calcium-independent components (Morcos et al, 1999).
It is not clear from our studies which isoform(s) of NOS
give rise to the high basal accumulation of citrulline, but
the recent observation that ECV304 cells are devoid of
the endothelial form of NOS is highly significant in the
light of these findings (Sowa et al, 1999). In this context,
it is also noteworthy that a study by Kojima et al (1999)
reported high levels of NOS in colon carcinoma tissue
when compared with levels in noncarcinoma tissue.

The ability of UTP to stimulate production of PGl,
was determined by radioimmunoassay of this stable
breakdown product 6-keto PGF, . Surprisingly, these
experiments revealed that 100 um UTP was unable to
stimulate production of 6-keto PGF,, at time points up
to 30 minutes. This is in contrast to parallel experi-
ments performed in BAE cells and our previous report
(Bowden et al, 1995) in which a substantial increase in
PGl, products over basal levels was observed, being
maximal at approximately 5 minutes. This lack of
response in ECV304 cells further indicates these cells
are “atypical” in terms of primary endothelial cultures.

Measurement of thymidine incorporation into cells is
widely used as an index of DNA synthesis/mitogenesis.
Addition of serum to PAE and BAE cells markedly
increased the rate of DNA synthesis. In contrast, the
addition of serum had little or no effect on DNA synthesis
in either ECV304 or T24/83 cells. Basal levels of thymi-
dine incorporation were significantly higher in ECV304
and T24/83 cells than in either PAE or BAE cells and
increased with up to 72 hours incubation in serum-free
medium. Thus it appears that removal of serum from
ECV304 or T24/83 cells is not sufficient to stop cell
division, and addition of serum to the medium does not
enhance the rate of incorporation of tritium into these
cells. These data provide further evidence that ECV304
cells more closely resemble a metastatic cell line rather
than an endothelial cell line.

In conclusion, our results show that both ECV304
and T24/83 cells express a receptor of the P2Y,
subtype, but do not respond to the P2Y, agonist
2MeSATP. P2Y,, receptors, through activation of PLC
and mobilization of intracellular calcium, stimulate
production of nitric oxide but not prostacyclin.
ECV304 and T24/83 cells also express similar recep-
tors positively coupled to adenylate cyclase. The
expression of a calcitonin receptor further supports a
nonendothelial origin of ECV304. Thus, this report
provides important new information demonstrating
that ECV304 cells display a number of phenotypic
characteristics that differ from those expected of
vascular endothelium but are similar to T24/83 cells.
We conclude that ECV304 is useful for the study of G
protein-coupled receptors but is clearly not of HUVEC
origin. Therefore these cells are not a suitable model
for the study of endothelial cell function.

Materials and Methods

The following materials were supplied by Sigma (Sigma
Chemical, Poole, Dorset, United Kingdom): ATP, UTP,
ADP, UDP, 2MeSATP, calcitonin, NECA, and adrenaline.

Comparison of ECV304 and T24/83
Cell Culture

ECV304 and T24/83 cells were maintained in M199
medium with glutamax (Gibco BRL, Gaithersburg,
Maryland), supplemented with 10% fetal bovine se-
rum (FBS), 100 U/ml penicillin, and 100 ng/ml strep-
tomycin. BAE cells were cultured in minimal essential
medium with D-valine (Gibco) supplemented with
10% FBS, 100 U/ml penicillin, 100 wg/ml streptomy-
cin, and 2 mm L-glutamine. PAE cells were cultured in
Nut.Mix.F12 (HAM) with glutamax (Gibco) supple-
mented with 10% FBS.

DNA Fingerprinting

Cells were grown to confluence in 175 cm? flasks, the
media was removed and cells were washed in a
balanced salt solution (BSS) of the following compo-
sition (in mm): NaCl 125; KCI 5.4; NaHCO; 16.2;
N-2-hydroxylpiperazine-N-2-ethanesulphonic acid
(HEPES) 15; NaH,PO, 1; MgSO, 0.8; CaCl, 1.8; and
glucose 5.5; pH 7.4. Cells were lysed in 0.5 ml of lysis
buffer A (100 mm NaCl; 1 mm EDTA; 20 mm EDTA; 20
mw Tris) and 0.5 ml of lysis buffer B (1% SDS; 10 mm
Tris; 0.5 mm EDTA; pH 8.0). Proteinase K was added to
the cell lysates at a final concentration of 300 wg/ml.
Samples were incubated overnight at 55° C and phe-
nol chloroform extracted DNA digested with 1 U/pul
Alul (Gibco). Fragments were subjected to electro-
phoresis through a 20-cm long 0.8% agarose gel and
transferred by blotting to nylon membrane (Amersham
Corporation, Paisley, United Kingdom). The mem-
brane was exposed to a single-stranded 3?P-labeled
hybridization probe, 33.15 (Jeffreys et al, 1985) over-
night and washed before exposure to X-ray film.

[PHi-Inositol Labeling and Assay of [*H]-Inositol
Polyphosphates

Cells were labeled for 24 hours with 0.5 uCi [*H]-myo-
inositol (17.0 Ci/mmol) (Amersham) per well in BSS.
Lithium chloride was added to cells at a final concen-
tration of 10 mm 10 minutes before addition of ago-
nists. The treatment of dinucleotides with hexokinase
to remove trinucleotide contamination was performed
according to the method of Harden et al (1997).
Stimulations were terminated by removal of BSS and
immediate addition of ice-cold 0.5 m trichloroacetic
acid (TCA). Cells were incubated on ice for 1 hour and
acid extracts washed with 3 X 4 volumes of water-
saturated diethyl ether and buffered to pH 7 with 0.6 m
NaHCO;. A fraction containing [*H]IP,-IP, was recov-
ered from 1 ml Dowex 1 X 8 to 400 (Sigma) columns,
by extraction with 1 M ammonium formate.

Fluorometric Analysis of [Ca?* ],

Cells were incubated in 2.5 um Fura2 AM in BSS 30
minutes at room temperature, centrifuged, and the
supernatant discarded to remove extracellular Fura2
AM. These cells were resuspended in BSS with 30 mm
EGTA to remove extracellular calcium. Measurement
of intracellular calcium was performed using a lumi-
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nescence spectrometer model LS-50B (Perkin-Elmer
Cetus, Norwalk, Connecticut). Fura 2 was excited at
340 nm and emissions were recorded at 510 nwm.

Measurement of cAMP Production

For cAMP assays (Howl et al, 1998), confluent cells in
24-well plates were washed twice with warm medium
and incubated for 15 minutes at 37° C in BSS contain-
ing 0.5 mm IBMX. Agonists were added for a further
period of 15 or 30 minutes. Reactions were terminated
by washing cells twice in ice-cold 70% ethanol. Cyto-
plasmic contents were extracted by scraping cells in
ice-cold 70% (v/v) ethanol (0.5 ml/well). Samples were
stored on ice for 60 minutes and supernatants sepa-
rated from cell debris by centrifugation. Pelleted ma-
terial was extracted further and the combined super-
natants dried under vacuum. Cytoplasmic extracts
were dissolved in buffer (50 mm Tris, 4 mm EDTA, pH
7.5) and cAMP measured using Biotrak assay kits
according to manufacturers instructions.

PHIThymidine Incorporation into DNA

Subconfluent cells were grown in serum free M199
medium (Gibco) in 6-well plates. Medium was re-
placed after 24, 48, and 72 hours with M199 contain-
ing 10% FBS. After 21 hours, 1 uCi [*H]thymidine
(51.0 Ci/mmol) (Amersham) was added to each well.
Three hours later, the stimulating media was removed
and cells were washed twice in 4 ml with PBS then
once in 2 ml with 10% TCA. Cells were lysed in 1 ml
0.2 m NaOH, and radioactivity in lysates was deter-
mined by liquid scintillation spectroscopy.

Measurement of Nitric Oxide Synthase Activity

The ability of agonists to stimulate the conversion of
[*H]arginine to [®*H]citrulline was used as an index of
nitric oxide synthase activity, as previously described
(Brown et al, 1996). Cells were grown to confluence in
24-well plates, then washed twice in 1 ml in BSS at
37° C prior to labeling with 0.6 uCi L-[2,3,4,5-
3H]arginine (54.0 Ci/mmol) (Amersham) per well in
BSS for 10 minutes. Cells were stimulated for 5
minutes and incubations terminated by washing three
times in 1 ml with ice-cold BSS. The BSS was aspi-
rated and cells were incubated on ice in 0.5 m TCA for
2 hours. Acid extracts were washed three times in 4
volumes of diethyl ether and buffered to pH 6 with 1.5
ml 20 mm HEPES pH 6. The extracts were passed
through 1 ml Dowex 50WX8-400 columns and the
[®H]citrulline fraction eluted with 4 ml of distilled water.

Measurement of 6-Keto PGF,_, Release

Measurement of the accumulation of 6-keto PGF,, in
the supernatant of stimulated cells was used as an
index of PG, release. Cells were grown to confluence
in 24-well plates, the medium was aspirated and cells
were washed twice with BSS, and incubated for 10
minutes in 1 ml BSS at 37° C. Agonist stimulations
were terminated by the removal of the supernatants to
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polypropylene tubes and stored at —20° C until required.
Radioimmunoassay for 6-keto PGF,, used 25 ul of
6-keto [5,6,9,11,12,14,15-*H]-PGF, , (177 Ci/mmol) (Am-
ersham), 25 ul of polyclonal anti-6-keto PGF, , at a 1:5
dilution, and 50 ul of sample or standard. Samples and
standards were incubated overnight at 4°C and
dextran-coated charcoal was used to separate bound
6-keto PGF, , from free. After centrifugation, the amount
of 6-keto [5,6,9,11,12,14,15,-°*H]-PGF,, in the superna-
tant was measured.
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