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Nucleoside transporter subtype expression and function in rat

skeletal muscle microvascular endothelial cells
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1 Microvascular endothelial cells (MVECs) form a barrier between circulating metabolites, such as
adenosine, and the surrounding tissue. We hypothesize that MVECs have a high capacity for the
accumulation of nucleosides, such that inhibition of the endothelial nucleoside transporters (NT)
would profoundly affect the actions of adenosine in the microvasculature.

2 We assessed the binding of [*H]nitrobenzylmercaptopurine riboside (NBMPR), a specific probe for
the inhibitor-sensitive subtype of equilibrative NT (es), and the uptake of [*H]formycin B (FB), by
MVEC:s isolated from rat skeletal muscle. The cellular expression of equilibrative (ENT1, ENT2,
ENT3) and concentrative (CNT1, CNT2, CNT3) NT subtypes was also determined using both
qualitative and quantitative polymerase chain reaction techniques.

3 1In the absence of Na®™, MVECs accumulated [PH]JFB with a V., of 2141 pmolul~'s~'. This
uptake was mediated equally by es (K, 260+70 uM) and ei (equilibrative inhibitor-insensitive; K,
130420 uM) NTs.

4 A minor component of Na*-dependent cif (concentrative inhibitor-insensitive FB transporter)/
CNT2-mediated [*"H]FB uptake (¥; 0.008 +0.005 pmol ul~'s™" at 10 uM) was also observed at room
temperature upon inhibition of ENTs with dipyridamole (2,6-bis(diethanolamino)-4,8-dipiperidino-
pyrimido-[5,4-d]pyrimidine)/ NBMPR.

5 MVECs had 122,000 high-affinity (K4 0.10nM) [PHINBMPR binding sites (representing es
transporters) per cell. A lower-affinity PHINBMPR binding component (K 4.8 nM) was also observed
that may be related to intracellular es-like proteins.

6 Rat skeletal muscle MVECs express es/ENT1, ei/ENT2, and cif/CNT2 transporters with
characteristics typical of rat tissues. This primary cell culture model will enable future studies on
factors influencing NT subtype expression, and the consequent effect on adenosine bioactivity, in the

microvasculature.
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Introduction

Hydrophilic nucleosides permeate cell membranes via a
spectrum of specific transport proteins. These nucleoside
transporters (NTs) also facilitate the cellular uptake of many
nucleoside analogs used as antiviral and anticancer agents
(Belt et al., 1993; Yao et al., 2001; Clarke et al., 2002). Several
subtypes of concentrative Na*-dependent NTs (SLC28;
CNTs) (Gray et al., 2004) and equilibrative Na*-independent
NTs (SLC29; ENTs) (Baldwin er al., 2004) have been
identified. The CNT subtypes are characterized by their
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substrate selectivities; cit (concentrative inhibitor-insensitive
thymidine transporter) favours pyrimidine substrates, cif
(concentrative inhibitor-insensitive formycin B (FB) transpor-
ter) purine substrates and cib (concentrative inhibitor-insensi-
tive NT with broad substrate specificity) mediates both purine
and pyrimidine flux (Ritzel et al., 2001). The corresponding
gene products have been identified and termed CNT1, CNT2
and CNTS3, respectively. The ENT subtypes are distinguished
by their sensitivities to inhibitors such as [*H]nitrobenzylmer-
captopurine riboside (NBMPR) (Hyde ef al., 2001). Trans-
porters sensitive to NBMPR at nanomolar concentrations are
functionally known as es (equilibrative, inhibitor-sensitive)
transporters. In contrast, the ei (equilibrative, inhibitor-
insensitive) transporters are blocked by NBMPR only at
micromolar concentrations. Gene products encoding proteins
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with es (ENT1) and ei (ENT2) functionality have been cloned
from human (Griffiths ez al., 1997a, b; Crawford et al., 1998),
mouse (Kiss et al., 2000), rat (Yao et al., 1997) and dog
(Hammond er al., 2004) tissues, with ENTI being the
predominant form in most cell types. Two other members of
the ENT family have been identified by molecular approaches
(ENT3 and ENT4), but their functional roles have yet to be
elucidated (Hyde et al., 2001; Acimovic & Coe, 2002).

Adenosine, a natural substrate for both es and ei transpor-
ters, has a plethora of biological functions (Burnstock, 2002a)
mediated by a family of extracellular G-protein-coupled
receptors (Shryock & Belardinelli, 1997). There has been
considerable interest in the role of adenosine as a vasodilator
and cardioprotective moiety (Cook & Karmazyn, 1996).
Adenosine accumulates in biological systems under conditions
of metabolic stress, including ischemia, hypoxia, and increased
sympathetic nerve activity, where energy demand exceeds
supply (Mubagwa & Flameng, 2001). This increase in
adenosine concentration has proven beneficial in reducing
myocardial and vascular damage in both ischemia—reperfusion
injury and heart failure (Ely & Berne, 1992; Kitakaze et al.,
1999; Vinten-Johansen et al., 1999). Owing to its profound
effects on cell function, it is presumed that the extracellular
levels of adenosine must be tightly regulated. Microvascular
endothelial cells (MVECs) serve as the primary barrier
between the microcirculation and the surrounding tissue, and
have been proposed as a major ‘sink’ for the uptake and
metabolism of adenosine in the heart and vasculature (Deussen
et al., 1999). Despite the fact that endothelial cells make up
only 2-4% of the cellular mass of the heart, Deussen and co-
workers have shown that they accumulate as much as 65%
of free adenosine. Therefore, any change in the metabolism or
transport of adenosine by endothelial cells would directly alter
local adenosine concentrations and thereby influence a variety
of physiological processes in the perfused tissue (Shryock &
Belardinelli, 1997, Gamboa et al., 2003).

Numerous investigators have reported a potentiation of the
beneficial cardiovascular effects of adenosine by blocking its
reuptake and metabolism by cells (Van Belle, 1993). Indeed,
this is the primary mechanism by which dilazep ((V,N'-bis[3-
(3,4,5-trimethoxybenzoyloxy)propyl]-homopiperazine), drafla-
zine (2-(aminocarbonyl)-4-amino-2,6-dichlorophenyl)-4 —
[5,5-bis(4-fluorophenyl)-pentyl]-1-piperazineacetamide 2HCI)
and dipyridamole (2,6-bis(diethanolamino)-4,8-dipiperidino-
pyrimido-[5,4-d|pyrimidine) produce their clinically relevant
vasodilatory effects in the coronary vasculature (Hyde et al.,
2001). However, these inhibitors typically have high affinity
only for the es subtype of NT. The CNT systems and the
‘inhibitor-insensitive’ (ef) ENTs would continue to function in
the presence of these inhibitors. Therefore, the relative
expression of the transporter subtypes in a particular cell type
may have major implications for the capacity of transport
blockers to potentiate the effects of adenosine in the vicinity
of those cells. This is likely to be especially important in
skeletal muscle, where blood flow to the muscle increases
dramatically with exercise (Andersen & Saltin, 1985; Boushel
et al., 2000) and this vasodilation coincides with a significant
increase in adenosine concentration in the vasculature of
skeletal muscle (Langberg et al., 2002). The ei system, which
has a higher affinity for the adenosine metabolites hypox-
anthine and inosine than does the es transporter (Osses et al.,
1996; Ward et al., 2000), may be particularly important in

regulating the levels of adenosine metabolites in muscle during
exercise and recovery.

In this study, endothelial cells isolated from the micro-
vasculature of rat skeletal muscle were examined for their
capacities to accumulate nucleosides, and for the sensitivity of
this uptake to vasodilators such as dipyridamole, dilazep and
draflazine. Experiments were also designed to assess the
relative contributions of the various ENT and CNT subtypes
to nucleoside accumulation by MVECs. The general objective
was to establish the NT characteristics of MVECs to validate
the use of this primary cell culture model for the study of
physiological and pathophysiological factors involved in the
regulation of NT expression and function in the microvascu-
lature of skeletal muscle.

Methods
Cell isolation/culture

All aspects of this study were conducted in strict accordance
with the policies and guidelines set forth by the Canadian
Council on Animal Care.

Endothelial cells were isolated based on the affinity of their
a-D-( 4 )galactosyl residues for isolectin B, from Bandeiraea
simplicifolia (BSI-B,; Sigma, St Louis, MO, U.S.A.), which
was bound to magnetic microbeads (Dynabeads® M-450
Epoxy, Dynal, Lake Success, NY, U.S.A.). Coating of
Dynabeads with BSI-B, was carried out according to the
manufacturer’s specifications. Briefly, ~1 x 10® beads were
washed in 0.1 M borate buffer (pH 9.5) and then rotated for
24h at 4°C with BSI-B, (0.2mgml~' in 0.1 M borate buffer).
The BSI-B4-coated beads were washed three times and stored
in phosphate-buffered saline (PBS) containing 0.1% bovine
serum albumin (BSA).

The cell isolation protocol was based on previously
described methods (Hewett & Murray, 1993a, b; Wilson et al.,
1996). The extensor digitorum longus muscles of male Wistar
rats (250-300g) were removed from the hindlimbs under
anesthesia by sodium pentobarbital (42mgkg™!, i.p.). After
careful removal of tissue containing larger feed arteries, the
isolated muscle was sliced into ~0.5mm pieces and digested
for 30-45min in 0.84 mgml~! collagenase, 0.12mgml~! trypsin
and dispase, and 1.62mgml~' BSA in 50ml Kreb’s Ringer
solution (127 mM NaCl, 4.6 mMm KCI, 1.1 mM MgSO,, 1.2mm
KH,PO,, 8.3mM D-glucose, 24.8 mM NaHCO;, 2mM pyru-
vate, 11.4mM creatinine, 20 mM taurine, 5 mM D-ribose, 2 mM
L-asparginine, 2 mM L-glutamine, | mM L-arginine, 0.5 mM uric
acid) in a 37°C water-jacketed organ bath bubbled with
95%0,/5%CO0O,. The enzymatic digest was filtered through
100 um nylon mesh to remove undigested fragments, and the
dissociated cells collected by centrifugation and washed in
37°C Media 199 (M199). Cells were then resuspended with
~1 x 10° BSI-B4-coated Dynabeads®™ (in M199) and rotated
on a spindle for 10-15min. Endothelial cells bound to the
magnetic beads were then selected using a magnetic particle
collector (MPC®-1; Dynal, Lake Success, NY, U.S.A)),
washed and transferred onto six-well plates in M199 media
supplemented with 20% fetal bovine serum (FBS), 100 Uml™"
penicillin G, 100 ugml™' streptomycin sulfate, 0.25ugml™'
amphotericin B, 2mM L-glutamine, 0.01251Uml™" heparin
and 15pugml~' endothelial cell growth supplement (ECGS)
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and cultured at 37°C in a 5% CO, humidified atmosphere. The
media were changed routinely every 4 days, and cells were
passaged using 0.05% trypsin—0.53 mM EDTA upon reaching
confluence. After passage 2, FBS levels were reduced to 10%.
The endothelial cell phenotype was confirmed by the presence
of von Willebrand factor VIII and BSI-B, antigens as
described previously (Hewett & Murray, 1993a,b; Wilson
et al., 1996). Cultures were typically found to contain greater
than 98% endothelial cells.

In preparation for radioligand binding or substrate flux
assays, MVECs were trypsinized for 5-10min at 37°C, then
diluted four-fold with M199+10% FBS and collected by
centrifugation. Cell pellets were washed once by resuspension/
centrifugation in either PBS (137 mM NaCl, 6.3 mM Na,HPO,,
2.7mM KCl, 1.5mM KH,PO,, 0.9mmMm CaCl,-2H,0, 0.5mm
MgCl,-6H,O; pH 7.4) or a modified Na*-free PBS
(140 mM N-methyl-D-glucamine, 10mM HEPES, 5mM KCI,
4.2mM KHCOj;, 0.44 mM KH,PO,, 0.36 mM K,HPO,, 1.3 mM
CaCl,-2H,O, 0.5mM MgCl,-6H,O; pH 7.4), and then
resuspended in the same buffer for immediate use in the
assays described below. Cell number was determined using a
hemocytometer.

[PH]NBMPR binding

MVECs (~ 300,000 cells assay ', in PBS) were incubated with
PHINBMPR (+inhibitors) in borosilicate glass tubes for
45min at room temperature (~22°C) to attain steady-state
binding (1 ml final vol.). Reactions were terminated by
filtration through Whatman GF/B filters under vacuum and
washed twice with ~5ml of ice-cold Tris-HCI buffer (10 mMm,
pH 7.4). Filters were then assessed for radioactive content by
standard liquid scintillation counting. Nonspecific binding
of PHINBMPR was defined as that which remained cell
associated in the presence of 10 uM nitrobenzylthioguanosine
(NBTGR). Specific binding was defined as total minus
nonspecific binding. Ky and B,.. values for PHINBMPR
binding were calculated from nonlinear (hyperbolic) curves
fitted (GraphPad Prism 3.02) to nontransformed specific
binding data plotted against the free PHINBMPR concentra-
tions at steady state. Inhibition constants for a selection of
known NT inhibitors were calculated from variable-slope
sigmoid curves fitted to the binding of PHINBMPR (0.5 nM),
relative to control, against the log of the inhibitor concentra-
tion. The Cheng—Prusoff equation (Cheng & Prusoff, 1973)
was used to derive K; values from these studies using the K, for
PHINBMPR obtained by mass law analysis as described
above. In some cases, a range of inhibitor concentrations was
tested against a range of [’H][NBMPR concentrations and the
data analyzed by double reciprocal plot analysis to calculate
K; values directly, and to determine the type of inhibition.

[PH]FB uptake

[PH]FB uptake, unless stated otherwise, was measured at 15°C
in a refrigerated/circulating water bath in Na™-free buffer.
Uptake was initiated by the addition of 250 ul of cell
suspension (~ 750,000 cellsassay™!) to 250ul of [PH]JFB
layered over a 200 ul cushion of silicone/mineral oil (21:4
(v/v™") in 1.5ml microcentrifuge tubes. Assays were termi-
nated after defined time intervals (5-600s) by centrifugation
(12,000 x g) of the cells through the oil layer. Aqueous

supernatant and oil were removed and cell pellets digested in
1M sodium hydroxide for ~16h at room temperature. The
digest was analyzed for [*’H] content using standard liquid
scintillation counting techniques. Cellular accumulation of
[PH]FB was assessed in the absence (total uptake) and presence
of 50nM NBMPR (NBMPR-resistant uptake) or 10uMm
NBMPR/dipyridamole (nontransporter-mediated uptake).
The addition of adenosine (3mM) to the combination of
10 um NBMPR/dipyridamole yielded no further reduction
in uptake compared with dipyridamole and NBMPR alone,
confirming that the latter inhibitors were blocking all
transporter-mediated uptake of [P’H]FB under these conditions.
Therefore, uptake that was sensitive to both dipyridamole and
50nM NBMPR was defined as inhibitor-sensitive uptake
(es transporter mediated), and that sensitive to 10uM
dipyridamole but not inhibited by 50 nM NBMPR was defined
as inhibitor-insensitive (ei transporter mediated).

The Na™ dependence of [PH]JFB uptake was assessed at
room temperature (~22°C) after incubating the cells with
a combination of 10 uM dipyridamole and 10 uM NBMPR to
block nucleoside flux via the equilibrative systems. Uptake was
measured in Na*-replete PBS and Na * -free buffer, in parallel,
using the oil-stop method described above.

Uptake data are presented as intracellular [*H]substrate
concentrations (pmolul™' intracellular volume; uM) after
correction for the amount of [*H]label present in the
extracellular space of the cell pellet. Total water volumes of
the cell pellets were determined by incubating cells with
[PH]water for 3min and then processing the samples as
described above. An estimate of the extracellular water volume
was obtained from extrapolation of the linear time course of
nonmediated uptake back to ‘zero time’. Initial rates (V;) of
flux were calculated as the uptake at 1s determined by
extrapolation of hyperbolic curves fitted (GraphPad Prism
3.02) to time-course data, or were derived from the transpor-
ter-mediated uptake observed using a 5s incubation time (the
minimum measurable time point). V; extrapolated from
hyperbolic curves fitted to 1uM FB time-course data were
not significantly different (Student’s ¢-test, P<0.05) from that
derived in a separate series of experiments using a single 5s
time point. K, and V., values were calculated from nonlinear
curves fitted to plots of [PHJFB concentration versus V;.
Inhibition constants (ICs)) for selected inhibitors were
calculated from variable-slope sigmoid curves fitted to the
uptake of 1 uM FB, relative to control (no inhibitor), against
the log of the inhibitor concentration (conducted at room
temperature). With the exception of studies using endogenous
nucleosides, cells were incubated with inhibitors for at least
15 min prior to measurement of [PH]FB influx rates.

Qualitative reverse-transcriptase—polymerase chain
reaction (RT-PCR)

Total RNA was isolated from male Wistar rat MVECs (PO, P2
and P8 cultures), as well as from rat brain, kidney, skeletal
muscle and liver, using the single-step method of RNA
isolation (Chomczynski & Sacchi, 1987) or the GenElute™
Mammalian total RNA mini-prep kit (Sigma, St Louis, MO,
U.S.A.). Polyadenylated RNA (mRNA) was selected using the
Nucleotrap mRNA mini-kit (Clontech, Palo Alto, CA,
U.S.A.) or GenElute™ mRNA mini-prep kit (Sigma, St Louis,
MO, U.S.A.), and first strand DNA template was generated

British Journal of Pharmacology vol 143 (1)



R.G.E. Archer et al

Endothelial cell nucleoside transporters 205

using 250-500 ng of mRNA and the Superscript™ First Strand
Synthesis System for RT-PCR (Invitrogen, Carlsbad, CA,
U.S.A)). RT-PCR amplifications were performed using
AmpliTaq Gold hot start polymerase (Applied Biosystems,
Foster City, CA, U.S.A.) in a Thermocycler PE 480 (Perkin-
Elmer, Norwalk, CT, U.S.A.) using an oil-overlaid 50 ul
reaction mixture in 500 ul thin-walled reaction tubes. Reaction
conditions included a 5min 95°C initial activation, followed by
30 (for ENTs) or 35 (for CNTs) cycles of 1 min at 95°C, 1 min
at the appropriate annealing temperature (see Table 1) and
1 min at 72°C. This was followed by a 10 min 72°C elongation
step. Preliminary experiments showed that 30 cycles of PCR
were suitable to obtain a visible product on agarose gels for
each of the transporter subtypes while remaining on the log-
linear portion of the cycle number versus product formation
curves. PCR products were resolved by electrophoresis on
1.2% agarose gels against the GeneRuler™ DNA ladder mix
(Fermentas, Burlington, Ontario, Canada). PCR amplification
conditions and primer sequences are summarized in Table 1
for ENT1, ENT2, ENT3, CNT1, CNT2, CNT3 and GAPDH.
For the ENT transporters, successful PCR reactions were
repeated using a proof-reading Taq polymerase mixture
(Advantage®™ 2 Polymerase Mix, Clontech, Palo Alto, CA,
U.S.A)), and the products ligated directly into pcDNA3.1/V5-
His® TOPO® vector and propagated in One Shot® TOP 10
Chemically Competent Escherichia coli using protocols pro-
vided by the supplier (Invitrogen, Burlington, Ontario,
Canada). The plasmid inserts were sequenced using Tag

Table 1 RT-PCR conditions

BigDye Terminator Cycle Sequencing Kit in an automated
ABI PRISM Model 377 Version 3.3 DNA Sequencer (PE
Applied Biosystems, Norwalk, CT, U.S.A.).

Quantitative real-time PCR

First-strand DNA template was prepared from PO (fresh
isolates) and PS8 cultures of rat MVECs as described above.
PCR primers were designed to achieve product sizes of 157 bp
for rENTI1, 278 bp for rENT2, 406 bp for rENT3 and 175bp
for f-actin (see Table 1). A Roche Diagnostics LightCycler
was used to perform real-time PCR in 25 ul microcapillary
tubes (Roche Diagnostics Canada, Laval, Quebec, Canada)
using SYBR GreenTaq ReadyMix™ (Sigma, St Louis, MO,
U.S.A.) with 1ul of cDNA template. Reaction conditions
included an initial activation step of 30s at 95°C, followed by
40 cycles of ramping at 20°Cs™' to hold for 0s at 95°C,
ramping at 20°Cs™" to hold for 5s at 64°C, ramping at 5°Cs™"
to hold for 13 s at 72°C and ramping at 20°Cs~! to hold for 1s
at 82°C, with a single acquisition of data before the start of
each cycle. Data were analyzed with LightCycler Software
version 3 (Idaho Tech, Salt Lake City, UT, U.S.A.). The
melting temperature (7,,) of specific products and potential
primer dimers was determined using the following conditions:
ramping at 20°Cs~! to hold for 0s at 95°C, ramping at
20°Cs™' to hold for 10s at 65°C and continuous acquisition of
data while ramping at 0.1°C s™" until reaching 95°C. According

Name (accession #) Primer sequence

Annealing temp (°C) Expected size (bp)

ENT1 5CACCATGACAACCAGTCACCA 68 1399
(AF015304) 3’CCTCTGTCCACACAGGGTCGC
5GCCGGCCAACTACACA 64 157
3ITATGGCCAGAATGACAACTGC
ENT2 5YGTGCAATAGGACTGCGGACAT 68 1416
(AF015305) YAGGACTGTGGAGTGCGGTGGT
5GCTACCACCTGGTCGGGATCA 64 278
3’CAGGCTGCCCAGAATACGC
ENT3 5YATGGCCTTTGCCTCTGAGGAC 68 1398
(AY273196) 3GGCTGAGCCCAGCATCAAACC
5YCCGGGTGCATGTTCGAGTT 64 406
3’AACCGGCCTCATGTAGTACCT
CNTI 5’'CCATTTCCCTCACGCCTAT 55 1431
(U10279) 3’ACTCAGCCACTACCGGACAGT
CNT2 5ACAGGAGATGGCGAAGTC 64 1410
(U66723) 3’ACCATTGGCCTTAGGACATAG
CNT3 SCACAGAGGAAGAGAGCGAAGA 55 1455
(AY059414) 3GTCTCCGAGCGAATTGACAT
GAPDH 5GACTCTACCCACGGCAAGTTC 68/64/55 602
(AF106860) 3TCCAGGCGGCATGTCA
p-actin 5CCTCTATGCCAACACAGTGC 64 175
(X03672) 3’CAGCAAGCAGGAGTACGATG

PCR amplifications were carried out for 30-35 cycles using the conditions described in the text. GAPDH was amplified in parallel for each
assay, using annealing temperatures that reflected the optimum for the coamplified ENT/CNT subtypes.
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to the T, value of specific products for the respective genes, an
additional signal acquisition step, 2-3°C below T,,, was added
after the elongation phase of PCR. This additional step in the
PCR reactions ensured signal acquisition from the specific
target products.

Standard curves representing the rENTI, rENT2, rENT3
and f-actin amplification—concentration profiles were con-
structed using 1-4 ul of an undiluted, a 1:10 dilution and a
1:100 dilution of cDNA template derived from rMVECs. The
amount of each ENT transcript expressed by MVECs was
assessed using duplicate sets of cDNA derived from multiple
distinct lots of mRNA isolated from either freshly isolated
rMVECs (P0) or after two or eight passages of in vitro culture.
The cycle number at which the fluorescence signal was
significantly higher than baseline (the crossing point, Cp)
was used to calculate the relative concentrations of ENTI,
ENT2, ENT3 and f-actin from their standard curves. Data
were then normalized to f-actin to account for differences in
reverse transcription efficiencies and fluorescence detection
variance in each reaction mixture. The products from the
reactions described above were also run on a 1% agarose
gel, along with a DNA ladder (GeneRuler™ DNA ladder
mix; Fermentas, Burlington, Ontario, Canada), to confirm
that all products were of the correct length for the primers
used.

Materials

[G-*H]FB (14 Cimmol™") and [G-*H]NBMPR (5.5 Cimmol™")
were purchased from Moravek Biochemicals (Brea, CA,
U.S.A). PH]Water (1mCig™") was purchased from DuPont
Canada Inc. (Markham, Ontario, Canada). Nonradiolabeled
FB, NBMPR, NBTGR, dipyridamole, collagenase, trypsin,
BSA, anti-human von Willebrand Factor VIII, goat serum and
anti-rabbit IgG peroxidase conjugate were supplied by Sigma
(St Louis, MO, U.S.A.). Dispase was obtained from Roche
Biochemicals (Indianapolis, IN, U.S.A.). Biotin-conjugated
BSI-B, lectin was purchased from ICN Biomedicals Inc.
(Aurora, OH, U.S.A.) and horseradish peroxidase from
Cedarlane Laboratories (Hornby, Ontario, Canada). Dilazep
was provided by Asta Werke (Frankfurt, Germany), and
draflazine and soluflazine (3-(aminocarbonyl)-4-[4,4-(4-fluor-
ophenyl-3-pyridinyl)butyl]-N-2,6-dichlorophenyl)-1-piperazi-
neacetamide 2HCI) were provided by Janssen Research
Foundation (Beerse, Belgium), while adenosine was purchased
from Lancaster Synthesis Inc. (Windham, NH, U.S.A.).
All other nucleosides were purchased from Sigma. M199
with Earle’s salts and L-glutamine, FBS, culture grade
Dulbecco’s  PBS, trypsin—-EDTA, antibiotic/antimycotic
(penicillin, streptomycin and amphotericin B) and heparin
were purchased from GIBCO/BRL (Burlington, Ontario,
Canada). ECGS was supplied by Beckton Dickinson (Oakville,
Ontario, Canada).

Statistics

Data are presented as the mean +standard error of the mean
(s.e.m.) of n independent experiments conducted in duplicate.
Statistical significance (P<0.05) was assessed using the two-
tailed Student’s ¢-test for unpaired samples.

Results
[PH]NBMPR binding

Initial studies examined the binding of the es-selective
radioligand ["HJNBMPR. Less than 20% depletion of free
radioligand was observed under these experimental conditions,
with the higher levels of depletion (>10%) observed only
when using PHINBMPR concentrations of less than 0.08 nM.
To compensate for this ligand depletion, we routinely used the
calculated equilibrium-free (total pmol added minus pmol
bound at equilibrium) concentrations of ['HINBMPR for data
analyses. Nonspecific binding (in the presence of 10uM
NBTGR) was linear with increasing concentrations of
[FHINBMPR. Subtraction of the nonspecific component
from the total binding resulted in a two-component binding
profile (F-test, P<0.05) where [PHINBMPR bound to
122,000+ 12,000 sites per cell with a K4 of 0.10+0.02nM and
a further 174,000478,000 sites with a K; of 4.84+4.2nM
(Figure la). The multiple binding components may be clearly
discerned when one inspects the Scatchard transforms of these
data (Figure 1b). The nucleoside transport inhibitors,
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Figure 1 Mass law analysis of [’HINBMPR binding to rat skeletal
muscle MVECs. (a) Cells were incubated with a range of
concentrations of [PHINBMPR in the absence (total) and presence
(nonspecific) of 10 uM NBTGR. Specific binding was defined as the
difference between the total and nonspecific binding components.
Data are plotted as the number of molecules of NBMPR bound per
cell (ordinate) versus the equilibrium free concentration of
PHINBMPR (abscissa). Each point represents the mean+s.e.m. of
12 independent experiments. (b) Scatchard representation of the
specific binding data shown in (a). These data fit best to a two site
binding model (F-test, P<0.05).
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Figure 2 Inhibition of PHINBMPR binding to rat skeletal muscle
MVECs. The nucleoside transport inhibitors NBTGR (n=35),
draflazine (n=38), dilazep (n=10), dipyridamole (n=6) and the
transporter substrates adenosine (n=7) and uridine (n=7) were
tested for their ability to inhibit the binding of [PHINBMPR in
MVECs. Data are shown as the percent of control binding where the
‘control’ was the site-specific binding of 0.5nM [PHINBMPR in the
absence of inhibitor. Each point represents the mean+s.e.m. from
the number of experiments indicated above, conducted in duplicate.

B NBTGR
A Draflazine

v Dilazep
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NBTGR, draflazine, dilazep and dipyridamole, as well as the
transporter substrates adenosine and uridine, were then tested
for their ability to inhibit FHINBMPR (0.5nM) binding to
these cells (Figure 2). This concentration of PHINBMPR
would be expected to label predominantly the higher-affinity
population of binding sites. NBTGR was the most potent
(K; 74+10pM; ny 0.75+0.04) followed by draflazine (K;
17+4nM; ny 0.62+0.05), dilazep (K; 30+ 6 nM; nyy 0.68 +0.04)
and dipyridamole (K; 1.94+0.5uM; ng 0.52+0.11). The least
effective inhibitors were adenosine (K; 22 +3 uM; ny 0.59 +0.04)
and uridine (K; 98+19 uM; ny 0.44+0.03). Soluflazine, an
analog of draflazine with selectivity for e (Hammond, 2000),
had no statistically significant effect on the binding of
FHINBMPR to MVECs at the highest concentration tested
(30 uM, data not shown). Direct determination of K; for the
inhibition of [PHINBMPR binding (Figure 3) by draflazine,
dilazep and dipyridamole yielded values (44 +19nM, 46+ 17 nM,
and 3.0+0.63 uM, respectively), which were not significantly
different (P<0.05) from those derived by the Cheng—Prusoff
equation based on ICs, values obtained from the sigmoid
inhibition curves shown in Figure 2. These analyses also showed
that the inhibitors were functioning in a strictly competitive
manner.

Equilibrative transporter-mediated uptake of [*H]FB

Initial studies were conducted in Na*-free media to allow
selective study of the equilibrative NTs in these cells.
Preliminary studies established that the uptake of 10uMm
[PH]JFB by MVECs was extremely rapid when measured at
room temperature (~22°C), with over 40% of the cellular
equilibration occurring within the first measurable time point
(5s), giving initial rates in excess of 0.8 pmol ul~'s~!. There-
fore, uptake was assessed at temperatures less than ambient
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Figure 3 Double reciprocal plot analyses of the inhibition of
[PHINBMPR binding by draflazine (a), dilazep (b) and dipyridamole
(c). The site specific binding of six concentrations of PHINBMPR
was measured in the absence and presence of the indicated
concentrations of inhibitor. Data are plotted as the reciprocals of
the binding of P"HINBMPR (ordinate) against the reciprocals of the
equilibrium free concentrations of [PHINBMPR (abscissa). Cell
suspensions were diluted to obtain a similar cell concentration in
each experiment. Each point is the mean of five experiments
performed in duplicate.

(12, 15, 18 and 21°C), with 15°C being selected as that
temperature which allowed a reasonable estimation of initial
rates while still maintaining cell membrane integrity. Skeletal
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muscle MVECs, at 15°C in Na " -free buffer, accumulated 1 uM
PHIFB to a maximum of 1.140.1 pmolul~" of cell water,
which was not significantly different from the initial 1uM
extracellular concentration of FB (P <0.05). The initial rate of
uptake for the total transporter-mediated (10 uM dipyrida-
mole-sensitive) component was 0.03340.005 pmol ul~"'s™".
This rate was reduced significantly, to 0.018+
0.002pmolul~'s™!, in the presence of 50nM NBMPR
(Figure 4). Analyses of initial rates of influx obtained using a
range of [P’H]FB concentrations yielded K, values of 260+ 60
and 130+20 uM for es- and ei-mediated uptake, respectively,
and V.. values of 10.4+1.4 and 10.24+0.6pmolul~'s™",
respectively (Figure 5). A similar ratio of es:ei (1:1) activity
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Figure 4 Time course of [PHJFB accumulation by rat skeletal
muscle MVECs. Cells were incubated with 1uM [PH]JFB in the
absence (total uptake) and presence of 50 nM NBMPR (+ NBMPR,
NBMPR-resistant uptake) or 10 uM dipyridamole/10 uyM NBMPR
(+NBMPR/dipyridamole, nonmediated uptake), for the times
indicated (abscissa). Assays were conducted at 15°C in Na™-free
buffer and terminated by the oil-stop method as described in the
text. Each point represents the mean +s.e.m. from 13 experiments.
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Figure 5 Concentration dependence of Na*-independent [PH]FB
uptake by rat skeletal muscle MVECs. Cells were incubated for 5s
with a range of concentrations of [’H]FB in the absence and presence
of 50nM NBMPR or 10uM dipyridamole/10 uM NBMPR (non-
mediated uptake) in Na™-free buffer. Total transporter-mediated
uptake was calculated as the total cellular accumulation of [PH]FB
minus the nonmediated uptake component. Uptake via the ei
transporter was determined as cellular accumulation of [*H]FB in
the presence of 50 nM NBMPR minus the nonmediated uptake, and
es-mediated uptake was defined as the difference between the total
uptake and that seen in the presence of 50nM NBMPR. The
hyperbolic profiles observed were analyzed to obtain the maximum
rate of cellular accumulation of [PH]FB (V) and the Michaelis—
Menten (K,,) constants for the es and ei transporters, as reported in
the text. Each point is the mean +s.e.m. of five experiments.

was observed when 1 uM FB uptake (15s) was measured in the
presence of a range of concentrations of NBMPR. NBMPR
inhibited the uptake of [PHJFB in a biphasic manner (ICs,
0.46+0.14nM; ICsp, 4.54+1.1 uM) with about half of the
uptake (53+4%) being relatively insensitive to NBMPR
(Figure 6a). The NT inhibitors dipyridamole, draflazine and
dilazep also inhibited the total mediated uptake of [’H]FB by
the MVECs with 1Cs, values of 18+4nM, 29+6nM, and
1.0+0.4 uMm, respectively (Figure 6b—d). In all cases, the
pseudo-Hill coefficients (n;) derived from these data were
significantly less than 1 (0.3740.02, 0.44+0.01, 0.5640.05 for
draflazine, dilazep and dipyridamole, respectively). This
reflects the fact that, like NBMPR, these inhibitors also have
differential affinities for es and ei transporters. When similar
inhibition experiments were conducted in the presence of
50nM NBMPR (to inhibit es activity), draflazine, dilazep and
dipyridamole had ICs, values for inhibiting the remaining
ei-mediated uptake of 7304100, 730+170 and 200 +48 nM,
respectively, with ny values not different from 1.

Na™" -dependent uptake of [’H]FB

At 15°C, similar data were obtained in both normal (Na™-
replete) and Na*-free buffers, indicating that Na ™ -dependent
FB uptake was not occurring under those assay conditions.
However, when assays were conducted at room temperature
under conditions where equilibrative transporter activity was
blocked with 10 umM NBMPR/dipyridamole, a small, but
significant, amount of Na"-dependent 10 uM [PH]FB uptake
was discerned (¥; 0.00840.005pmol ul~'s~'; Figure 7). This
Na *-dependent uptake was inhibited by a panel of other
nucleosides (tested at 300 uM) with an order of potency
(adenosine > uridine > guanosine > thymidine > cytidine) con-
sistent with the operation of the purine-selective cif transporter
subtype (see Figure 8).

RT-PCR

RT-PCR revealed transcripts for ENT1, ENT2 and ENT3, as
well as for CNT2 (Figure 9a), but not CNT1 or CNT3, in
rMVECs after in vitro culture. CNT2 was also the dominant
concentrative transporter expressed in freshly isolated
rMVECs, with PCR product levels (relative to GAPDH)
approximately four-fold higher than those seen in the in vitro
cultures (Figure 9a). To confirm that the primers used for
CNTI1 and CNT3 were capable of amplifying the desired
product, we amplified CNT1 and CNT3 from rat brain tissue
(Figure 9b); CNT1 was also detected in skeletal muscle. We
also examined the level of CNT2 in a series of rat tissues. As
seen in previous studies (Che ez al., 1995), CNT2 was expressed
in the muscle, liver and brain, but not kidney (Figure 9b). A
single PCR product was obtained using each primer pair, and
product sizes were compatible with those predicted based on
the published sequences of these transporters (Table 1). The
ENT transcripts were subsequently subcloned and sequenced
to confirm identity. While some nucleotide substitutions were
noted, the PCR products from rat MVECs encoded for ENT1,
ENT2 and ENT3 proteins that were identical in amino-acid
sequence to those published previously for the rat ENTs
(GenBank accession #AFO015304, AF015305, AY273196,
respectively).
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Figure 6 Inhibition of transporter-mediated uptake of [P’H]JFB in rat skeletal muscle MVECs. Cells were incubated with 1 uM
[P*H]FB for 155 in the presence of the indicated concentrations of NBMPR (a), dipyridamole (b), draflazine (c) or dilazep (d). Assays
were conducted both with (NBMPR-resistant) and without (total uptake) incubation of cells with 50nM NBMPR to inhibit es-
mediated activity. Data are shown as the percent of control uptake where the ‘control’” was the transporter-mediated uptake of
[PH]FB in the absence of test inhibitor. The dotted line in (a) indicates the amount of [*H]FB uptake (47 +4%) that was relatively
resistant to inhibition by NBMPR (ei mediated). Each point represents the mean+s.e.m. from five experiments conducted in

duplicate.
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Figure 7 Na*-dependent uptake of 10 uM [PH]FB by rat skeletal
muscle MVECs. Cells suspended in either PBS or Na " -free (NMG)
buffer were incubated for 30 min with 10 uM dipyridamole/NBMPR
to inhibit all equilibrative NTs, and then exposed to [PH]FB for the
times indicated (abscissa). Cells were separated from the incubation
media using the oil-stop method described in the text, and the
amount of ["H]FB assessed as pmol accumulated per ul intracellular
water (ordinate). Assays (PBS/NMG) were conducted in parallel,
and each point represents the mean +s.e.m. from five experiments
conducted in duplicate.

Quantitative real-time PCR

To assess the impact of in vitro culture on the relative amounts
of the ENT subtypes expressed by rMVECs, we compared the
ENT mRNA levels in cells freshly isolated from rat skeletal
muscle to those that have been in culture for eight passages
(~1 month) using a Roche LightCycler system. The amplifi-
cation plots (fluorescence versus cycle number) derived for
rENTI, rENT2, rENT3 and f-actin in cultured rMVECs are
shown in Figure 10a. The cycle number at which the
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Figure 8 Inhibition of Na*-dependent [*'H]FB uptake by purine
and pyrimidine nucleosides. Cells were prepared in PBS (4 1 mMm
glucose) and incubated with 10uM dipyridamole and 10uM
NBMPR to inhibit all equilibrative NTs, and then exposed to
10uM [PH]FB for 15min in the presence of 300uM adenosine
(ADO), deoxyadenosine (dADO), uridine (URD), guanosine
(GUA), thymidine (THY) or cytidine (CYT). The uptake observed
in the absence of Na™ was assessed in parallel and subtracted from
all data. Results are shown as the percent of control uptake where
the control is the Na " -dependent uptake of [’H]FB in the absence of
purine/pyrimidine inhibitors. Each bar represents the mean +s.e.m.
from four experiments conducted in duplicate.

fluorescence signal was significantly different from baseline
(the crossing point, Cp) was used to compute the relative
concentration of the target genes from their standard curves.
Melting curves for all products had a single peak, indicating
a high degree of product specificity (Figure 10b). The melting
temperatures for ENT1, ENT2, ENT3 and f-actin were 87, 89,
88 and 86°C, respectively. Freshly isolated cells had signifi-
cantly higher levels of ENT1 (two-fold) and ENT2 (nine-fold)
than cells that had been passaged in vitro up to eight times
(Figure 10c). ENT3 mRNA levels, on the other hand, did not
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Figure 9 Expression of ENTI, ENT2, ENT3, CNT1, CNT2 and
CNT3. RT-PCR was conducted as described in the text using
primer pairs and conditions shown in Table 1. PCR products were
resolved on 1.2% agarose gels. (a) Expression of ENTI, ENT2,
ENT3 and CNT2 by rMVECs. The gels shown are representative of
more than 20 independent PCR reactions for the ENTs (A) and two
independent reactions for CNT2 (B). CNT2 expression was assessed
in both freshly isolated (PO) and in vitro (P8) cultured rMVECs,
along with the respective GAPDH controls. A DNA ladder is shown
on the left with the 1500 and 600bp bands highlighted. (b)
Expression of CNT1, CNT2 and CNT3 in rat brain, kidney, liver,
skeletal muscle and MVECs. This figure is a composite of four
agarose gels, but the same first-strand DNA preparation was used as
template for the amplification of each transcript. This experiment
was repeated twice with similar results obtained.
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change with in vitro cell culture (Figure 10c). The PCR
products obtained using these primers were of the expected size
(Table 1, Figure 10d).

Discussion

MVECs form the primary barrier between the vasculature and
surrounding tissue. Therefore, factors that affect adenosine
flux through this barrier would be expected to impact on the
biological effects of adenosine (Gamboa er al., 2003).
Adenosine also has direct effects on endothelial cells, including
modulation of cell proliferation (Burnstock, 2002b) and
apoptosis (Wakade et al., 2001) through both protein kinase
C and MAP kinase pathways. The rate of cellular uptake and
metabolism by endothelial cells would also affect these direct
actions of adenosine. Previous work has demonstrated that
endothelial cells from large vessels such as human umbilical
cord (HUVEC) express NTs that are mainly of the es subtype
(Sobrevia et al., 1994), although an ei-type transporter has
been described in a transformed cell line derived from
HUVECs (ECV304) (Osses et al., 1996). Others have also
noted differences in the expression of various phenotypic
markers between primary endothelial cell cultures and
immortalized cell lines such as ECV304 (Unger et al., 2002).
Furthermore, endothelial cells from the microvasculature are
different from large vessel endothelial cells both morphologi-
cally (Craig et al., 1998; Feoktistov et al., 2002) and in their
sensitivity to circulating mediators such as insulin (King et al.,
1983). Therefore, it is important to interpret data obtained
from endothelial cell cultures in the context of the tissue from
which they were originally derived.
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Figure 10 Quantification of rENTI, rENT2 and rENT3 mRNA in rMVEC cells by real-time PCR. (a) Representative PCR
amplification plots for rENT1, rENT2, rENT3 and f-actin were generated by real-time PCR as described in the text. Crossing point
(Cp) values, obtained from SYBR Green I fluorescence signals, were used to compute relative concentrations of f-actin, hENTI,
rENT2 and rENT3 from their respective standard curves. (b) PCR products were subjected to melting-curve analyses to determine
the specificity of the products. All samples showed a single product. (c) Bar graph of the relative amounts of rENT1, rENT2 and
rENTS3, normalized to the f-actin signal, in freshly isolated (PO) versus in vitro cultured (P8) rMVECs. Each bar is the mean +s.e.m.
of three separate amplification runs from each of two independent mRNA isolations. *Significant difference in ENT expression
between the PO and P8 cells (Student’s #-test, P<0.05). (d) Products obtained from the real-time PCR amplifications (P8 cells) were
resolved on a 1% agarose gel, along with a DNA ladder (left lane; bp), in Tris-EDTA buffer and visualized with 0.5 ugml™
ethidium bromide. The products obtained were of the expected size (f-actin, 175bp; rENTI, 157 bp; rENT2, 278 bp; and rENT3,

406 bp).
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MVEC:s derived from skeletal muscle of rat had two classes
of binding sites for the es-selective radioligand ["H]NBMPR.
The higher-affinity component bound [PHINBMPR (and other
NT inhibitors) with a K, that was compatible with the well-
characterized inhibitor binding site on the es transporter
(Thorn & Jarvis, 1996; Hyde et al., 2001). The lower-affinity
component may represent intracellular NBMPR binding sites,
as has been reported for BeWo cells (Boumah et al., 1992;
Mani et al., 1998). The high level of es expression in MVECs is
compatible with the previously reported autoradiographic
colocalization of [PHINBMPR labeling with von Willebrand
factor VIII staining in both heart (guinea-pig and rat) and
brain (rat) sections (Parkinson & Clanachan, 1989; Parkinson
& Fredholm, 1991), and supports the hypothesized role of
endothelial cells as regulators of adenosine concentrations in
the vasculature.

The functional presence of an es-like transporter was
confirmed through [*H]FB influx studies. FB has been used
extensively as a substrate for the analysis of NTs in
mammalian cells due to the fact that it is poorly metabolized
(phosphorylated) relative to endogenous nucleosides such as
uridine and adenosine over the time periods of these assays
(<5min) (Plagemann & Woffendin, 1989). The finding that
FB was accumulated in rat skeletal muscle MVECs to
intracellular levels (~1uM) not significantly different from
the initial extracellular medium concentration (1 uM) con-
firmed that the transporters operating in these cells, under
these experimental conditions (15°C), were truly equilibrative
in nature. Na*-dependent FB uptake was observed only at
room temperature (not at 15°C) after blockade of the
equilibrative systems with dipyridamole/NBMPR. This Na " -
dependent uptake was likely mediated by the purine-selective
CNT?2 transporter, as RT-PCR did not detect the presence of
CNT3 (which can also transport FB) in rMVECs, and the
Na*-dependent FB uptake component was significantly more
sensitive to inhibition by the purine nucleosides (adenosine/
guanosine) than pyrimidine nucleosides (thymidine/cytidine).
This CNT2-mediated transport component represented less
than 1% of the total FB uptake capacity of these cells, and is
unlikely to have a major impact on total nucleoside uptake by
isolated MVECs in the presence of fully functional es and
ei transporters. Given the large apparent difference in CNT2
expression between skeletal muscle tissue and tMVECs (see
Figure 9b), it is clear that other cell type(s) in skeletal muscle
(possibly myocytes) express much higher levels of CNT2 than
do MVECs.

Approximately half of the dipyridamole-sensitive Na™-
independent uptake of FB was inhibited by low nanomolar
concentrations of NBMPR (ICso=0.46+0.14 nM), character-
istic of an es-type transporter. The remaining dipyridamole-
sensitive FB influx, seen in the presence of 50nM NBMPR,
was likely mediated by an ei subtype of NT. A 1:1 (~) ratio of
es:ei transport activity was also apparent from the similar
Vimax Values obtained for the dipyridamole-sensitive FB uptake
in the presence and absence of 50 nM NBMPR (see Figure 7).
These es and ei functional activities were likely mediated,
respectively, by the ENT1 and ENT2 transporters expressed
by these cells (Figure 9). However, a role for ENT3, which was
also expressed by MVECs (see Figures 9 and 10), in the
NBMPR-insensitive (ei-mediated) uptake of FB cannot be
excluded at this time. ENT3 is thought to be expressed in
intracellular organelles, but its functional characteristics have

yet to be elucidated (Hyde et al., 2001; Baldwin et al., 2004).
FB had a two-fold higher affinity (K,,) for the ei transporter
relative to the es subtype; a similar selectivity of FB for the
ei transporter has been observed previously in a mouse Ehrlich
ascites tumor cell model (Burke et al., 1998). Assuming that
the high-affinity component of ['HINBMPR binding repre-
sents the plasma membrane es transporter (see above), these
data allow the calculation of a translocation rate of ~45
molecules of FB transporter~'s™' for the es transporter of
MVECs. This value is about three-fold lower than that
reported previously for the es transporter in human erythro-
cytes (Jarvis & Young, 1980; Jarvis et al., 1982), a difference
likely attributable to the reduced temperature at which uptake
was measured in the present study.

The high proportion of FB uptake mediated by the e/ system
in rMVECs (~50%) is worth noting. Pearson et al. (1978)
reported the presence of two carrier-mediated transport
processes for nucleosides in cultured pig aortic endothelial
cells. The high-affinity component was selectively inhibited
by dipyridamole and NBMPR (likely mediated by an
es transporter), while the lower-affinity component, which
mediated less than 30% of the uptake, was inhibited by
adenine. Sobrevia et al. (1994) reported that all of the
equilibrative nucleoside transport in HUVECs was sensitive
to NBMPR (i.e. no ei-mediated uptake). More recently, Osses
et al. (1996) reported that hypoxanthine, a by-product of
adenosine metabolism and a nucleobase associated with free
radical formation, enters human vascular endothelial cells via a
transporter with ei characteristics. In this latter study, the ei
system mediated 20-30% of total influx of adenosine, with the
remainder mediated by the es transporter. Similarly, Chishty
et al. (2003) recently reported that an immortalized rat brain
endothelial cell line, RBE4, functionally expressed es, ei, cif
and cib transporters, with ei-mediated uptake of adenosine
representing 20% of the total influx. While there are clear
differences in NT subtype expression among the above cell
models (possibly reflecting the different vascular sources and/
or culture conditions) (Craig et al., 1998; Unger et al., 2002), in
no case did ei represent more than 30% of the total uptake
capacity of the cells. Interestingly, high levels of ei-mediated
transport have been reported in rat epididymal epithelial cells
(Leung et al., 2001), rat erythrocytes (Jarvis & Young, 1986)
and rat glial cells (Sinclair ez al., 2000), suggesting that a
relatively high level of ei-like transporter activity might be a
general characteristic of the rat biology. Given the dramatic
nine-fold reduction in ENT2 mRNA that was apparent upon
culture of the freshly isolated rMVECs (Figure 10c), MVECs
in vivo might have an even higher ratio of ENT2:ENTI1
transport activity than the 50: 50 ratio observed in the in vitro
cultures. Unfortunately, it is not possible to obtain sufficient
cells to conduct transport assays on the freshly isolated
preparations, and antibodies to the rat ENTs are not available,
so one can only speculate at this point on the relationship
between ENT mRNA levels and transporter protein expres-
sion. The ei transporter (unlike es) can accept nucleobases,
such as hypoxanthine, as substrates (Osses et al., 1996; Yao
et al., 2002). Hypoxanthine is subsequently metabolized to uric
acid via xanthine oxidase with the consequent generation of
oxygen free radicals. These free radicals are potentially
damaging to the cardiovasculature (Abd-Elfattah et al.,
1988; Sohn et al., 2003). High levels of ¢i/ENT2 expression
could be a protective mechanism, allowing endothelial cells to
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release hypoxanthine generated during periods of high
adenosine bioavailability. This would reduce the formation
of reactive oxygen species in the endothelial cells that would
otherwise occur with further intracellular metabolism of
hypoxanthine (Kinugasa et al., 2003; Sohn et al., 2003).

The order of potency for the inhibition of NBMPR binding
by a series of recognized NT inhibitors (NTBGR > draflazi-
ne =dilazep >dipyridamole) was typical of that of the es
transporter in rat tissues (Griffith & Jarvis, 1996). All of the
inhibitors were strictly competitive in their kinetics, with K;
values derived by the Cheng—Prusoff relationship correlating
well with those derived directly by double reciprocal plot
analysis. However, it is worth noting that the pseudo-Hill
coefficients for these inhibitors were typically less than unity,
suggesting the presence of more than one population of
NBMPR binding site (compatible with the curvilinear
Scatchard profile shown in Figure 1b), or cooperative binding
site interactions, in the rat skeletal muscle MVECs. Finally, in
the functional uptake assays, draflazine, dilazep and dipyr-
idamole all inhibited FB uptake in a relatively monophasic
manner, albeit with shallow concentration—effect profiles
(pseudo-ny; values <0.6). These shallow inhibitor profiles
reflect a differential affinity of these inhibitors for the es and
ei transporters in the rMVECs. When similar studies
were conducted in the presence of 50nM NBMPR to block
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