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Abstract

Introduction. Adenosine is taken up via human equilibrative eoside transporters 1
(hENT1) and 2 (hENT2) at a physiological extradeliypH (pHo[J7.4) in human umbilical
vein endothelial cells (HUVECSs). Acidic pHo increasthe uptake of adenosine and 5-
hydroxytryptamine (5HT) via hENT4 in this cell typHowever, modulation of hENT1 and
hENT2 transport activity by the pHi is unknown. Vifevestigated whether hENT1 and
hENT2-adenosine transport was regulated by acidic p

Methods HUVECSs loaded with a pH sensitive probe were stibpto 0.1-20 mmol/L NkCI
pulse assay to generate 6.9-6.2 pHi. Before pHiiestdo recover, adenosine transport kinetics
(0-500 pmoal/L, 37°C) in the absence or presenc& 10qumol/L S(4-nitrobenzyl)-6-thio-
inosine (NBTI), 2 mmol/L hypoxanthine, 2 mmol/L exdne, 100umol/L 5HT, or 500
umol/L adenosine, was measured.

Results Overall adenosine transport (i.e., hENT1+hENT2)sveemisaturable and partially
inhibited by 1 pmol/L, but abolished by 10 umol/BN in cells non-treated or treated with
NH4CI. The initial velocity and non-saturable, lineamponent for overall transport were
increased after NI pulse. hENT1 and hENT2-mediated adenosine tahsmaximal
capacity was increased by acidic pHi. hENT1 agtiwas more sensitive than hENT2 activity
to acidic pHi.

DiscussionhENT1 and hENT2-adenosine transport is diffeediytregulated by acidic pHi in
HUVECSs. These findings are important in pathologiesociated with pHi alterations such as

gestational diabetes mellitus.

Keywords: adenosine transport; intracellular pH; ENT tramsgrs; endothelium; foetus
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1. Introduction

The maintenance of a physiological intracellulgidij and extracellular (pHo) pH is
under light modulation by plasma membrane transpathanisms that remove protons)H
to the extracellular space [1-3]. These phenomealade the sodium (N3¥H" exchanger 1
(NHEZ1) as the primary regulator of the pHi/pHo eatUptake of metabolic substrates happens
via different membrane transport systems in adudt faetoplacental endothelium [4,5]. Some
of these transport systems depend on the pHo, asdimose mediating adenosine and 5-
hydroxytryptamine (5HT) [6]. The endogenous nudé@esadenosine is reported to increase
the L-arginine transport and synthesis of nitricdex(NO) in the human foetoplacental micro
and macrovascular endothelium from normal or paiiobl pregnancies such as gestational
diabetes mellitus (GDM) [7-10]. This phenomenonuttss from activation of adenosine
receptors due to the extracellular accumulatiorthig nucleoside arising from a reduced
uptake by the foetoplacental endothelium [8,10,THus, a proper function of membrane
transport mechanisms modulating the extracellutarcentration of adenosine is critical to
mantaining the physiological cell metabolism insthiascular bed [4,8-10] as in other tissues
[5,6].

Adenosine nucleoside is taken up via the humaililecive nucleoside transporters
(hENTS) in the human umbilical vein (HUVECS) [1X]jdaplacental microvascular (hPMECS)
[12] endothelial cells. hENTs corresponds to a farof at least four proteins, i.e., hENTL,
hENT2, hENT3, and hENT4. hENT1 and hENT2 mediatnadine uptake in HUVECs from
normal or pathological pregnancies, including GDM][ Despite the proposed activation of
hENT4-mediated adenosine and 5HT transport in respto an acidic pHo in HUVECs [6],
the role of a change in pHi or pHo regulating hENaRD hENT2 transport activity in this or

other cell type is unknown [3,5]. One study shoWwat tan acidic pHi increases adenosine



80

85

90

95

100

efflux in perfused rat skeletal muscle [13], butt mm attempt to address the type(s) of
membrane transporters involved in this phenomenas given. Additionally, pre-gestational
diabetes mellitus associated with acidic pH (pH2x™ the umbilical vein blood [14]. Since
GDM also associates with lower hENT1 and hENT2-medi adenosine transport in
HUVECs [11] and hPMECs [12], we hypothesize thaera$ine transport mediated via

hENT1 and hENT2 is under regulation by an acidic ipHHUVECs.

2. Materials and methods

See the expanded Methods section in the onlinel8oy@ntary material.

2.1.  Umbilical cords and cell culture

Human placentas were collected after deliverynf@il full-term normal pregnancies
from the Hospital Clinico UC-CHRISTUS in Santiage @hile (investigation conforms to the
Declaration of Helsinki, and counts with Ethics QGuittee approval from the Faculty of
Medicine of the Pontificia Universidad Catolica Gaile and informed consent of patients).
Sections of umbilical cords were transferred in@® 2nL phosphate-buffered saline (PBS)
solution ((mmol/L): 130 NaCl, 2.7 KCI, 0.8 MdPQ,, 1.4 KHPO, (pH 7.4, 4°C)) to the
laboratory.

Human umbilical vein endothelial cells (HUVECSs) regasolated by digestion with
collagenase from umbilical cord veins and cultuig G, 5% CQ, 37°C) in primary culture
medium (PCM: medium 199 (M199, Gibco Life Technabsy Carlsbad, CA, USA), 5
mmol/L D-glucose, 10% new born calf serum, 10%dbealf serum (Gibco), 3.2 mmol/L L-
glutamine, 100 U/mL penicillin-streptomycin (Gibg@s described [10,15]. Experiments were

in primary cultured cells in passage 3 in the abseor presence of 1 or 10nol/L S(4-
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nitrobenzyl)-6-thio-inosine (NBTI) (Sigma, Atlant&A, USA), inhibitory concentrations for
hENT1 or hENT1+hENT2 transport, respectively, 2 riiindypoxanthine, and 2 mmol/L
adenine (nucleobases taken up via ENT2) [11]. Rhmkperiments were in the presence of
100 umol/L 5-hydroxytryptamine (5HT, an amine that ikéa up via ENT4 at pHo ~5.5) [6]
or 500 umol/L adenosine. Cell viability was assayed usia@,5-dimethylthiazol-2-yl)-2,5-

diphenyltetra-zolium bromide assay (Sigma-Aldriak)reported [16].

2.2.  pHi measurement and recovery

Cells were loaded (10 minutes, 37°C) with the faszent pH sensitive probe 2,7-
bicarboxyethyl-5,6-carboxyfluorescein acetoxymethgkter (BCECF-AM, 12 umol/L)
(Sigma-Aldrich) as described [16-18]. Probe exaosas removed rinsing (x3) with control
solution (CS) ((mmol/L) NaCl 145, KCI 5, NaPO, 1 NaSO, 1, CaC} 1.8, MgCh 1, HEPES
30, D-glucose 5 (pH 7.4, 37°C)). Fluorescence satiere registered every 2 seconds interval
(150 seconds). The pHi was estimated using standaliiration curves with 10 pmol/L
nigericin in calibrating solution (pH 6.2, 7.2, B&s described [16-18]. The pkecovery was
examined by the NICI pulse technique [16-18]. After the basal pHi wsabilized (B
minutes) cells were exposed (2 minutes) to CS @iih 1, or 20 mmol/L NECI (NH,CI/CS
solution). Cells were then rinsed with WE-free CS (for media composition see online

Supplemental Methods) and cell viability assayedtas/e.

2.3. Transport assays
Since pHi recovery started after 15 seconds obxamof NH,CI/CS, transport assays

in CS were at 10 seconds (37°C). The differencevém total 2,33H]adenosine uptake



(NEN, Dreieich, FRG) in the absence or presencé gimol/L NBTI was ENT1-mediated
125 adenosine transport. The difference between ademagitake in the presence of 1 and 10
pmol/L NBTI, 2 mmol/L hypoxanthine, or 2 mmol/L adee was hENT2-mediated adenosine
transport [11,15]. Overall 100 pmol/L*H]hypoxanthine (NEN) was also measured as
described for adenosine. Initial rate) (for overall transport, maximal velocitW .y and
apparent Michaelis-Menten constaHt,f of saturable transport was determined as reported
130 [11,12]. The relative contribution of hENT1 and HEN("™"™?F) to total transport in cells
non-treated {NH4) or treated «NH4) with NH,Cl was estimated fronVm./Km,, and the
relative effect of NHCI on transport activity via hENT1 (XN enr) or hENT2 (17

NF4NAE ent) was estimated (see Supplemental Methods).

135 2.4. Western blotting
Total protein samples separated via polyacrylangeleelectrophoresis were probed
with a primary polyclonal goaanti-hENT1 (1:1000) oranti-hENTZ2 (1:1000) (Santa Cruz
Biotechnology, USA), or monoclonal mouaati-3-actin (1:3000) (Sigma Aldrich, St Louis,
MO, USA) antibody, followed by incubation (1 houm)Tris buffer saline Tween/0.2% bovine
140 serum albumin containing secondary horseradishxpase conjugated goat anti-goat or anti-
mouse antibodies (Santa Cruz Biotechnology) asritbest[11,12]. Proteins were detected by
enhanced chemiluminescence in a ChemiDoc-It 51@ém&ystem (UVP, LCC Upland, CA,

USA) and quantified by densitometry [11,12].

145 2.5. Statistics
Values are mean + SEM, where n indicates the numobdifferent cell cultures (3-4

replicates) from various pregnant women. Compasdmgtween two and more groups were
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performed by Student’'s unpairetitest and analysis of variance (2-ways ANOVA),

respectivelyP<0.05 was considered statistically significant.

3. Results
3.1. Basal pHi

The basal pHi value (7.21 + 0.04) (Fig. 1A) wawéo in cells exposed to NEI in a
concentration-dependent manner, without alteriregctll survival (Fig. 1B). NECI increased
the pHi value (Fig. 1C), and NBI removal caused rapid acidification (~1 secomdprering
to initial pHi value in ~7 minutes. Intracellulacidification was for 15 seconds before a

significant pHi recovery (Fig. 1D).

3.2. NHCI effect on adenosine uptake

Overall adenosine uptake was equally inhibitectdggnosine or 1 pmol/L NBTI in the
absence of NECI (Fig. 2A). Hypoxanthine and adenine caused aominhibition unaltered
by these molecules. Adenosine uptake was alsoiiatlilby 10 umol/L NBTI in a higher
proportion than 1 pumol/L NBTI. The fraction of ug&inhibited by 10 versus 1 pmol/L NBTI
(0.051 + 0.01 pmol/ug protein/second) was simitathie inhibition by hypoxanthine, adenine,
or hypoxanthine + adenine. Hypoxanthine + adenir@enosine caused the larger inhibition
(0.187 £ 0.021 pmol/pg protein/second) and waslamo the added individual inhibitions
caused by these molecules alone.

The challenge with 1 mmol/L Ni&I increased overall adenosine transport (Fig. 2A).
A higher inhibition of 1 pmol/L NBTI and adenosim&s seen compared with cells in the
absence of NECI. Adenosine uptake was further reduced by 10 ({méBTI. The inhibition

caused by 10 versus 1 umol/L NBTI (0.063 + 0.00®iinyg protein/second) was similar to
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the inhibition by hypoxanthine, adenine, or hypdkare + adenine. hENT1-adenosine uptake
was higher than hENT2-mediated uptake in cells tneated or treated with Ni&I (Fig. 2B).
Incubation with 1 mmol/L NECI increased hENT1- and hENTZ2-adenosine transport;
however, the increase in hENT1- was higher than TiEMediated transport. Incubation of
cells with 5HT unaltered adenosine uptake.

Hypoxanthine uptake was inhibited by 10 pmol/L NBAlith or without adenine or
SHT, but increased by Nj@l (Fig. 2C). hENT2-hypoxanthine uptake was higliean
hENT1-uptake in cells non-treated or treated witH,8l (Fig. 2D). NHCI increased only

hENT2-hypoxanthine uptake.

3.3. pHi-dependent adenosine uptake

Overall adenosine uptake was higher in cells iatedb with NHCI in a concentration-
dependent manner (Fig. 3A). NBTI inhibited uptakaswgreater as Nj&l concentration
increased. hENT1- and hENT2-adenosine uptake iseteaith NHCI (Fig. 3B) with similar
ECso values ECsp = 1.2 + 0.3 and 1.3 + 0.3 mmol/L N&l for hENT1 and hENT2,
respectively) and comparable to overall transpg@s§ = 1.2 £ 0.2 mmol/L NHCI). hENT1-
and hENT2-adenosine uptake increased by acidicvphlies (Fig. 3C). Equally, the slope of
hENT1 and hENT2-mediated uptake increase as themaldilower, and slope of pHi effect
was higher for hENT1- compared with hENT2-adenosipeake (-0.298 0.029 versus -
0.081+ 0.031 pmolig protein/second/(pHi unit)). The N8I-increased slope and adenosine
uptake via hENT2 were less pronounced than thesergders for hENT1-mediated transport.
Parallel experiments show that protein abundanceENT1 was higher (2.5 + 0.2 fold) than

hENT2 in HUVECSs (Fig. 3D), confirming previous obsations in this cell type [11,15].
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3.4. pHi-dependent hENT1 and hENT2 transport kiseti

Overall adenosine transport was semisaturable artially inhibited by 1, but
abolished by 10 umol/L NBTI (Fig. 4A). The andKp for overall transport were higher in
NH4CI treated compared with non-treated cells (TableThe Kp was reduced by 1 pumol/L
NBTI to similar values in NECI treated and non-treated cells. Eadie-Hofstee fplooverall
transport was biphasic, except in the presence® qifritol/L NBTI.

Saturable adenosine transport via hENT1 (Fig. 4BJ hENT2 (Fig. 4C) were
saturable, adjusted to a single Michaelis-Mentenaggn, with linear Eadie-Hofstee plots.
NH4Cl increased th¥max and appareri,, for saturable transport (Table 1). THg./Km was
higher in NHCl-treated cells for both membrane transportersgyfhe relative contribution
of NH,CI to a change in th&,./Kn, for adenosine transport was higher for hRENT1 caegha

with hENT2-mediated.

4. Discussion

This study shows that ENTs activity in HUVECsusder regulation by the pHi.
Intracellular acidification increases adenosin@gpert with hENT1 being more sensitive to
pHi than hENT2-mediated transport. Increase transgtmws with higher maximal adenosine
transport capacityMma/Km) in HUVECSs. This phenomenon could be crucial tantaning
the extracellular concentration of adenosine tlagalating its broad biological effects with
implications in diseases associated with dysreguiadf hENTs activity, such as GDM and

cancer, where pHo [11,12] and pHi [17] are altered.
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Primary cultured HUVECs show a pHF.2 when exposed to pHdr.4, suggesting
adequate pHi modulation under physiological conddi The pHi in HUVECs was similar
[19-22] or slightly lower [23] to previous repoitsthis cell type, but close to pH in the human
umbilical vein blood (pH7.35) [14,24,25]. Thus, pHi modulation in foetaldethelium is
tunned with pHo changes (see review [3]). Lower pHiue is observed in lymphoblasts
incubated with 25 mmol/L D-glucose likely due tdieated NHE1 [25]. NHE1 is an isoform
of NHE’s membrane transporters playing a significarte in the regulation of pHi [1-3]. It
was reported that a delay in pHi recovery afteracgllular acidosis reduces endothelial cell
activation [21] probably due to lower activation NHE1 and V-type H ATPases [26,27].
Thus, an acidic intracellular medium results in olatdon of plasma membrane transporters
activity.

hENT1 and hENT2 isoforms of thBLC29Afamily members mediates adenosine
uptake under a physiological pHo (pHB.4) in HUVECs [11]. hENT1 protein abundance is
higher than hENT2 protein abundance under thesditbmms, confirming previous results in
HUVECs [11,15]. Also, the relative contribution BENT1 to adenosine transpoff\™F_
nHa) Was [B.5 fold than for hENT2 mediated adenosine trarspdtd VECs also expresses
hENT4, an isoform with nucleoside and 5HT transpettvity increased at pHdb.0-6.5, but
not functional for adenosine uptake at pHo >7.0. [Bince changes in pHo results in
modulation of pHi, as described in neonatal rabtdrbody type-l cells [28], increased
hENT4 activity reported in HUVECs could be a resgomo pHi acidification. However, the
latter is unlikely since an extracellular alkalipat increased the pHi, but extracellular
acidification did not alter pHi in rat aorta endelial cells [29]. Our results show that overall

adenosine uptake in HUVECs is increased by inthaleel acidification with a preferential
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activation of the maximal transport capacity viaNAH compared with hENT2 ((1/
NHAENHAE ) (LNHNHAE, p) [1.15). SinceECso values for NHCI-reduced pHi were
comparable to NECl-increased overall and hENT1 or hENT2-transpmipsitive correlation
between intracellular acidification and increasel@rosine transport is likely in HUVECs.
The latter was confirmed by results showing higslepe (B.7 fold) of hENT1 compared
with hENT2-adenosine transport. Since JHpulse also increased hENT2-, but not hENT1-
hypoxanthine uptake, and was unaltered by 5HT, HENTunder modulation of acidic pHi in
HUVECs.

The acidic pHi-dependent increase in hENT1 trartspdivity is seen from a reduction
in 0.3 pHi units; a phenomenon maintained up tchange in 1 pHi unit. Interestingly, a
decrease ifnD.5 pHi units increases adenosine efflux in peduse soleus muscle fibers [13].
Since ENTs-adenosine transport is bidirectional miate concentration gradient, similar
kinetics properties (i.e., apparent affinity K1), Vmax OF VmadKm) for influx and efflux are
likely [5]. Additionally, the acidic pHi-dependeiricrease in ENTs-adenosine transport is not
exclusive for HUVECs. The possibility that adenesuptake at pHi 6.0-6.5 was mediated by
activation of hENT4 in HUVECSs is unlikely since 5HWhich is taken up by hENT4 [6], did
not alter overall, hENT1, and hENT2 transport.

Overall adenosine transport (up to 500 umol/L adere) was mediated by a saturable
plus a linear, non-saturable component workingdraliel, as reported for adenosine [11,15]
and other substrates [17,30] and cell types [30-BRis phenomenon was reflected in a non-
linear, biphasic representation of the Eadie-Hefgits of overall data. The latter meaning
that two or more membrane transport mechanisms siitiilar kinetics transport parameters

or availability at the plasma membrane [31,32]ikely. Indeed K, values for hENT1- and
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hENT2-mediated transport were similar in HUVECs +i@ated or treated with NI
Inhibition of overall transport with 1 pumol/L NBTIla concentration that inhibits ENT1
transport activity [5,11], resulted in a straighst order regression line in the Eadie-Hofstee
plot suggesting a transport mechanism that wasylikediated by hENT1 and hENT2 acting
in parallel. Indeed, 10 pmol/L NBTI, a concentratimhibiting ENT1 and ENT2 activity
[5,11], abolished adenosine transport. Since,BGlHncreased the saturable hENT1- and
hENT2-adenosine transport and Eadie-Hofstee plet® Wnear, it is unlikely that an acidic
pHi will induce expression or recruitment of adolital membrane transport mechanism(s) in
HUVECSs. Interestingly, NECI increased th&,, and Vnax values for hENT1- and hENT2-
mediated transport. Thus, activation caused byi@agpidi likely involves a higher availability
of these membrane transporters at the plasma mambrad changes in their affinity or other
intrinsic properties. An increase in ENTs activgysuggested by the increasevin/Km seen

in these cells. Since the relative effect of JAHoON Vina/ Kiy for hENT1-transport was higher
(1 NHENRAE 1 NNRAE i ~1.2) than for hENT2-transport, confirms that aidi
pHi affects the transport capacity of HUVECs.

In conclusion, HUVECs show adenosine transport atedi by hENT1 and hENT2
whose activity depends on pHi. An acidic pHi in@es the activity of these membrane
transporters by increasing th&lr./Kny, an effect higher in hENT1 compared with hENT2-
adenosine transport. As far as we know, this isfif# study addressing that adenosine
transport via hENT1 and hENT2 is modulated by clkeangn pHi in HUVECs, and
complement those showing modulation of nucleosidasport by pHo in this cell type [6].
Since the broad biological actions of adenosinethe human body [5], including the
foetoplacental vasculature [3,5,9,11,12,33-35],nges in the capacity of the endothelium to

remove this nucleoside from the extracellular sp&ecrucial. Our results may have
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implications in pathological conditions where hENAdenosine transport is reduced such as
in GDM-derived HUVECSs [11] or human placental miascular endothelial cells [12] (see
Fig. 5). GDM associated with low&fn./Km and hENT1 expression in these cell types, and
pregestational diabetes mellitus courses with agéi (pH <7.2) in the umbilical vein blood
[3,14]. Thus, GDM could potentially associate watbidic pHo resulting from increased H
efflux leading to intracellular alkalization as o#fed in cancer cells [2,3,17]. However, there
is not available information regarding changeshi gnd hENT1 and hENT2 activity in GDM
or hyperglycaemia [2,3,34]. Therefore, since hENaad hENT2-mediated adenosine
transport is increased by acidic pHi, looking fortterapeutic approach to restoring a
physiological pHi/pHo ratio, perhaps involving m@sition of proper H efflux via NHE1
[2,3], could be beneficial to re-establish GDM-redd adenosine transport in HUVECS.
Interestingly, adenosine down-regulates hENT1 esgiom and activity involving #s
adenosine receptors subtype in hPMECs from normenancies [36]). However, whether
adenosine receptors are involved in pHi modulatiothe foetoplacental endothelium is not

yet reported [2,3,34,35].
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Fig. 1. Effect of NH,Cl pulse on cell pHi and viability. A, Primary cultures of HUVECs

were preloaded with BCECF-AM and transferred intspactrofluorometer. Basal pHi
was stabilized and then cells were exposed (~2 tes)io a Nafree solution without
(0) or with NH,CI. Cells were then rinsed with N8I-free solution and left in this
medium. pHi values were estimated from a calibrat@urve with nigericin (see
Methods). B, Alive cells counted in a haemocytomeitader the same conditions as in
A. C, Cells were preloaded with BCECF-AM and transfd into a spectrofluorometer.
After basal pHi was stabilized the cells were exgb& minutes) to a control solution
containing 20 mmol/L NECI (+ NH4CIl). Cells were then rinsed with N8I-free
solution (— NHCI) and left in this medium. pHi values were estiatdaas in A. The
circle indicates the section of the trace showD.iD, Data for the first 15 seconds after
removal of NHCI as in C. Arrow indicates the time (10 seconds}dufor transport
assays. In A and B,P<0.05 versus without NICI. Values are meat S.E.M. (n = 22).

In C and D, Data is representative of other 27eddht cell cultures.
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Fig. 2. Effect of NH,Cl on adenosine and hypoxanthine uptakeA, Adenosine (1@umol/L)
uptake (10 seconds, 37°C) was measured in primdiyres of HUVECs non-treated
(=NH4CI) or treated (+NHECI) with 20 mmol/L NHCI as described in Materials and
Methods. Cells were in the absence (=) or preséac®f S(4-nitrobenzyl)-6-thio-
450 inosine (NBTI), adenosine, hypoxanthine, adeninend/@ 100 pmol/L 5-
hydroxytryptamine (+5HT and —5HT). B, Adenosine ak@ mediated by hENT1 or
hENT2 from data in A. C, Hypoxanthine (1Qénol/L) uptake (10 seconds, 37°C) was
measured as in A in the absence or presence of NBdénine, or 5HT. D,
Hypoxanthine uptake mediated by hENT1 or hENT2 frdama in C. In A: £<0.05
455 versus all other corresponding values in +5HT odF51P<0.05 versus Jumol/L
NBTI and all other values. In BP<0.05 versus values in hENT1 in —NE1. TP<0.05
versus corresponding hENT2 and hENT1 in 48H In C: *P<0.05 versus
corresponding values in —N8I. 1P<0.05 versus corresponding values in the absence
or 1 umol/L NBTI. In D: *P<0.05 versus corresponding hENTIP<D.05 versus

460 corresponding hENTZ2. Values are ma&af.E.M. (n = 16-22).
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465 Fig. 3. pHi dependency of hENT1 and hENT2-mediateédenosine uptake.A, Overall
adenosine (1Qumol/L) uptake (10 seconds, 37°C) measured in pgincaittures of
HUVECs non-treated (0) or treated with MH as described in Materials and
Methods. Uptake was in the absence (Control) asgiree ofS-(4-nitrobenzyl)-6-thio-
inosine (NBTI). B, Adenosine uptake mediated by RENr hENT2 from data in A.

470 C, Adenosine uptake mediated by hENT1 or hENT2 fideta in B. The pHi was
estimated from a calibration curve with nigericifge Materials and Methods). D,
Representative Western blot for hENT1 and hENTRIWECS at basal pHif-actin
is internal reference). Lanes are two different celtures from different umbilical
cords representative of other five samples fromgmaaet women.Lower panel

475 densitometry ratios for hENTR/actin or hENTZB-actin normalized to 1 for hENT1.
In A and B: *P<0.05 versus corresponding 0 MH. In C: *P<0.05 versus pHi 7.2. In

D: *P<0.04 versus hENTL1. Values are m&a8.E.M. (n = 22).
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480 Fig. 4. Effect of NH,Cl on adenosine transport kinetics.A, Overall adenosine uptake (10
seconds, 37°C) in primary cultures of HUVECs n@ated (Control) or treated with
NH4Cl as described in Materials and Methods. Transpas in the absence or
presence o0& (4-nitrobenzyl)-6-thio-inosine (NBTI). B, Saturaébhdenosine transport
mediated by hENT1 from data in A. Data was adjusted single Michaelis-Menten

485 equation to obtain maximal velocity and apparentchdelis-Menten constant of
adenosine transport at initial rates (lineal uptake to 10 seconds) (see online
Supplemental Methods). C, Saturable adenosinepoansediated by hENT2 from
data in A (data analysed as in B). Lower panelsnvsborresponding Eadie-Hofstee
plots. Values are meanS.E.M. (n = 22).

490
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Fig. 5. Physiological context for pHi-modulated adeosine transport in the human

foetoplacental endothelium in gestational diabetesnellitus. In human umbilical
vein endothelial cells from normal pregnancies lheel of protons (M) within the
cells results in a physiological intracellular ppHf). The pHi value (pHi ~7.2 in this
study) is maintained by the function of sodiurh&kchangers (NHEs). Measurements
reported in human umbilical vein blood show thatrasellular pH (pHo) is slightly
alkaline (pHo ~7.4). These intracellular and extiatar environmental conditions
result in physiological extracellular adenosine aariration due to its removal by
human equilibrative nucleoside transporters 1 (hENANd 2 (hENT2). In pathologies
of pregnancy where the metabolism of D-glucose lisred, such as gestational
diabetes mellitus (GDM), there is a high risk ohgeating large amounts of Hwhich
are removed via NHEs whose activity is higher @acgange arrow) than in normal
cells. This phenomenon will result in a potentiaracellular alkalization (pHi >7.2)
and extracellular acidification (pHo ~7.2) [3,14,26 GDM pregnancies. The latter
could explain the reduced hENT1 expression andvigct{dashed orange arrow)
reported in HUVECs and human microvascular end@thetlls (hPMECSs) from this

disease. Composed from data in this study and [B2114,25].



Table 1. Kinetic parameters for adenosine transport

Overall transport

— NH4CI + NH4CI
Vi (pmol/pg protein/0.03 seconds)
Without NBTI 0.052 + 0.002 0.315 +0.007 *
1 pmol/L NBTI inhibited fraction 0.007 £0.002 002 +0.002 *
10 pmol/L NBTI inhibited fraction nm nm
Kb (pmol/ug protein/second/(pmol/L))
Without NBTI 0.0063 + 0.002 0.0092 + 0.003*
1 pmol/L NBTI inhibited fraction 0.0052 £ 0.002 .0051 + 0.002
10 pmol/L NBTI inhibited fraction nm nm
Saturable transport
hENT1 hENT2
— NH,CI + NH,4CI — NH,CI + NH,4CI
Vmax(pmol/pig protein/second) 21+0.1 129+09* 680.1* 22+x0.1°¢
Km (Lmol/L) 32+4 121 £22 * 49+9 130 £ 21 *t

Vma/Km (pmol/ug protein/second/(umol/L)) 0.066 + 0.005 10F. £0.005 * 0.012 £0.001 * 0.017 £0.002 *t

Relative contributions
hENTl/ZF
-NH

4 5.50 +0.02
hENTLZE 6.37 £0.03 *
pNHNRAE 1.62 +0.02
1/—NH4/+NH4F

hENT2 1.41+0.01 %

Legend for Table 1 in the next page.
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Legend for Table 1.

Kinetics for overall (hnENT1 + hENT2), hENT1, and ME2 transport of adenosine (0-500
umol/L adenosine, 10 seconds, 37°C) was measurpdrrary cultures of HUVECs non-treated
(= NH4CI) or treated (+ NECI) with 1 mmol/L NH,Cl (see Methods). The initial velocity;) for

10 umol/L adenosine was estimated for 0.03 sectnoas the slope of lineal phase of uptake
adjusted to one phase exponential association iequadnsidering the least squares fit [19]. The
lineal, non-saturable component of adenosine t@ms{Kp) was derived from a Michaelis-
Menten hyperbola plukp (slope of transport « adenosine concentrationg (dethods). The,
and Kp were calculated for overall transport (i.e., ire tAbsence o0&-(4-nitrobenzyl)-6-thio-
inosine (NBTI) (Without NBTI)) and for the fractioof adenosine transport inhibited by NBTI.
Maximal velocity ¥may and the apparent Michaelis-Menten constdft) (were obtained by
plotting transport data to a single Michaelis-Menésymptotic equation having removed K¢
component from overall transport [19ma/Km is maximal transport capacity of adenosine. The
relative contribution £) of hENT1 versus hENT2 to adenosine transport aliscnon-treated
("ENT2E ) or treated BN, nns) with NHLCI, and the relative contribution of treating cells
with NH,CI to hENT1 (I7NM™NHAE cn) or hENT2 (I7NMANHAE .\ 0) mediated transport were
calculated from correspondingn./Km values (see Supplementary Methodd}<6.05 versus
corresponding values for hENT1 in cells non-treatéith NH,Cl. TP<0.05 versus corresponding
values for hENT2 in cells non-treated with . $P<0.05 versus T'**NE c\n. Values are

means = S.E.M. (n = 23)m not measurable.
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Highlights

Acidic pHi increases the overall adenosine transport in foetoplacental endothelium.

« Acidic pHi increaseshENT1 and hENT2 maximal transport capacity.

hENT1 activity is more sensitive than hENT2 to intracellular acidification.

ENTs activity in human foetoplacental endothelium is regulated by pHi.



