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Several transport systems mediating the placental
ransport of Na, K and Cl have been described, but
hether the trophoblast membrane also expresses a
a-K-Cl cotransporter that mediates the coupled
ovement of all three ions remains unclear. Here we

how that BeWo cells, a human trophoblastic cell line,
xhibit bumetanide-sensitive 86Rb (a K surrogate) up-
ake. Entry via this route accounts for ;17% of the 86Rb
nflux with the remainder being mediated largely via
he Na,K-ATPase. The activity of the bumetanide-
ensitive transporter was rapidly elevated (>40%)
pon subjecting cells to an acute hyperosmotic chal-

enge signifying a potential role in cell volume regula-
ion. Antibodies to the Na-K-Cl cotransporter identi-
ed a single band of ;200 kDa on Western blots of

ractionated BeWo membranes. This immunoreactiv-
ty colocalised with that of the Na,K-ATPase (a basal

embrane marker), but was absent from membranes
nriched with placental alkaline phosphatase (an api-
al membrane marker). These findings show for the
rst time, that a Na-K-Cl cotransporter is expressed in
human placental cell line which may be involved in

egulating trophoblast cell volume. © 2000 Academic Press

Key Words: triple cotransporter; bumetanide; pla-
enta; cell volume; Na pump; Na,K-ATPase; membrane;
ransport; placenta; trophoblast.

The syncytiotrophoblast layer of the human placenta
lays an essential role in foetal growth and develop-
ent. It is in direct contact with maternal blood and

orms a continuous multinucleated cell layer that me-
iates materno-foetal exchange of nutrients (1). Sev-
ral ion transporters and conductances have been iden-
ified in both the maternal-facing microvillous plasma
embrane (e.g., Na/H and Cl/HCO3 exchangers,

odium-coupled amino acid transporters as well as
hloride and potassium conductances) and in the
oetal-facing basal plasma membrane (e.g., Na/K-
TPase and Ca-ATPase) (1, 2). Of these the Na/K-
TPase is considered to play a key role in helping to
43
yncytiotrophoblast and its activity has important
unctional implications for numerous other membrane
ransporters that utilise the Na gradient for the co- and
ounter-transport of both organic and inorganic ions
e.g., amino acids and H1) (3).

Unlike sodium and potassium our current under-
tanding of the transcellular mechanisms involved in
hloride transport across the placenta remains weak.
uch of the available data concerning placental trans-

er of chloride has been obtained from studies with
icrovillous (apical) membrane vesicles which have

dentified three routes of chloride transport. The
rst involves an electroneutral diisothiocyano-2-29-
isulfonic stilbene (DIDS)-sensitive anion-exchanger,
he second is a chloride conductance which is sensitive
o diphenylamine 2-carboxylate (DPC) (4, 5) and the
hird is a DIDS-insensitive chloride conductance (6). In
ontrast, considerably less is known about how chlo-
ide is transported across the basal membrane of the
rophoblast although the presence of both DIDS- and
PC-sensitive chloride conductance pathways have re-

ently been proposed (7). In many epithelial cells, chlo-
ide enters the cell via a basolateral Na-K-Cl cotrans-
orter and exits down its electrochemical gradient by
assing through apical chloride channels. However, no
irect evidence has thus far been presented supporting
he presence of a Na-K-Cl cotransporter in the basal
embrane of the human trophoblast. In an attempt to

ddress this issue we have used a monolayer-forming
uman trophoblast cell line known as BeWo. These
ells display many of the biochemical and morphologi-
al characteristics reported for the in utero cytotropho-
last during the last trimester of pregnancy (8) and
ave been used extensively in the study of amino acid
ptake (9, 10) and transport of inorganic ions, such as

ron and copper (11–13). Here, we show that BeWo
ells express a functional Na-K-Cl cotransporter that
ocalises in membranes ostensibly of basal origin and
hat its activity can be rapidly modulated in response
o changes in the trans-membrane osmotic gradient.
0006-291X/00 $35.00
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MATERIALS AND METHODS
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86Rb1 uptake assays. Monolayers of BeWo cells grown on polycar-
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BeWo cells were obtained from the European Tissue Culture Cen-
re. F-12 (HAM) culture medium, foetal bovine serum and
ntimycotic/antibiotic solution for cell culture were purchased from
IBCO (Paisley, Scotland). Polycarbonate tissue culture inserts
ere purchased from Millipore (Watford, Herts). Sterile trypsin-
DTA, ouabain and bumetanide were all obtained from Sigma

Poole, Dorset). D-Glucose and all other reagent grade chemicals for
uffers were obtained from BDH (Poole, Dorset). 86Rb was obtained
rom New England Nuclear (Stevenage, UK). Reagents for enhanced
hemiluminescence (ECL) were obtained from Amersham Life Sci-
nce (Buckinghamshire, England). An antibody directed to the Na-
-Cl cotransporter (T4) was obtained from the Developmental Stud-

es Hybridoma bank (University of Iowa, IA) and Dr. T Pressley
University of Texas, TX) kindly provided an antibody against the
1-subunit of the Na-K-ATPase (anti-LEAVE). Polyclonal antibodies
gainst the Na-K-ATPase b1-subunit were purchased from UBI
Buckingham, England) and that against human placental alkaline
hosphatase from Dako (Glostrup, Denmark).

BeWo cell culture. For analyses of 86Rb1 uptake, BeWo cells were
ultured on polycarbonate filter inserts (0.4 mm pore size, 30 mm
iameter) placed within wells of a six-well multi-dish (Nunc). Cells
ere grown to confluence and maintained as cytotrophoblasts as
escribed previously (14). In some experiments, BeWo cells were
ultured on 15 cm diameter dishes and grown to confluence prior to
eing harvested for subcellular fractionation.

Subcellular fractionation. Total membranes from confluent
eWo cells were prepared using a procedure adapted from that
eported previously for L6 muscle cells (15). Briefly, cells from five
15 cm) dishes were harvested using a rubber policeman, pooled and
elleted gently by centrifugation (700 g, 5 min). The cell pellet was
esuspended in ice-cold buffer (250 mM sucrose, 20 mM HEPES, 5
M NaN3, 2 mM EGTA, 100 mM phenylmethylsulphonyl fluoride, 10
M trans-epoxysuccinyl-L-leucyl amido [4-guanidino]butane (E64), 1
M pepstatin-A and 1 mM leupeptin, pH 7.4) and homogenised using
Dounce homogeniser. Crude membranes were isolated by centri-

uging the cell homogenate at 31,000 g for 1 h at 4°C (16). In some
xperiments crude membranes which were fractionated subse-
uently on a continuous 10–40% sucrose (w/w) gradient by centrif-
gation at 210,000 g for 2.5 h. After centrifugation, 200 ml aliquots
ere collected sequentially from the top of the gradient. A small
olume of each fraction was retained for protein analyses using the
ethod of Bradford (17) and a 25 ml aliquot reconstituted subse-

uently in Laemmli buffer (18) prior to immunoblot analyses. In
ome experiments human brain microsomes were run in a parallel
el lane as a positive immunoreactive control for the expression of
he Na-K-Cl cotransporter and Na,K-ATPase subunits. Human brain
issue was obtained at post-mortem and microsomes prepared as
escribed previously (19).

Western blot analysis. Crude membranes or membranes isolated
ollowing fractionation were subjected to SDS–PAGE on 7.5% or 9%
esolving gels and separated proteins transferred (electrophoreti-
ally) onto nitrocellulose membranes (Bio-Rad). Following transfer,
embranes were blocked with 3% (w/v) bovine serum albumin in
ris-saline buffer (50 mM Tris/HCl, 150 mM NaCl, pH 7.5) for 1 h at
oom temperature prior to incubation with antibodies directed
gainst placental alkaline phosphatase (1:100), Na-K-Cl cotrans-
orter (anti-T4, 1:500), Na-K-ATPase a1 subunit (anti-LEAVE,
:100) and the b1 subunit (1:500). Following primary antibody incu-
ation, nitrocellulose membranes were washed in Tris-saline buffer
ontaining Tween 20 (0.05% v/v) and incubated with horseradish-
eroxidase-conjugated anti-rabbit IgG (1:1000) or HRP anti-mouse
gG (1:500) as appropriate. Membranes were washed subsequently
hree times in Tris-saline-Tween 20 for 15 min and immunoreactive
roteins visualised using ECL. Signal intensities on immunoblots
ere quantified using a Biorad 670 densitometer.
44
onate filter inserts were subjected to four successive washes in
EPES-buffered saline solution (HBS, 140 mM NaCl, 2.4 mM
gSO4, 5 mM KCl, 1 mM CaCl2 and 20 mM Na-HEPES, pH 7.4)

ontaining 10 mM D-glucose. Cells were then pre-incubated for 15
in with HBS in the absence or presence of ouabain or bumetanide,
hich were also present throughout the uptake assay at concentra-

ions indicated in the figure legends. In some experiments Na and Cl
n the HBS were substituted with N-methyl-D-glucamine (NMDG) or
luconate, respectively. Uptake of 86Rb1 (1 mCi/ml, used to trace K1

ransport) was measured over 5 min. In some experiments, BeWo
ells were preincubated in hypertonic HBS (420 mOsm kg21) prior to
ssaying 86Rb1 uptake. Buffer osmolarity (normally 300 mOsm kg21)
as manipulated by the addition of sucrose and was verified using an
smometer (Gonotec, Germany). Uptake was terminated by rapid
spiration of the radioactive incubation solution, followed by four
uccessive washes of cells with ice-cold isotonic saline solution (0.9%
aCl, w/v). Cells were lysed by removing the filters from their plastic

ases and immersing them in 0.05 N NaOH. 1 ml of the cell lysate
as removed and cell associated radioactivity determined using a
eckman LS 60001C scintillation counter. The protein content in cell

ysates was determined using the method of Bradford (17).

Statistical analysis. Statistical analysis was carried out using a
wo-tailed Student’s t-test. Data were considered statistically signif-
cant at P values # 0.05. Curve fitting was performed using Graph-
ad Prism software.

ESULTS

Ouabain and bumetanide inhibit 86Rb1 uptake in
eWo cells. In order to determine whether BeWo cells

ake up potassium by a resident Na-K-Cl cotransporter
e assessed the effects of ouabain and bumetanide,
hich respectively inhibit the Na,K-ATPase and Na-
-Cl cotransporter, upon potassium (86Rb1) uptake.
igure 1 shows that both ouabain and bumetanide

nduced a dose-dependent inhibition in 86Rb1 uptake.
he inhibition exerted by ouabain was maximal at a
oncentration of 1 mM and occurred with an IC50 of ;1
M. Bumetanide suppressed 86Rb1 uptake with an IC50

f ;0.1 mM, with maximal inhibition observed at a
oncentration of 10 mM (Fig. 1b). The effect of both
nhibitors on cellular 86Rb1 uptake was monitored over
period of 5 min for convenience as in separate exper-

ments we were able to establish that 86Rb1 uptake was
inear over a period of at least 20 min (data not shown).

Having established the maximal concentrations at
hich ouabain and bumetanide were effective we next

nvestigated the extent to which 86Rb1 uptake was
uppressed when cells were exposed simultaneously to
oth inhibitors. Figure 2a shows that 86Rb1 uptake was
nhibited by ;73% in the presence of 1 mM ouabain,
17% by 10 mM bumetanide and ;90% in the presence

f both inhibitors. The residual 86Rb1 influx (;10%)
ay represent a small leak component or an undefined
1 channel/transporter. Since Na-K-Cl cotransporter
ctivity is dependent on the presence of all three ions
e investigated the effects of removing extracellular

odium or chloride on bumetanide-sensitive 86Rb1 up-
ake. Figure 2b shows that removal of either extracel-
ular sodium or chloride led to a substantial loss in
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ptake via the cotransporter. Another characteristic
eature of the Na-K-Cl cotransporter is that its activity
an be modulated by subjecting cells to an acute os-
otic challenge. When BeWo cells were subjected to
yperosmotic shock we observed a rapid, and signifi-
ant increase in the bumetanide-sensitive uptake of

86Rb1. The data shown in Fig. 2c indicate that the
a-K-Cl cotransporter was activated upon cell shrink-
ge (by 42%) during the first 20 min of cell incubation
n hypertonic media and starts to subside thereafter.

BeWo cells express the a1- and b1-subunit isoforms
f the Na-K-ATPase and a Na-K-Cl cotransporter.
rude membranes from BeWo cells were subjected to
DS–PAGE and immunoblotting using isoform-specific
ntibodies recognising the Na,K-ATPase and the Na-
-Cl cotransporter. Western blot analysis (Fig. 3) re-
ealed that BeWo cells expressed only the a1 and b1
ubunit isoforms of the Na-K-ATPase as antibodies
irected against other Na,K-ATPase isoforms (a2, a3

FIG. 1. Dose-response relationship for the effects of (a) ouabain
nd (b) bumetanide on 86Rb1 uptake in BeWo cells. BeWo cells were
ncubated with HBS/10 mM D-glucose for 15 min in the presence of
ifferent ouabain or bumetanide concentrations prior to 86Rb1 up-
ake. Results are the means 6 SEM of six experiments.
45
FIG. 2. (a) Effect of ouabain and bumetanide on 86Rb1 uptake
n BeWo cells. BeWo cells were incubated for 15 min 6 1 mM
uabain or 10 mM bumetanide or both inhibitors together prior to
ptake. (b) Effect of replacing extracellular Na1 (with NMDG) or
l2 (with gluconate) on bumetanide-sensitive 86Rb1 uptake in
eWo cells. Uptake was assayed over 5 min in Na1 or Cl2-free
edia. (c) Bumetanide-sensitive 86Rb1 uptake in BeWo cells fol-

owing exposure of cells to hyperosmotic (430 mOsm kg21) HBS/10
M D-glucose. Uptake data are expressed as a percentage of that
easured in cells assigned as controls that were maintained in

sotonic (300 mOsm kg21) HBS/10 mM D-glucose. Results are
ean 6 SEM for between five to eight experiments. Asterisks

epresent significant differences (P , 0.01) from the control
alue.
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nd b2) did not react with BeWo membranes (data not
hown). When BeWo membranes were probed with an
ntibody against the Na-K-Cl cotransporter, a single
mmunoreactive band (;200 kDa) was observed. This
rotein band migrated with a slightly higher molec-
lar mass than the cotransporter expressed in hu-
an brain, possibly reflecting differences in N-linked

lycosylation.

Subcellular localisation of the Na-K-Cl cotrans-
orter. In order to determine the subcellular localisa-
ion of the Na,K-ATPase and Na-K-Cl cotransporter we
ractionated crude plasma membranes isolated from
eWo cells on a 10–40% (w/w) continuous sucrose gra-
ient. Fractions (200 ml aliquots) were collected se-
uentially from the top of the gradient and membranes
rom every seventh fraction were subjected to SDS–
AGE and immunoblotting using antibodies against
he Na-K-Cl cotransporter, the a1 subunit of the Na,K-
TPase (a marker of the basal membrane) and placen-

al alkaline phosphatase (PALP; a protein marker of
he apical membrane). Immunoreactivity against the
a-K-Cl cotransporter and the a1 subunit of the Na,K-
TPase was colocalised and largely confined to frac-

ions 22 to 50. In contrast, the less dense fractions (1 to
5) were devoid in both of these proteins, but enriched
n PALP. Interestingly, the latter could not be detected
n membrane fractions that reacted positively with
ntibodies against the a1 subunit of the Na,K-ATPase
nd Na-K-Cl cotransporter (Fig. 4a). When the relative
ignal intensities of PALP and Na,K-ATPase were
uantified and expressed per mg of membrane protein
here was little evidence for any major overlap in the
istribution of the two proteins in the fractions immu-
oblotted (Fig. 4b). This finding indicates that the frac-

FIG. 3. Representative immunoblots showing the expression of
he Na-K-Cl cotransporter and the a1- and b1-subunit isoforms of
a-K-ATPase in BeWo cells. Crude membranes prepared from BeWo

ells (50 mg) and human brain microsomes (30 mg, used as a positive
mmunoreactive control) were subjected to SDS-PAGE and immuno-
lotting using isoform-specific antibodies to the Na-K-ATPase sub-
nits and Na-K-Cl cotransporter.
46
embranes of basal and apical origin. Similar quanti-
ative analyses of the distribution of the Na-K-Cl co-
ransporter substantiated its strong colocalisation
ith the Na,K-ATPase (Fig. 4b).

ISCUSSION

The major aim of the work described here was to
valuate whether BeWo cells, a human trophoblast cell
ine, express a Na-K-Cl cotransporter and to gain some
nsight into its cellular localisation and regulation by
hanges in extracellular osmolarity. In addressing this
ssue we have also assessed the relative contributions

ade by the Na-K-Cl cotransporter and Na,K-ATPase
owards 86Rb1 (potassium) uptake and obtained infor-

FIG. 4. (a) Distribution of the Na-K-Cl cotransporter and Na-K-
TPase in crude membranes isolated from BeWo cells fractionated
n a 10–40% (w/v) continuous sucrose gradient. Membranes (25 ml
liquots) isolated from the gradient in every seventh fraction were
ubsequently resolved on a 7.5% polyacrylamide gel. Separated pro-
eins were transferred to nitrocellulose membrane and blotted using
ntibodies against a1-subunit of Na-K-ATPase, Na-K-Cl cotrans-
orter and placental alkaline phosphatase. (b) Relative signal inten-
ity (expressed in arbitrary units/mg membrane protein) of alkaline
hosphatase, Na,K-ATPase and the Na-K-Cl cotransporter in mem-
ranes immunoblotted in (a). A value of 1.0 for each protein was
iven to that fraction in which it was most abundant.
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orms expressed in this trophoblastic cell line.
Our results indicate that BeWo cells express only the

1 and b1 subunits of the Na,K-ATPase as antibodies
o other subunit isoforms failed to react with BeWo
embranes. It is also noteworthy that the dose-

esponse inhibition for the effects of ouabain on 86Rb1

ptake (Fig. 1a) was mono-phasic, consistent with the
uggestion that a single ouabain-binding (a subunit)
omponent is expressed in BeWo cells. These observa-
ions are in agreement with the recent work of Clarson
t al. (20) who also reported that the choricarcinoma
ell line, JAr, and cytotrophoblasts isolated from term
uman placenta express mRNA encoding only the a1
nd b1 Na,K-ATPase subunits (20). Thus the active
oloenzyme or ‘Na pump’ in BeWo cells is an a1b1
eterodimer, which accounts for most (;73%) of the
ellular 86Rb1 uptake. However, our findings signify
hat rubidium (used here as a surrogate ion for K1) is
lso taken up by a carrier that mediates the coupled
ransport of this ion with that of Na and Cl. This
roposition is based on (i) the finding that the loop
iuretic bumetanide, which is known to inhibit the
a-K-Cl cotransporter, causes a significant inhibition

n 86Rb1 uptake in BeWo cells, (ii) removal of extracel-
ular Na or Cl promotes a substantial reduction in
umetanide-sensitive 86Rb1 uptake and (iii) antibodies
gainst the Na-K-Cl cotransporter recognise a protein
f the appropriate molecular size in BeWo cell mem-
ranes. Previous studies using isolated microvillous
embranes prepared from human placenta have been
nable to detect any significant coupling of rubidium
ptake to that of sodium and chloride (21) or any
ensitivity of rubidium or chloride uptake to bumet-
nide or furosemide (4, 6). These reports would argue
gainst the presence of a Na-K-Cl cotransporter in the
pical (maternal facing) membrane, but do not exclude
he possibility that the carrier may be resident in the
asal or foetal facing membrane.
It has been shown previously that BeWo cells form a

olarised monolayer with regular microvillous projec-
ions on the apical membrane which morphologically
esemble the late gestational (third trimester) human
rophoblast (22). We postulated that since BeWo cells
xhibit bumetanide-sensitive 86Rb1 uptake that the
a-K-Cl cotransporter may be localised to the basal
embrane. Our finding that the cotransporter is

resent in membrane fractions enriched with Na,K-
TPase, a protein widely accepted as being localised in

he basal membrane of most epithelial cells, but not in
ractions containing alkaline phosphatase, a marker of
he apical membrane, provides strong support for this
iew. It is also noteworthy that in this study BeWo
ells were cultured on polycarbonate inserts thus al-
owing measurement of 86Rb1 uptake across both the
pical and basal membrane. However, when BeWo
ells are cultured on plastic as confluent monolayers
47
hese culture conditions we observe a significantly di-
inished ouabain- and bumetanide-sensitive 86Rb up-

ake (data not shown); this observation is consistent
ith the localisation of both the Na,K-ATPase and
a-K-Cl cotransporter in the basal membrane of BeWo

ells.
Powell and coworkers (7) have reported the presence

f DIDS- and DPC-sensitive chloride conductances in
he basal membrane of the human syncytiotrophoblast,
hich they suggest may contribute towards transcel-

ular chloride movement. Whilst these authors did not
ssess the presence of a bumetanide-sensitive compo-
ent, it has been proposed that chloride transporting
echanisms may participate in volume regulation of

he trophoblast (1, 5). In this regard it is well estab-
ished that in both epithelial and non-epithelial cells,
he Na-K-Cl cotransporter plays a key role in cell vol-
me regulation (23, 24); a function it is also likely to
erform in BeWo cells based on its activation when
ells were subjected to hyperosmotic stress (Fig. 2c).
he observed activation is rapid but transient, consis-
ent with the suggestion that the cotransporter helps
ring about a net increase in salt uptake that would
acilitate a regulatory volume increase. As cells begin
o recover their volume cotransporter activity would be
xpected to decline towards normal levels as observed
n our studies.

In summary, our data demonstrate that BeWo cells
xpress the a1 and b1 subunits of the Na,K-ATPase
nd a Na-K-Cl cotransporter, which participate in po-
assium (Rb) uptake across the basal membrane. The
ctivity of the Na-K-Cl cotransporter is enhanced sig-
ificantly when cells are subjected to a hyperosmotic
hock indicating that it may play a role in the regula-
ion of trophoblast cell volume. The precise nature of
he signalling mechanisms that instigate an increase
n cotransporter activity under these circumstances
emain unknown currently, but represents an interest-
ng topic for further study.
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