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Sodium dependent inositol transport in HL60 cells is not related to
Na*/K* ATPase activity
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In HL60 cells, inositol transpart is sodium-dependent but functionally independent of Na*/K* ATPase activity, This observation has implications
for the currently proposed theary for the development of dinbetic complications,
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1. INTRODUCTION

Inositol has been shown to enter many mammalian
cell types via a specific, saturable, active and sodium-
dependent transport mechanism {1-3). The rate of in-
ositol transport appears to regulate intraceliular inositol
concentrations. {4,5]. The mechanisms regulating the
transporter’s activity are unknown but some reports
have suggested that inositol transport is intimately
linked to cell membrane Na*/™* ATPase activity, In-
deed it has been proposed that the interaction of
Na*/K* ATPase and inositol transport may underly
the pathological decline in the intracellular inositol con-
centrations which is thought to be important in the
development of. diabetic complications {6-8]. In-
tracellular inositol is required for the structural inte-
srity and enzyme activity of the Na* /K * ATPase com-
plex [9]): Intracellular inositol depletion may also cause
inhibition of Na*/K™* ATPase activity via a protein
kinase C-mediated protein phosphorylation [10,11}.

It is well established that inositol transport is sodium-
dependent and it has been proposed that the sodium
gradient created by the Na* /K™ ATPase enzyme may
actually drive the inositol transporter [6-8]. The studies
suggesting 'a link between inositol transport and
Na*/K* ATPase activity have relied on the observa-
tion that ouabain, a powerful inhibitor of Na*/K~*
ATPase, can also inhibit inositol transport [6,10,12].
These studies have not however determined the relative
sensitivities of these processes to ouabain and do not
therefore provide conclusive evidence of a mechanistic
link. We have addressed this issue by studying the dose
response of Na'*/K* ATPase activity and inositol
transport to ouabain inhibition in the human pro-
myeloid cell line HL60.
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2. MATERIALS AND METHODS

Celleulture and assay of inositol uptake was as described previous-
ly [5]. I'n brief:

2.1, Cell culture

HL60 cells were maintained in long term exponential growth in
RPMI 1640 medium (Northumbria Biologicals Ltd) supplemented
with t0% feral calf serum, L-glutamate (Gibeo) and antibiotics (100
U/ml penicillin-and 30 ug/ml streptomycin, Gibeo), Cultures were
maintained at 37°C in a humidified atmosphere containing 5% CQs.

2.2, -Inositol transport assay

HI.60 cells were harvested from the culture medium (10 min, 1000
rpm, MSE3000) and washed (3 times) in cither phosphate buffered
saline (PBS) or 20 mM HEPES pH 7.4 containing 5§ mM potassium
chloride, 2.0 mM magnesium chloride, 2 mM calcium chloride and
either sodium or caesium chloride (140 mM),

Cells were resuspended in buffer at a concentration of 1-2 x 107
cells/ml and a 500 ul aliquot was mixed with 1 4Ci ["Clinulin (9.24
mCi/mmol, Amersham Internationgl, UK), glucose (0-20 mM) and
ouabain (0-200 uM). In a separate tube, 500 ul of buffer containing
inositol (15 uM), ouabain (0-200 M), glucose (0-20 mM) and [*H]in-
ositol (Amersham International) at.a specific activity of 0.2 pnCi/nmol
inositol was simultancously incubated for:10 min at 37°C. Inosito} up-
take was initiated by the addition of 500 ul of the cell mixture to this
tube, 200-600 pl aliguots were taken at time 0'and after 10 min in-
cubation, The reaction was terminated by dilution in cold buffer (400
ul) and the immediate recovery of the cells by centrifugation (30 s,
microfuge, Beckman, High Wycome, UK) through dibutylpthalate oil
(Sigma, Poole, UK). The tubes were snap-frozen in-liquid nitrogen
and the tip containing the cell pellet renoved and placed in scintilla-
tion vials containing 400 ul of distilled water and 50 ul of Optisolve
(FSA laboratory supplies, Loughbrough, UK). After the cell pellet
was dispersed 4 ml of scintillation fluid was added and [**C] and [*H)
radioactivity measured using a. dual label programme (LKB MK3,
LKB-Pharmacia, Milton Keyenes, UK),

2.3, Na*/K"* ATPase activity assay

The assay was in essence identical to that described for inositol
transport except that [“Clinulin was excluded and **Rb (0,2 uCi per
assay) was substituted for both inositol and [*H}inositol in the assay
mixture, ¥ Rb-radioactivity was measured using standard liquid scin-
tillation counting.
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3, RESULTS

A description and validation of the inositol-transport
assay in HLG60 cells has been described previously (5],

A plot of the rate of inositol uptake in HL60 cells
against inositol concentration is shown in Fig. 1. The
curve is characteristic of a process with saturation
kinetics. This is supported by the linearity of the Hanes
plot (S/V vs. S; ingert to Fig. 1). Inositol uptake into
HL60 cells is active and saturable and under the assay
conditions . described uptake represents  inositol
transport {5]. Analysis of the data shown in the insert to
Fig. I shows that the plot has a linear regression of 0,98
allowing accurate estimation: of the inositol
transporter's Kinetics. The Ky value under the assay
conditions was 27.0 + 3.0 (n=35) uM, while the Vuas
was 4.09 £ 0.59 (n=35) pmol/min/10® cells. These
values-arein good agreement with published data on the
HL60 cell line [3,5].

The rate of inositol uptake at a substrate concentra-
tion of 15 uM and in the presence of 140 mM sodium
chloride was 1.68 + 0.2 (n=6) pmol/min/10% cells, In
contrast the inositol transport rate in the absence of
sodium (the buffer containing equimolar caesium
chloride) was only 0.11 = 0.02 (n=6) pmol/min/lo6
cells, These data suggest that 93.2 £ 1.9% (n=6) of in-
ositol transport activity is ‘sodium dependent.: The
residual 6.8 £ 1.9% (n=6) of uptake presumably
reflects inositol transport via a sodium-independent
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Fig. 1. Rates of inositol uptake into HL60 cells vs, inositol concentra-
tion. HL60 cells (0.1-0,8 x 10° cells/ml) were incubated for 10 min at
37°C in HEPES buffer, supplemented as described in section 2, and
containing inositol (0~100 xM) and {*H}inositol (0.2 pCi/nmol). Ali-
quots were taken for the estimation of inositol uptake and the cells
collected by spinning through dibuty] phtalate oil. Radioactive counts
preserit in the cell pellet were estimated using liquid scintillation spec-
trometry. Values shown are mean £ SEM of 5-7 determinations. In-
sert shows the data presented in Fig. 1 transformed using a Hanes plot
(§/V vs.'S). The intercept on the x-axis = K, and on the y-axis =
Kw/ VmaxA
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Fig. 2. Effect -af auabain on the vate of inositol transport and
Na * /K * ATPuse activity: Inositol transport assays were performed
in PBRS buffer ar an inositol concentration of 15 uM. Preineubation
and assay wbes contained ouabain (0-200 (M), Cell viability assessed
by phase-contrast microscopy ‘and the ability of the cells 10 spin
through the dibutyl phthalate oil {dependent on the celis velume (o
mass ratio) was not impaired by exposure to ouabain. Na* /K™ AT-
Pase activity was-assessed using "Rb uptake (see section 2). Incuba-
tions were as described for the assay of inositol transport except that
inosital was amitted and ™Rb (0.2 uCizassay) substituted for [*H)in:
ositol and [**C)inulin. The percentage inhibition of inositol transport
(a)and Na"/K* ATPase (o) is plotied against ouabain concentra-
tion (M), Data are the mean x SEM of 5-7 experiments.

mechanism  which is - generally assumed to be
physiologically unimportant {3,12].

Na*/K* ATPaseactivity was assayed using *Rb up-
take [8]. At ouabain concentrations of 5 uM or greater,
89.3 + 1.4% (n=6)of **Rb uptake into HL60 cells was
inhibited. This ‘was taken to  represent ‘maximal
Na* /K* ATPase activity (100%) and was determined
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Fig: 3. The effect of ouabain and glucose on the rate of inositol
transport., The assay of inositol transport was as described in the
legend 1o Fig. 2. All assays were performed at an inositol concentra-
tion of 15 uM. Glucose (20 mM) and/or ouabain (100 xM) were added
as indicated, Initial transport rates were 1,1 = 0.9 pmol/min/10° cells
(n=16) and the data shown represent the percentage inhibition in

transport rates, Data are mean = SEM of 4-6 experiments.
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for each individual experiment. The effect of lower con-
centrations of ouabain on "Rb uptake was assessed in
relation to the maximal Na " /K* ATPase activity and
fractional inhibitions were determined accordingly.
Data obtained for the effects of ouabain on both
Na* 7K™ ATPase activity and inositol transport in
HLGO cells are shown in Fig. 2. A significant inhibition
of Na*/K*® ATPascactivity (28 £ 6.8% (n=4)) was
observed at a cuabain: concentration of 0.05 xM., A
10-fold increase in ouabain concentration (0.3 uM} pro-

duced a 90.5 = 2.1% (n=8) inhibition of Na*/K” .

ATPase activity, Complete inhibition of enzymne activi-
ty (100%) was seen at an ouabain condentration of §
#M. In contrast, inositol transport was relatively insen-
sitive to ouabain, since only 15 % 2.7% (n=206) of
transport activity was inhibited at an ouabain concen-
tration of 5 uM. Greater levels of inhibition (41.6 =
4.0% (n=T7)) required an ouabain concentration of 100
#M and concentrations of ouabain up to 10 mM pro-
duced no more than a S50% inhibition: of inositol
transport. The duration of exposure of the cells to oua-
bain (10 min-2 h) had no effect on the final level of in-
hibition achieved. If the concentrations of ouabain re-
quired to achieve 50% of the maximal inhibition of
Na* /K* ATPase and inositol transport are compared,
it is clear that :Na*/K* ATPasc is 10-fold more sen-
sitive to ouabain than inositol transport (0.13 uM vs,
1.3 uM).

The fact that a large, if not major, proportion of in-
ositol transport is ouabain-insensitive is supported Ly
the observation that the inhibition of inositol transport
seen with high concentrations of glucose (20 mM) is ad-
ditive to the maximal effects of ouabain (Fig. 3).

4. DISCUSSION

Inositol transport is a potentially important regulator
of intracellular inositol concentration. A recent report
has shown that the changes in the intracellular inositol
concentration which occur. in -HL60 cells ‘during dif-
ferentiation towards neutrophils are mediated by ac-
tivation of inositol transport [5]. The mechanisms
regulating the inositol transporter remain unknown, In
many tissues, including HLG0 cells, inositol transport is
sodium-dependent [3,6] and it seems probable that the
transport rate will, at least in part, be governed by the
prevailing transmembrane sodium gradient. In most
cells Na*/K* ATPase activity is a major determinant
of transcellular sodium flux and it might therefore be
predicted that inositol transport and Na* /K™ ATPase
activity are linked. Indeed these arguments have formed
the basis of a hypothesis which attempts to explain the
development of  diabetic complications [7]. The
metabolic or polyol theory suggests that in diabetes a
decline in the rate of inositol transport leads to in-
tracellular inositol depletion and a decline in Na* /K *
ATPase activity [9-11]. This results in a further reduc-
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tion in inositel transport rate perpetuating the
pathophysiological abnormalities and promoting the
development of diabetic neure- and microangiopathy
[6-8]. Swdies have shown that ouabain, a Na*/K~
ATPase inhibitor, reduces the rate of inositol transport
and it has been argued that this demonstrates that in-
ositol transport is dependent on the activity of
Na® /K™ ATPase [6,7,12]. However,  this assertion
demands that both processés exhibit a similar sensitivity
to ouabain inhibition and to date no studies have at-
tempted to show the dose response of inositol transport
and Na*/K* ATPase activity to ouabain inhibition.

In this. study we have confirmed the sodium
dependence of inositol transport in HLG60 cells.
Na*/K* ATPase activity was extremely sensitive to
ouabain inhibition and this is in Keeping with previous
studies of the enzyme derived from human tissues [13].
In contrast, inositol transport was relatively insensitive
to ouabain inhibition and only15.0 + 2.7% (1= 6) of
inosito! transport was inhibited at an ouabain concen-
tration of 0.5 uM. Despite the fact that both inositol
transport and Na*/K®* ATPase activity are inhibited
by ouabain, the 10-fold difference in sensitivity of these
two processes to inhibition make it improbable that
they are mechanistically linked. This assertion is sup-
ported by the observation that no more than 50% of in-
ositol transport can be inhibited by ouabain.

The data presented in this paper show that although
inositol transport is sodium-depencient it is functionally
independent of Na*/K* ATPase activity.. This obser-
vation suggests that an interaction between inositol
transport and'Na*/K* ATPase does not underly the
development of diabetic complications.
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