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ABSTRACT

A previous report from this laboratory indicated that the concentration
of free undine (Urd) in many normal murine tissues greatly exceeds that
in plasma. We now report that Urd uptake by isolated murine splenocytes
is concentrative, and that the rate of uptake from medium containing 10
to 500 MM|3H)Urd conforms to a process that is saturable with a Ã„,â€žof

38.0 Â±4.1 (SE) MMand Vâ€ž,xof 2.70 Â±0.27 pmol/s/Â«tlcell water. Other
ribosyl and deoxyribosyl pyrimidine nucleosides or their analogues were
not concentrated by splenocytes; however, ribosyl and deoxyribosyl pn-
rine nucleosides and, to a lesser extent, deoxyuridine did inhibit Urd
uptake. In this system Urd uptake was not inhibited by l MMnitroben-
zylthioinosine or 10 MMdipyridamole but was significantly inhibited by
5 mM NaN3 or 250 MMKCN. Transport of Urd involves Na* cotransport
as evidenced by complete inhibition when Na* is replaced by II* in the

incubation medium, and it is also inhibited by 3 mM ouabain. Active Urd
transport coexists with the nonspecific, carrier mediated, facilitated dif
fusion of nucleosides as demonstrated by the inhibition of Urd efflux and
thymidine influx in splenocytes by nitrobenzylthioinosine and dipyrida
mole. Under identical conditions, Urd entry into LI 210 leukemia cells
was nonconcentrative and non-Na* dependent but inhibited by nitroben

zylthioinosine. That nucleosides enter most cultured neoplastic cell lines
by facilitated diffusion and not the active transport mechanism for Urd
confirms earlier findings and may represent an exploitable target for
chemotherapy.

INTRODUCTION

The nonconcentrative transport of nucleosides across the cell
membrane has been extensively studied over the past 15 years
(1-4). Using mammalian erythrocytes (1, 2, 5, 6) and a variety
of neoplastic cell lines (3, 7) as model systems, several groups
have established this process to be carrier mediated facilitated
diffusion with the carrier system having broad specificity toward
both purine and pyrimidine ribose and deoxyribose nucleosides.
Studies by Belt (8, 9) and others (10, 11) suggest that there may
be several nonconcentrative nucleoside transport systems op
erational in cells which can be distinguished by their sensitivity
to nucleoside transport inhibitors such as NBMPR,3 dipyrida
mole, and p-chloromercuribenzene sulfonate (8, 12-14). Jarvis
and Young ( 15) and Young et al. (7, 16) using NBMPR binding
activity as a probe, have partially purified and characterized
this carrier molecule from human erythrocyte membranes and
report that it is a band 4.5 polypeptide with a molecular weight
of 45,000-65,000.

In addition to the facilitated diffusion of nucleosides, reports
by Kuttesch and Nelson (17), Kuttesch et al. (18), and Trimble
and Coulson (19) indicate that mammalian kidney epithelial
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cells possess an active transport system which is responsible for
the secretion of deoxyadenosine and the reabsorption adeno-
sine. More recently, Schwenk et al. (20) as well as LeHir and
Dubach (21) have presented data indicating that guinea pig
intestinal epithelial cells and vesicles prepared from rat kidney
epithelial cells possess a Na+-dependent Urd transport system

which functions to transport Urd into cells against a concentra
tion gradient. Spector and Huntoon (22) have also reported
that nucleoside uptake in choroid plexus is energy dependent
but that the efflux from this system is inhibited by NBMPR.
These investigators report that these transport systems have
broad substrate specificity, recognizing both purine and pyrim
idine nucleosides as substrates and in each case represent epi
thelial cell types.

Our interest in nucleoside transport, and more specifically
Urd transport, derives from our observation that in vivo the
utilization of radiolabeled Urd for nucleotide and nucleic acid
biosynthesis in tissues is generally insensitive to large increases
in the plasma pool of Urd (23). Further investigation of this
phenomenon has revealed that tissues contain pools of free Urd
up to thirteenfold greater than the concentration of Urd in
plasma (24). While the size of tissue Urd pools may relate to
the Urd phosphorylase activity, the pools themselves appear to
result from a concentrative transport process. Using suspen
sions of murine splenocytes, we now report the transport ki
netics, substrate specificity, and Na+ dependency of this uptake

process in these nonepithelial cells. Preliminary aspects of these
findings have been recently reported (25).

MATERIALS AND METHODS

Animals. All experiments utilized 3- to 6-month old C57BL/6 female

mice (hereafter called C57) obtained from NIH.
Chemicals. Urd, dThd, dUrd, FdUrd, uracil, (5-methy[)Urd, cytidine,

deoxycytidine, adenosine, deoxyadenosine, guanosine, deoxyguanosine,
inosine, deoxyinosine, uracil arabinoside, hypoxanthine, and dipyrida
mole were purchased from Sigma (St. Louis, MO). 5-Fluorouridine
was purchased from CalBiochem (La Julia. CA). NBMPR was pur
chased from Aldrich (Milwaukee, WI) and glucose was purchased from
Baker Chemicals (Phillipsburg, NJ). [5,6-3H]Urd (40 Ci/mmol),
[6-3H]dThd (18 Ci/mmol), [6-3H]uracil (22 Ci/mmol), [5-3H]cytidine
(28 Ci/mmol), and 3H2O (18 MCi/mmol) were purchased from New
England Nuclear (Boston, MA). [14C]COOH-inulin (10 mCi/mmol)
was purchased from Amersham (Arlington Heights, IL) while [2-3H]-
inosine (25 Ci/mmol), [6-3H]dUrd (18 Ci/mmol), [6-3H]FdUrd (22 Ci/
mmol), and [6-3H]-5-fluorouridine (18 Ci/mmol) were purchased from
Moravek (Brea, CA). Fischer's medium was purchased from Gibco

(Grand Island, NY). All other reagents were of analytical grade and
purchased from Baker Chemicals.

Splenocyte suspensions were prepared from C57 mice sacrificed by
cervical dislocation. The spleen was quickly removed and dispersed into
4 ml of Fischer's medium (pH 7.4) at 37Â°Cby gently abrading the

spleen between two frosted microscope slides as previously described
(24). After allowing the tissue debris to settle, the cell density was
adjusted to 1-2 x IO7cells/ml by the addition of fresh medium. The

intracellular volume of splenocytes was calculated in all experiments.
For these determinations, a I-nil aliquot of the splenocyte suspension
was incubated with 2.5 MCi of 3H2O and 0.5 MCi of [MC]inulin for
approximately 1 min. Fifty-, 100- and 200-Mlaliquots were placed in a
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CONCENTRATIVE Urd TRANSPORT

"rapid sampling tube" consisting of a 400-jil Eppendorf microfuge tube

containing 120 M'of oil (a 16:84 mixture of Fisher 0121 light paraffin
oil and Dow Corning 550 silicone fluid having a specific gravity of
approximately 1.04 g/ml) layered over 35 /il of 15% trichloroacetic
acid. The splenocytes were removed from the medium and pelleted into
the trichloroacetic acid by centrifugal ion for 2 min at 10,000 x g in a
Beckman Model B microfuge. The microfuge tubes were frozen and
then cut through the oil layer and each portion placed in a plastic
miniscintillation vial containing 0.2 ml IM) and vortexed vigorously.
Four ml of Liquiscint (National Diagnostic, Sommerville, NJ) were
then added, and the radioactivity in the cell pellet resulting from each
isotope was determined and used to calculate the intracellular [(3H-
related)-(14C-related) dpm] and trapped medium (MC-related dpm) vol

ume of the cell pellet (24, 26).
The kinetics of Urd uptake were determined by mixing with a dual

syringe dispenser (26), 100 Â¿ilof the splenocyte suspension with an
equal volume of medium containing concentrations of [3H]Urd ranging
from 10 (4 MCi/ml)-500 MM(50 MCi/ml) in the rapid sampling tubes
described above. At various times after mixing (ranging from 2 s, the
earliest time point from which reliable data can be obtained due to the
finite period of time it takes cells to pellet through oil, to 10 min) the
cells were pelleted and the intracellular concentration of [3H]Urd cal

culated from the radioactivity in the cell pellet. To insure that the cell
pellet associated cpm were Urd and not Urd metabolites cell pellets
were also analyzed by HPLC. Pooled cell pellet fractions from identical
time points were homogenized and then extracted with an equal volume
of l N trioctylamine in Freon. The [3H]Urd content of these samples
was determined by reverse-phase HPLC methods previously reported
(23). Under all conditions used, over 90% of the intracellular radioac
tivity eluted with authentic Urd during the first 2 min of incubation in
50 MM[3HJUrd. Using these data, the initial rate of [3H]Urd transport

at each media concentration of Urd tested was estimated using only
early time points (at least three where possible) where transport was
linear and in all cases did not include data generated after 40 s of
incubation. The A*,,,and Vmâ€žwere calculated from this data by Line-

weaver-Burke analysis using the Cale-Star program.
The substrate specificity of this transport process was assessed by

substituting trinateci uracil, deoxyuridine, thymidine, cytidine, FdUrd,
and inosine at 5 MMand 2 itd/ml for [3H]Urd. To determine if other
related compounds could compete with [3H]Urd for transport, 100 n\

of splenocyte suspension were mixed with an equal volume of 100 MM
[3H]Urd (20 MCi/ml) containing either 100 or 1000 MMcompeting
compound in rapid sampling tubes and the velocity of [3H]Urd uptake

determined as described above.
The sensitivity of concentrative Urd transport to inhibitors was

assessed by incubating splenocytes in Fischer's medium containing 5

mM NaN3, 250 MMKCN, 3 mM ouabain, 1 MMNBMPR, or 10 MM
dipyridatnole for 15 min at 37Â°C.Additional studies were conducted
by incubating splenocytes in Na'free Hanks' balanced salt solution

(Gibco) in which NaCl was replaced with LiCI and containing 6 mM
glucose, 4 mM HEPES (pH 7.4) and 1 MMNBMPR. One hundred n\
of the resulting cell suspensions were mixed with an equal volume of
medium containing either 100 MM[3H]Urd (20 MCi/ml) or 100 MM
| 'H|dThcl (20 MCi/ml) in a rapid sampling tube and processed as above.
The [3H]Urd content of cell pellet samples was confirmed by the HPLC
method referred to above. The [3H]dThd content of cell pellets was
confirmed by using a modification of previously reported reverse-phase
HPLC methods (27) utilizing a Rainin C-18 microsorb column main
tained at 1ST and eluted at 1 ml/min with 10 HIMphosphoric acid
containing 1 mM heptane sulfonic acid (pH 3.2). Under these conditions
the retention time for dThd was 39 min. In all splenocyte experiments,
after incubating in 50 MM[3H]dThd, not less than 85% of the intracel

lular radioactivity was associated with dThd during the first 2 min.
The relationship between extracellular Na+ and nucleoside transport

was studied by dispersing spleen cells into either Hanks' balanced salt

solution containing 6 mM glucose and 4 mM HEPES (pH 7.4) or into
Na+-free Hanks' balanced salt solution (containing 0.14 M LiCI instead

of 0.14 M NaCl) with 6 mM glucose and 4 mM HEPES (pH 7.4). After
incubating for 15-20 min at 37Â°C,[3H]Urd and [3H]dThd transport

was assayed as described above. Additional studies were conducted by

suspending splenocytes from the same population of cells directly in
Hanks' balanced salt solution containing 6 mM glucose and 4 mM
HEPES (pH 7.4) at 37Â°Cor NaMree Hanks' balanced salt solution

containing 0.14 M LiCI plus 6 mM glucose and 4 mM HEPES (pH 7.4)
at 37Â°Cand measuring [3H]Urd transport under each condition.

To assess the zero-trans rate of [3H]Urd uptake, splenocytes were

depleted of their intracellular pools of Urd by incubation for 15 min at
37Â°Cin Na^-free Hanks' balanced salt solution containing 0.14 M LiCI,

4 HIMHEPES, and 6 mM glucose (HPLC analysis revealed that within
this time period intracellular Urd pools were more than 90% depleted).
NBMPR (5 MM)was then added, the cells pelleted by centrifugation at
200 x g for 5 min and then resuspended in Hanks' balanced salt

solution (0.14 M NaCl) containing 4 HIMHEPES, 6 mM glucose, and
5 MMNBMPR (pH 7.4) at 37Â°C.Urd uptake was assayed by mixing
100 M!of cell suspension with an equal volume of Hanks1 balanced salt
solution (0.14 M NaCl) containing [3H]Urd at concentrations ranging
from 10 (2 MCi/ml)-300 MM(40 MCi/ml).

The efflux of Urd from splenocytes was studied by "loading" cells
with [3H]Urd by incubation for 5 min at 37Â°Cin Hanks' balanced salt

solution (0.14 M NaCl) containing 4 mM HEPES (pH 7.4), 6 mM
glucose, and 50 MM[3H]Urd (10 MCi/ml). The cell suspension then was

divided into two aliquots and to one was added 5 MMNBMPR. Cells
in both suspensions were pelleted by centrifugation and resuspended in
Hanks' balanced salt solution (0.14 M NaCl) containing 4 mM HEPES
(pH 7.4) and 6 mM glucose at 37Â°C.For the cells previously exposed

to NBMPR, 5 MM NBMPR were also added to the resuspension
medium. At various times 200 n\ of cell suspension were placed in rapid
sampling tubes and processed as described above with the identity of
the radioactivity associated with the cell pellet confirmed by HPLC
analysis.

Urd transport in L1210 cells was studied in cells grown in suspension
cultures in Fischer's medium containing 10% fetal bovine serum. Cells

were harvested in exponential growth and resuspended at approxi
mately 5 x IO6cells/ml in Fischer's medium containing no serum. The
effect of NBMPR, NaN3, or the removal of Na+ from the incubation
medium on the ability of these cells to transport [3H]Urd (50 MM;10

MCi/ml) was determined as described above for splenocytes. Unlike
splenocytes, however, HPLC analysis of LI210 cell pellets for intact
[3H]Urd revealed that when these cells were exposed to 50 MM[3H]Urd
only 30-40% of the intracellular radioactivity was associated with Urd
after 2 min of incubation and, therefore, all Urd transport data were
calculated based on data from HPLC analysis.

RESULTS

We have previously reported that dispersed splenocytes are
capable of concentrating [3H]Urd from the incubation medium
(24). The kinetics of [3H]Urd uptake by splenocytes was studied
by incubating these cells in medium containing [3H]Urd at
concentrations ranging from 10-500 Â¿Â¿M(Fig. 1). The initial
(maximal) velocity of [3H]Urd uptake as a function of [3H]Urd

concentration displays saturation kinetics with an apparent Km
of 38.0 Â±4.1 (SE) MMand a Vmaxof 2.70 Â±0.27 pmol/s/iil cell
water (r = 0.98) (Fig. 2).

Incubating murine splenocytes with a variety of 3H-labeled

pyrimidine nucleosides or nucleoside analogues (Table 1) dem
onstrated that none of these closely related compounds was
concentrated by splenocytes under these assay conditions. Fur
thermore, with the exception of dUrd, the uptake of [3H]Urd

was not significantly inhibited by other pyrimidine nucleosides.
Several purine ribonucleosides, and to a lesser degree deoxyri-
bonucleosides, however, were potent inhibitors of [3H]Urd up
take, and the data in Table 1 suggest that [3H]inosine may also

be concentrated in this system.
Concentrative Urd uptake was not inhibited by 1 /Â¿MNBMPR

(Fig. 3) or 10 fÃMdipyridamole (data not shown), compounds
that inhibit the facilitated diffusion of nucleosides across cell
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Fig. 1. Concentrative |'II|I m transport in murine splenocytes. Splenocytes

(1-2 x IO7cells/ml) were rapidly mixed with 10 (A), 50 (â€¢),or 150 MM(O) [3H]-
Urd for various times and harvested as described in "Materials and Methods."
The intracellular | 'l 111nl concentration was calculated from the cell pellet asso
ciated cpm and confirmed by HPLC analysis. Points, mean Â±SE (bars) of 6-14
determinations and for clarity, data from the 5- and 15-s time points are not
included.

100 200 300 400 500

[3H]Urd

Fig. 2. Kinetics of []H]Urd transport in murine splenocytes. At each media
concentration of [3H]Urd tested, the initial rate of [3H]Urd transport was calcu

lated using only early time points where transport was linear and regardless of
the media concentration of Urd did not include data generated after 40 s of
incubation. The apparent Km(38.0 Â±4.1 MM)and Vâ€žâ€ž(2.7 Â±0.27 pmol/s/fil of
cell water) were obtained by regression analysis of the Lineweaver-Burke plot
(correlation coefficient >0.98) using the Cale-Star statistical program. Points,
mean + SE (bars) of 6-10 determinations.

membranes (12, 28). However, in the same population of sple
nocytes, these compounds effectively inhibited the nonconcen-
trative uptake of 50 MM[3H]dThd. The dual nature of Urd

transport in these cells was made more apparent when spleno
cytes were incubated in Na+-free medium. Under these condi
tions, [3H]Urd transport was nonconcentrative and effectively

inhibited by l MMNBMPR (Fig. 3). Finally, as reported by
others (8, 29), [3H]Urd uptake by LI210 cells was significantly

inhibited by 1 MMNBMPR (Fig. 3).
Incubating splenocytes with inhibitors of energy metabolism

such as sodium azide (Fig. 3) and potassium cyanide (data not
shown) did inhibit the concentrative uptake of [3H]Urd. How
ever, the nonconcentrative uptake of 50 MM[3H]dThd was not

affected by these metabolic inhibitors, nor was the facilitated
diffusion of pHJUrd in LI210 cells (Fig. 3).

Dispersing spleen cells into medium in which NaCl has been

Table 1 Substrate specificity of concentrative nucleoside uptake by murine
splenocytes

Splenocytes (1 x IO7 cells/ml) were incubated in medium containing 3H-

labeled nucleosides or nucleoside analogues (5 MM)and their uptake determined
over 120 s. The ability of nucleosides or nucleoside analogues present in the
incubation medium at either 50 or 500 MMto inhibit the uptake of 50 MM[3H]-
Urd by splenocytes was also determined. In these studies, the uptake velocity was
estimated from early time points during incubation where the rate of transport
was linear, as described in "Materials and Methods." Values are mean Â±SE of
3-8 determinations except where noted.

Initial velocity of [3H]-
|3H]Nucleoside Urd uptake (pmoi/s/,,1
uptake (intra- cen water) at competitor

cellular/ concentrationofDControl

([3H]Urdalone)Competing

compoundPyrimidine
nucleosidesUndineDeoxyuridine5-Methyl

uridineThymidineCytidineDeoxycytidine5-Fluorouridine5-FluorodeoxyuridinePurine

nucleosidesAdenosineDeoxyadenosineGuanosineDeoxyguanosineInosineDeoxyinosineOther

compoundsUracilHypoxanthineArabinosyl

uracilNitrobenzylthioinosineGlucoseledium

ratioat
120s)4.4

Â±0.90.9
Â±0.3ND"1.0

Â±0.20.8
Â±0.2ND1.3

Â±0.30.9
Â±0.3NDNDNDND1.8

Â±0.7ND1.1

Â±0.4NDNDNDND50

MM1.510.92

Â±0.11.17
Â±0.28.66

Â±0.25.70
Â±0.23.71

Â±0.21.51
Â±0.35.46

Â±0.34.64
Â±0.330.56

Â±0.130.81
Â±0.230.91
Â±0.091.27
Â±0.190.71
Â±0.120.90
Â±0.101.55

Â±0.011.69
Â±0.181.36
Â±0.201.53

Â±0.201.75*500

MMÂ±0.140.38

+0.130.56
Â±0.150.79
Â±0.440.69

Â±0.100.96
+0.181.65

Â±0.350.81
+0.161.44

Â±0.290.13

+0.050.36
Â±0.130.16

Â±0.110.40
Â±0.150.1

5Â±0.070.26
Â±0.101.59

Â±0.481.66
Â±0.151.21*1.51*1.63*"

ND, not determined.
* Average of two determinations.

replaced by LiCl resulted in the loss of their ability to concen
trate Urd (Fig. 3). When Na+-depleted cells were resuspended
in medium containing a physiological concentration of Na+ the

concentrative uptake of Urd was completely restored (Fig. 4).
Incubating splenocytes in media containing 3 HIMouabain also
inhibited the concentrative uptake of Urd by nearly 50% despite
the relatively poor sensitivity of murine Na+-K+-ATPases to
this inhibitor (30). Removing Na+ from the incubation medium
had no affect on the nonconcentrative uptake of 50 MM[3H]-

dThd in the same population of cells (Fig. 3). Similarly, incu
bating L1210 cells in Na*-free media did not affect the facili
tated diffusion of [3H]Urd in this leukemic cell line (Fig. 3).

To preclude the possibility that intracellular pools of free
Urd were influencing the uptake of Urd in these cells the initial
velocity of Urd transport in Urd-depleted cells was determined.
Cells were depleted of intracellular Urd by incubation in Na+-

free medium. After 15 min, the intracellular concentration of
free Urd decreased from approximately 30 pM to less than 3
MM,and these cells were resuspended in Na+-containing me

dium with 5 UMNBMPR to inhibit the facilitated diffusion of
nucleosides. Under these less physiological conditions, the Km
for Urd uptake was 60 MMand the Vmaxwas 2.4 pmol/s//il,
values similar to those determined in normal splenocytes.

Analysis of the intracellular concentration of [3H]Urd in
splenocytes "loaded" by incubation in 50 MM[3H]Urd for 5 min

and then resuspended in Urd-free medium revealed that Urd

efflux from splenocytes is inhibited by NBMPR (Fig. 5). Thus,
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Fig. 3. Effect of inhibitors on Urd and dThd transport in splenocytes and
L1210 cells. Splenocytes (1-2 x IO7cells/ml) were incubated at 37'C in either
Hanks' balanced salt solution containing 6 HIMglucose and 4 IHMHEPES (pH
7.2) containing 1 JIM NBMPR (O) or 5 mM NaNj (A) or in Na*-free Hanks'

balanced salt solution (LiCl replaced NaCI) containing 6 HIMglucose and 4 mM
HEPES (pH 7.2) with (â€¢)or without (O) l MMNBMPR. After 15 min [3H]Urd
or [3H]dThd transport was assessed as described in "Materials and Methods."
The effect of these conditions on the ability of L1210 (5 x 10" cells/ml) cells to
transport of [3H]Urd was also assayed. All cells were exposed to 50 JIM3H-labeled

nucleoside and the uptake compared to uptake in the absence of inhibitor (control,
â€¢).In all experiments 10 Â»IMdipyridamole had essentially the same effect as 1
fiM NBMPR, and 250 JIMKCN had essentially the same effect as 5 mM NaN3.
For clarity the dipyridamole and KCN data have not been included. Points, mean
Â±SE (bars) of 4-16 determinations.

B. No* Depleted C. No* Restored

â€¢(
ISO 3000 ISO 3000 ISO 3OO

Fig. 4. Sodium dependency of concentrative Urd transport in murine spleno
cytes. Splenocytes (1 x IO7cells/ml) were dispersed at 37'C into either Hanks'

balanced salt solution containing 6 mM glucose and 4 mM HEPES (pi I 7.2) or
Na*-free Hanks' balanced salts solution (LiCl replaced NaCI) containing 6 mM
glucose or 4 mM HEPES (pH 7.2). [3H]Urd transport was quantitated in each
condition by incubation in medium containing 50 (.\i | 'II|I rd as described in
"Materials and Methods." Points, average of two determinations.

3bOâ€¢ofi
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Fig. 5. Effect of NBMPR on the efflux of |3H]Urd from murine splenocytes.

Splenocytes were "loaded" with | 'I Ijl nl by incubation for 5 min in medium
containing 50 Â¿iM[3H]Urd (10 pCi/ml) and then resuspended in Urd-free medium
containing 5 JIM NBMPR (â€¢).After resuspension, the intracellular [3H]Urd
content was determined as described in "Materials and Methods." Control

incubations (O) were conducted in the absence of NBMPR. Points, mean Â±SE
(bun) of four determinations.

Urd entry is predominately an energy dependent system, but its
efflux is largely the result of the facilitated diffusion mechanism.

DISCUSSION

The ability of freshly dispersed murine splenocytes to con
centrate [3H]Urd sharply contrasts with the mechanism respon

sible for the facilitated diffusion of nucleosides extensively
studied in a variety of neoplastic cell lines and erythrocytes (1,
2, 5, 7). This concentrative transport system, having high sub
strate specificity, apparently requires the cotransport of Na+

and thus is similar to that reported to exist for glucose (31, 32)
and amino acids in various epithelial cells (33, 34). There was
a possibility that the concentrative uptake of [3H]Urd could
reflect a "Urd binding protein" in the cytosol of these cells.

However, extracts of murine spleen mixed with high specific
activity [3H]Urd and chromatographed on a Bio-Gel-60 column
revealed that the elution profile of [3H]Urd was not affected by

cytosolic proteins. It was also possible that large intracellular
pools of free Urd in freshly isolated splenocytes could "recruit"
transport molecules and "drive" the uptake of [3H]Urd in a

manner similar to that reported for adenine in L1210 cells (35).
However, the kinetics of the zero-trans uptake of [3H]Urd in

splenocytes suggests that this is not the case. The Km for Urd
in the NBMPR sensitive facilitated diffusion system mother
cell types ranges between 210 and 450 ^M (6, 36, 37), values 6-
to 10-fold higher than we report for the concentrative system
in splenocytes (38 /Ã•M).The Vâ„¢,for the active transport of Urd
(2.7 pmol/s/V 1cell water) is low but within the range of values
reported for the facilitated diffusion of Urd (10, 37-39). Thus,
the high intracellular Urd pools retained in splenocytes can be
explained, in part, by the somewhat lower Vmaxof facilitated
diffusion in splenocytes, the low potential of these cells to
metabolize Urd (24), and the greater affinity of Urd for the
active transport system. It is important to recognize that both
nucleoside transport systems coexist in these and probably other
cell types and that the ultimate internal nucleoside concentra
tion reflects their algebraic sum as modified by intracellular
metabolism.

In contrast to the systems responsible for the facilitated
diffusion of nucleosides, the active transport of Urd by spleno
cytes exhibits a considerable specificity with none of the other
pyrimidine nucleosides assayed under these conditions appear
ing to serve as substrates. However, preliminary experiments
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utilizing [3H]inosine as substrate suggest that purine nucleoside
transport in splenocytes may also be a Na+-dependent process

despite the fact that intracellular concentrations of these nu
cleosides, as measured by HPLC, do not greatly exceed those
in the medium (Table I).4 Our present findings contrast with

those of Schwenk et al. (20) who reported that cytidine inhibited
active Urd transport in guinea pig intestinal epithelial cells.
While this difference may be a reflection of differences in
cytidine deaminase activity between these cell types, we have
recently demonstrated that concentrative Urd transport in mu
rine enterocytes does have a substrate specificity different from
that in murine splenocytes4 and thus may reflect different active

transport systems in epithelial and nonepithelial cells. We also
have evidence suggesting that this phenomenon is not limited
to rodents since canine tissues contain Urd concentrations that
are severalfold higher than in plasma.

The absence of a concentrative, Na+-dependent Urd transport

mechanism in all mammalian neoplastic cell lines tested, as
well as the fact that Urd pools in neoplastic cell lines and colon
tumor 38 in vivo are low (24), suggests that in neoplastic cells
concentrative Urd transport may be inoperative. Alternatively,
the active transport of Urd may be lost as cells are adapted to
growth in culture. However, we have recently detected concen
trative Urd transport in the T-cell subpopulation of murine
splenocytes up to 23 days after dispersion in serum supple
mented medium. In progress are studies to determine if concen
trative Urd transport is lost as these cells continue to adapt to
long term culture driven by interleukin 2.

The ability of cells in normal host tissue to generate and
sustain high intracellular concentrations of Urd in vivo may
explain the efficiency with which large doses of Urd reverse
FUra-induced toxicity (40, 41). These findings further suggest
that by carefully controlling plasma Urd levels with agents such
as 5-benzylacyclouridine (5-benzyl-l-[2'-hydroxyethoxymethyI]-

uracil) one may achieve increases in the therapeutic effective
ness of yV-(phosphoracetyl)-L-aspartate (PALA) (42), pyrazo-
furin (43), and FUra. Indeed, our recent report (23) of an
increase in the therapeutic effectiveness of FUra by its use in
combination with 5-benzylacyclouridine may be a case in point.
In addition to the therapeutic implications, we are also exam
ining the ability of nucleoside analogues to inhibit the active
transport of Urd with the hope of identifying selective inhibitors
that may be useful in the isolation and characterization of the
carrier protein.
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