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Inosine 5-Monophosphate vs Inosine and Hypoxanthine as Substrates
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Abstract. The ability of inosine 5-monophosphate vs inosine or hypoxanthine to supply the
total purine requirements of mitogen-stimulated human T cells or rapidly dividing human B
lymphoblastoid cells was evaluated. Mitogen-stimulated human peripheral blood T cells were
treated with aminopterin to inhibit purine synthesis de novo and make the cells dependent
upon an exogenous purine source. Thymidine was added as a source of pyrimidines. Under
these conditions, 25 pM inosine 5-monophosphate, inosine, and hypoxanthine showed com-
parable abilities to support [*H]thymidine incorporation into DNA at rates equal to that of
untreated control cultures. In parallel experiments with the rapidly dividing human B lympho-
blastoid cell line, WI-L2, treatment with aminopterin (plus thymidine) inhibited the growth
rate by >95%. The normal growth rate was restored by the addition of 30 uM inosine
5-monophosphate, inosine, or hypoxanthine to the medium. However, in similar experiments
with cell line No. 1254, a derivative of WI-L2 which lacks detectable ecto-5-nucleotidase
activity, only inosine and hypoxanthine (plus thymidine), but not inosine 5-monophosphate
(and thymidine) were able to restore the growth inhibition due to aminopterin. These results
show that the catalytic activity of ecto-5-nucleotidase is sufficient to meet the total purine
requirements of mitogen-stimulated human T cells or rapidly dividing human B lymphoblastoid
cells and suggest that this enzyme may have functional significance when rates of purine
synthesis de novo are limited and/or an extracellular source of purine nucleotides is available.
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Ecto-5"-nucleotidase (ecto-5-NT)? is an en-
zyme which is located on the external plasma
membrane of subpopulations of human lym-
phocytes (1). Histochemical studies reveal
that 10-25% of adult peripheral T cells and
40-70% of adult peripheral B cells express
ecto-5-NT activity (2-4). This enzyme cata-
lyzes the extracellular dephosphorylation of
purine and pyrimidine ribo- and deoxyribo-
nucleoside monophosphates to the corre-
sponding ribo- and deoxyribonucleosides (1,
5). These compounds may then be trans-
ported inside the cell and reconverted to
nucleotides via the purine salvage pathway
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(see Fig. 1) (6). The contribution of this
enzyme toward meeting the total purine re-
quirements of either resting or dividing lym-
phocytes is, however, unknown. Similarly, it
is unknown whether ecto-5-NT* and ecto-
5-NT~ lymphocytes differ fundamentally in
the route by which they acquire purines for
replication and cellular metabolism; i.e., the
relative contributions of purine salvage vs.
purine synthesis de novo in these two cell
types are unknown. The experiments de-
scribed here were designed to determine
whether the catalytic activity of ecto-5-NT
is sufficient to provide the total purine re-
quirements of mitogen-stimulated peripheral
T cells or rapidly dividing lymphoblastoid
cells from exogenous purine nucleotides.
Since it is not yet possible to separate lym-
phocytes according to their ecto-5-NT phe-
notype, only mixed populations (ecto-5-NT*
and ecto-5-NT") of T cells could be studied.
However, two related human B lymphoblas-
toid cell lines, one of which is positive (WI-
L2) and the other negative (#1254) for ecto-
5'-NT activity were also studied and provided
pure populations of ecto-5-NT* and ecto-5'-
NT™ cells. Inosine 5-monophosphate (IMP)
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FiG. 1. Cellular purine metabolism. (1) Ecto-5-nucleotidase, (2) adenosine deaminase, (3) purine
nucleoside phosphorylase, (4) hypoxanthine guanine phosphoribosyltransferase.

was chosen as the extracellular purine nu-
cleotide since all other purine nucleotides
can be synthesized from it (6).

Materials and Methods. Isolation of T
cells. Peripheral blood mononuclear cells were
isolated from freshly drawn venous blood by
Ficoll-Hypaque density gradient centrifuga-
tion. T cells were isolated by one cycle of
rosetting with neuraminidase-treated sheep
red blood cells as previously described (7).

Mitogen stimulation. Six milliliter cultures
of T cells were initiated at 1 X 10° cells/ml
in 25 cm?® Corning tissue culture flasks in
RPMI 1640 medium with serum-free supple-
ment (HB 101, Hana Biologics, Berkeley,
Calif.) with 2 mM glutamine, 1 mM sodium
pyruvate, penicillin (100 U/ml), streptomycin
(100 pg/ml), and amphotericin B (0.25 ug/
ml) at 37°C in an humidified atmosphere of
5% CO, in air. Serum-free medium was used
because fetal bovine serum catalyzes the con-
version of IMP to inosine (HxR) and HxR
to hypoxanthine (Hx). On Days 3, 4, 5, 6,
and 7 after the initiation of the cultures with
0.6 pg concanavalin A/ml (Con A, Sigma,
St. Louis, Mo.), and other additions as indi-
cated, quadruplicate 0.2-ml aliquots of each
culture were removed, placed in microtiter
plates, and pulsed with 1.0 uCi of [*H]thy-
midine (TdR, 70 Ci/mmole, ICN, Irvine,
Calif.) for 4 hr. The cells were harvested onto
glass-fiber filters using a multiple automated
sample harvester and the filters were counted

using scintillation fluid. The results are pre-
sented as the means of the quadruplicate
samples and represent the cpm of [PH]TdR
incorporated in 4 hr by 2 X 10° cells.

Cell lines. Cell lines WI-L2 and No. 1254
were the gifts of Dr. J. Edwin Seegmiller,
University of California, San Diego. WI-1.2
is a B lymphoblastoid cell line which was
established from the spleen of a patient with
hereditary spherocytosis (8). The cell line No.
1254 is a spontaneous mutant of WI-L.2
which lacks detectable ecto-5-NT activity; it
was isolated fortuitously during routine clon-
ing of WI-L2. Both cell lines were grown in
RPMI 1640 with a serum-free supplement as
described above. Under these conditions, both
cell lines have a doubling time of approxi-
mately 24 hr.

Growth rate experiments. Duplicate 5 ml
cultures of either WI-L2 or No. 1254 were
initiated at 5 X 10* cells/ml with the indicated
additions. On each of the next 3 days, dupli-
cate aliquots of each culture were counted
with a Coulter counter. The quadruplicate
cell counts agreed within 20%; means were
used for calculations and plotting the data.
Relative growth rates were calculated by

final cell count
initial cell count

Ecto-5-NT activity. Ecto-5-NT activity was
determined by measuring the ability of intact
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cells to convert ['*C]IMP (Amersham, Ar-
lington Heights, Ill., diluted to 6 uCi/umole
with carrier IMP) to ["*C]JHxR as previously
described (7).

Reagents. Aminopterin, TdR, Hx, HxR,
IMP, and Con A were purchased from Sigma
Chemical Company (St. Louis, Mo.).

Results. Ecto-5-NT activity of T cells, WI-
L2 and No. 1254. Ecto-5-NT activity in
isolated T cells was 10.6 nmole/hr/10° cells.
Ecto-5-NT activity measured in intact cells
from logarithmically growing cultures of WI-
L2 and No. 1254 was 18.3 + 3.5 nmole/hr/
10° cells for WI-L2 and <0.2 nmole/hr/10°
cells for No. 1254.

Ability of IMP vs HxR and Hx to support
DNA synthesis in mitogen-stimulated T cells
treated with aminopterin. T cells stimulated
with Con A in purine-free medium showed
a maximum rate of [’H]TdR incorporation
into DNA 4 days after the initiation of the
culture (122,132 + 5855 cpm/2 X 10° cells,
Fig. 2). *'H]TdR incorporation was inhibited
by 85-95% in mitogen-stimulated T cells
treated with 5 uM aminopterin plus 25 uM
TdR during the period 3 to 7 days after the
addition of Con A. In contrast, the addition
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F1G. 2. Ability of hypoxanthine vs IMP to support
Con A-induced mitogenesis in aminopterin-treated T
cells. O, —Con A: @, +Con A; A, Con A+ 5 uM
aminopterin, 25 uM TdR; [J, Con A + 5 uM aminopterin,
25 uM TdR, 25 uM Hx; m, Con A + 5 uM aminopterin,
25 pM TdR, 25 uM IMP.
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FI1G. 3. Growth inhibition of WI-L2 and cell line No.
1254 by aminopterin and reversal by IMP and thymidine.
O, Control cultures, no additions; @, 5 uM aminopterin
+ 30 pM thymidine; A, 5 uM aminopterin + 30 uM
thymidine + 30 uM Hx; 0, 5 uM aminopterin + 30
pM thymidine + 30 puM IMP; B, 5 uM aminopterin
+ 30 pM thymidine + 300 uM IMP. (A) WI-L2, (B)
No. 1254.

of 25 uM TdR plus either 25 uM IMP or 25
uM Hx fully restored the rate of [PH]TdR
incorporation in the aminopterin-treated cul-
tures to that of the control cultures (147,989
+ 11,237 cpm/2 X 10° cells and 154,939
+ 12,792 cpm/2 X 10° cells, respectively) on
the fifth day after the addition of Con A.
Similar data were found for 25 uM HxR
(data not shown).

Inhibition of growth of WI-L2 and No.
1254 by aminopterin and reversal by IMP.
Parallel cultures of WI-L2 and No. 1254
were initiated at 5 X 10* cells/ml in the pres-
ence and absence of 5 pM aminopterin plus
30 uM TdR. The control cultures of WI-L2
and No. 1254 grew at virtually identical rates
(Fig. 3). The growth of both cell lines was
inhibited by >95% by the addition of ami-
nopterin (plus TdR). The growth of WI-L2
was completely restored to control levels by
the addition of 30 uM IMP (plus TdR) to
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the culture medium (Fig. 3A), while the
addition of the same concentration of IMP
(and TdR) had virtually no effect upon the
growth rate of No. 1254 in the presence of
aminopterin (Fig. 3B). Even 300 uM IMP
increased the growth rate of No. 1254 to
only 14% of control values. For both WI-L2
and No. 1254, the aminopterin-induced
growth inhibition was completely reversed
by 30 uM TdR and either 30 uM HxR or
30 uM Hx.

Discussion. Cellular DNA synthesis and
proliferation become dependent upon exog-
enous purines when purine synthesis de novo
is inhibited by aminopterin. Our results dem-
onstrate that the activity of ecto-5-NT is
sufficient to provide the total purine require-
ments of cultured human lymphoid cells
when IMP is utilized as the exogenous purine
nucleotide. In the case of mitogen-stimulated
human peripheral blood T cells treated with
aminopterin (and TdR to overcome the si-
multaneous block in pyrimidine biosynthesis),
inhibition of DNA synthesis as measured by
[PHITdR incorporation can be overcome
equally well by either IMP, HXR, or Hx. The
kinetics of the response to Con A are altered,
however, with the peak in [*H]TdR incor-
poration occurring on Day 5 rather than Day
4. Even though only a fraction (10-25%) of
human T cells are positive for ecto-5-NT
activity by histochemical stain (2-4), when
IMP is the sole purine source, the activity in
these cells is sufficient to sustain [’H]TdR
incorporation in the entire population at a
rate equivalent to that supported by equal
concentrations of HxR or Hx. At least two
explanations for these results must be consid-
ered. First, since only a small fraction of
total T cells respond to Con A, these cells
may all be ecto-5-NT™. Alternatively, inosine
produced by ecto-5-NT™* cells might diffuse
through the tissue culture medium and act
as a purine source for ecto-5-NT~ cells.
Methods must be developed for the separation
of ecto-5-NT* and ecto-5-NT~ cells before
this issue can be resolved.

Since rates of [*H]TdR incorporation may
not reflect true rates of DNA synthesis in
cultures treated with TdR and aminopterin,
due to alterations in intracellular dTTP pools,
a parallel set of experiments was done where
mitogen stimulation was monitored by
[*H]leucine incorporation into protein. Sim-
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ilar results were obtained; i.e., the aminop-
terin-induced inhibition of protein synthesis
as monitored by [*H]leucine incorporation
was completely reversed by the addition of
25 uM TdR plus 25 uM IMP, HxR, or Hx.
Therefore, it appears that the ecto-5-NT
activity of human peripheral T cells is suffi-
cient to supply the total purine requiremerits
for proliferation in response to Con A stim-
ulation.

Similar results were obtained when the
ability of IMP to supply the total purine
requirement needed for proliferation was
studied in a pair of rapidly dividing human
B lymphoblastoid cell lines, one positive (WI-
L2) and the other negative (No. 1254) for
ecto-5-NT activity. In this case, proliferation
was measured by cell count. In the case of
WI-L2, aminopterin-induced growth inhibi-
tion was completely reversed by the addition
of 30 uM IMP (plus TdR) to the culture
medium. However, in the case of No. 1254,
which is negative for ecto-5-NT activity, 30
uM IMP had virtually no effect upon the
growth inhibition caused by aminopterin.
Even 300 uM IMP increased the growth rate
of No. 1254 to only 14% of control values.
This modest increase in growth rate at high
IMP concentrations was probably due to the
nonenzymatic breakdown of some IMP to
HxR or to the low 5-NT activity present in
cell line No. 1254 itself. Since the aminop-
terin-induced inhibition of growth of No.
1254 can be completely reversed by 30 pAf
HxR (plus TdR), the failure of 30 uM IMP
(plus TdR) to do so must be due to the cells’
lack of ecto-5-NT activity and not to sukse-
quent blocks in the purine salvage pathway.

The results of these experiments show taat
the catalytic activity of ecto-5-NT is sufficiznt
to provide the total purine requirements for
mitogen-stimulated T cells or rapidly growing
B lymphoblastoid cells. Although these ex-
periments do not prove such a function for
this enzyme in human T and B cells in vivo,
they do support the hypothesis that such a
function is feasible, at least under specific
conditions. Clearly, ecto-5-NT activity is not
required for the growth of cells which have
a capacity for purine synthesis de novo, as
shown by the fact that cell line No. 1254
grows at the same rate as WI-L2 in purine-
free media in the absence of aminopte-in.
However, this enzyme may play a role in
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supplying the purines needed for nucleic acid
synthesis and cellular metabolism under con-
ditions where purine synthesis de novo is
limited, such as in resting lymphocytes (9),
or under conditions where extracellular nu-
cleotides are available.

Ecto-5-NT activity increases during the
course of human T cell maturation (10).
Cortical thymocytes have very low activity
(<1.0 nmole/hr/10° cells, unpublished re-
sults), while medullary thymocytes have an
activity similar to that found in adult periph-
eral T lymphocytes (11). Perhaps the function
of ecto-5-NT in human medullary thymo-
cytes is to salvage purine nucleotides which
may be released by the vast numbers of dying
cortical thymocytes (12). Ecto-5-NT activity
also increases during the course of human B
cell development (13), with adult peripheral
B cells having four- to fivefold higher activity
than cord blood B cells (27.9 + 12 vs 5.6
+ 2.8 nmoles/hr/10° cells). Whether this in-
crease in ecto-5-NT activity reflects a shift
in the proportion of the total cellular purine
requirements met by purine salvage vs purine
synthesis de novo in ecto-5-NT" vs ecto-5'-
NT™ lymphocytes is currently unknown. The
establishment of a function for ecto-5-NT
will clarify the significance of the reduced
activity of this enzyme found in lymphocytes
of patients with a variety of immunodefi-
ciency diseases (14).
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