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ABSTRACT

The anemia-inducing strain of Friend virus (FVA) is a murine retrovirus which stimulates the
proliferation of erythroid progenitor cells. The progenitor cells synthesized by FVA-stimulation
are unable to proceed with differentiation and accumulate in the spleen resulting in splenomega-
ly in infected mice. Using FVA-inoculated mice as a model, we have investigated the
antiretroviral effects of 2’,3-dideoxycytidine (ddC) and recombinant interferon-w-A (rIFN-@-A) on
FVA infection. The extent of the infection was determined by measuring the weights of the
spleens. Daily intraperitoneal injection of ddC (100 mg/kg body weight), rIFN-¢-A (10 KU/mose)
and the combination of both drugs to FVA inoculated mice for 18 days resulted in suppression
of the growth of spleens by 15.1%, 52.7% and 61.6%, respectively. When ddC was dissolved in
drinking water (0.1 mg/ml) and administered to a group of FVA inoculated mice ad libitum, and
rIFN-¢-A (10KU/mouse) was intraperitoneally injected daily to another group of ddC (0.1 mg/mb)
drinking mice for 18days, the growth of spleens was suppressed by 38.4% and 83.2%, respectively.
These results indicate that administration of ddC via drinking water is more effective in sup-
pressing FVA infection than the daily injection of ddC, and that the combined effects ddC and
rIFN-w-A are not synergistic but additive. In order to determine whether ddC treatment alters the
characteristic of the progenitor cells with respect to Ca™* uptake, Ca*~ uptake in erythroid cells
and the effect of cyclohexyladenosine (CHA) on the Ca** uptake were studied. Ca™* uptake in
the erythroid progenitor cells was about 20-fold greater than in mouse erythrocytes and the inhi-
bition of Ca’” uptake by CHA was the greatest in the progenitor cells from FVA infected mice
which were treated with ddC. The inhibition was obviated by theophylline. Results of CHA bind-
ing studies showed that the erythroid progenitor cells contain both high and low affinity CHA
binding sites, whereas mose erythrocytes contain only the low affinity CHA binding sites.
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of erythropoietin (Epo)-mediated erythroid

INTRODUCTION

The FVA has been widely used for the prep-
aration of erythroid progenitor cells which are
a good model for the studies of the mechanism

differentiation (Sawyer et al, 1987; Koury et al.,
1984). Epo was shown to promote the mainte-
nance of cellular energy level during the in
vitro differentiation of the progenitor cells
(Kim et al.,, 1989a; Kim et al., 1991b). The proce-
dures for the partial purification and character-
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ization of Epo receptors were developed in this
laboratory (Im et al., 1990).

The FVA is a retrovirus which stimulates
proliferation of erythroid progenitor cells in
mice. However, the progenitor cells are unable
to differentiate in the FVA infected mice and
accumulate in the spleen resuiting in spleno-
megaly. The weight of the spleens of FVA in-
fected mice becomes more than 10-times larger
than that of normal mice in 2~3 weeks. Since
the antiretroviral effects of various agents on
the FVA infection can be readily determined
by simply weighing the spleens of FVA infected
mice, this system could be used as an in vivo
screening system for potential antiretroviral a-
gents.

Currently, 2,3-dideoxy nucleosides (ddNs)
are being used as antiretroviral agents for the
treatment of human immunodeficiency virus
(HIV) which causes acquired immunodeficiency
syndrome (AIDS) (Sandstorm et al, 1989,
Yarchoan et al., 1989; Hirsch and Kaplan, 1989;
Mitsuya et al, 1990). ddC is one of the most
potent dideoxynucleosides tested against the in-
fection of HIV (Yarchoan er al., 1988; Mitsuya
et al, 1987, Mitsuya et al., 1988; Starnes et al.,
1987). rIFN-w-A is also an antiretroviral agent
against HIV (Harishorn et al, 1987; Ho et al.,
1985). The site of ddC action is known to be at
reverse transcriptase leading to DNA chain ter-
mination (Yarchoan et al, 1989), but that of
rIFN-¢-A action is known to be at later stages
of viral replication. The inhibition of viral rep-
lication by rIFN-«-A is brought by the
alteration of the viral assembly and release
(Pitha et al, 1981; Aboud et al, 1983). In this
study, FVA inoculated mice were used as an in
vivo model and the activities of ddC and rIFN-
a-A were tested individually and in combina-
tion to find out whether the combined admini-
stration of two antiretroviral agents that act by
different mechanisms can increase the efficacy
of the drugs.

It has been reported that Epo promotes Ca™™
uptake in the erythroid precursor cells (Sawyer
et al., 1984; Miller et al., 1988) and Ca** modu-
lates the commitment of erythroid cells to
differentiation (Levenson er al., 1980; Bridges et
al, 1981), but ddC and ddNs inhibit ery-
thropoiesis (Johnson er al, 1988; Molina et al,

1989), and that adenosine receptor agonists in-
hibit Ca™" uptake in various tissues (Schrader
et al, 1975). Therefore, in order to see wether
erythroid progenitor cells that accumulate in
FVA-infected mice in spite of ddC treatment
are altered with respect to untreated FVA-in-
fected progenitor cells, Ca*™ uptake as a pa-
rameter, we investigated the effect of ddC treat-
ment on the Ca*" uptake in the erythroid pro-
genitor cells, the effect of cyclohexyladenosine
(CHA) on the Ca*" uptake, and the binding of
CHA to the progenitor cells and mouse eryth-
rocytes.

In this communication we report the suppres-
sion of retroviral infection by ddC and rIFN-o-
A, the Ca*" uptake in the erythroid progenitor
cells, and the characterization of CHA binding
to the erythroid cells.

MATERIALS AND METHODS

Materials

ddC, CHA, theophylline, bovine serum albu-
min and Iscove’s modified Dulbecco’s medium
(IMDM) were purchased from Sigma Chemical
Company (St. Louis, MO). [PHJCHA (specific
radioactivity, 344 Ci/mmol) and “Ca™" (specific
radioactivity, 23.7 mCi/mg) were from duPont-
New England Nuclear (Boston, MA). rIFN-a-A
was a generous gift from Hoffmann-LaRoche,
Inc. (Nutley, NJ).

Effects of ddC and rIFN-a-A on the FVA infec-
tion

Male BALB/c mice (23-25 g) were used. Plas-
ma containing FVA was diluted to 1:25 with
saline solution and 0.2ml aliquots were injected
to mice through tail veins. For the ddC injec-
tion group, ddC (100mg/kg body weight) and
rIFN-¢-A (10KU/mouse), as a single agent and
in combination, were intraperitoneally admini-
stered daily for 18 days starting one day prior
to FVA injection. Saline was administered to
the control group of FVA-injected mice. For
the ddC drinking group, ddC (0.1 mg/ml) was
administered via drinking water ad libitum,
and rIFN--A (10KU/mouse) was intraperito-
neally injected daily to ddaC (0.1 mg/ml) drink-
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ing mice for 18 days. After 18 days, the mice
were sacrificed,” and then spleen weights, hema-
tocrits, hemoglobin contents and body weights
were determined. For the determination of
hematocrits and hemoglobin contents, blood
was collected from the abdominal veins. Hemo-
globin contents were determined by measuring
absorbance at 527 nm.

Preparation of mice erythrocytes and erythroid
progenitor cells

For the preparation of mice erythrocytes,
blood was collected from the abdominal veins
of mice, and erythrocytes were washed twice
with ice cold saline containing 1% bovine
serum albumin by centrifugation. Erythroid
progenitor cells were prepared from the spleens
of FVA infected mice as previously described
(Kim ef al, 1989a; Kim et al., 1991b).

“Ca™" uptake in erythroid cells

In order to determine whether ddC treatment
of FVA injected mice alters the Ca™™ uptake in
the erythroid progenitor cells, 20 mg/kg body
weight, and 100 mg/kg body weight of ddC were
administered to FVA injected BALB/c mice by
daily intraperitoneal injection for 3 weeks.
After 3 weeks, the mice were sacrificed and
erythroid progenitor cells were prepared from
the spleens as above. To compare the Ca™ up-
take in the erythroid progenitor cells with that
in mice erythrocytes, erythrocytes were pre-
pared from the blood of normal mice the same
way as above, and Ca*" uptake was assayed.

For the time course of Ca™" uptake into the
cells, 2004 aliquots of cells (2x107 cells) in
IMDM containing 1% bovine serum albumin
were cooled in an ice bath for 15 min and 100
M of *Ca*™ (25uCi/ml) was added. The samples
were incubated at 4°C for 0~60 min. After the
incubation, 2ml of dibutylphthalate was added
and centrifuged at 800 Xxg for 10 min at 4°C.
After the upper layer of the sample was aspi-
rated off, the tubes were carefully washed twice
with distilled water, and then dibutylphthalate
layer was aspirated off and the inside of the
tube was wiped with moistened cotton swabs.
The cell pellet was lysed with 0.5ml of 02M
NaOH, neutralized with 60/ of 2 M HCI, and

the radioactivity was determined in a scintilla-
tion counter.

For the determination of the effects of CHA
and theophylline on the Ca*™  uptake, 200
aliquots of cells (2x10° cells) in IMDM con-
taining 1% bovine serum albumin were
preincubated for 50 min at 37°C with 104M of
CHA or 10u4M of CHA plus 104M of theophyl-
line. The preincubated samples were cooled in
an ice bath for 15 min. After ®Ca*" was added
to the cooled samples, the samples were incu-
bated for 50 min at 4°C and the “Ca™" uptake
was determined the same way as above.

[*H]CHA biding assay

IMDM was used as the medium for the bind-
ing of ["H]CHA to the erythroid cells. For the
time-course of [‘HICHA binding to the
erythroid cells, 1004 of P"H]JCHA was added to
2004 aliquots of erythroid cells (2x10" cells)
and the samples were incubated at 37°C for the
designated time period in the presence (non-
specific binding) and absence (total binding) of
500 4M of unlabeled CHA in a final volume of
50044. After incubation, the samples were
chilled on ice and centrifuged at 800 xg for 10
min at 4°C. The cells were washed twice with
I ml of cold IMDM by centrifugation. The cell
pellets were lysed with 0.5ml of 0.2 M NaOH,
neutralized with 60z of 2 M HCl and the
radioactivity of the samples was determined in
a scintillation counter. Specific binding was cal-
culated by subtracting the non-specific binding
from the total binding.

For the Scatchard analysis of "H]JCHA bind-
ing to the erythroid celis, 100 of ["HICHA
and 200/ of solution containing different
amount of unlabeled CHA were added to 200/
aliquots of erythroid cells (2 x 10 cells). The
samples were incubated for 30 min at 37°C and
then centrifuged at 800 xg for 10 min at 4°C.
To determine the free CHA concentration, 20 1
aliquot of the supernatant was withdrawn and
the radioactivity was determined in a scintilla-
tion counter. For the determination of the
amount of CHA bound to the cells, the cell
pellets were lysed with 0.6 ml of 0.2 M NaOH.
After neutralizing the lysed samples with 60/
of 2 M HC], the radioactivity of the samples
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was determined in a scintillation counter. The
data were plotted according to Scatchard anal-
ysis (Scatchard, 1949).

RESULTS

Effects of ddC and rIFN-a-A on FVA infection
in mice

The effects of ddC and rIFN-#-A on FVA in-
fection were determined by measuring the
weights of the spleens 18 days after ddC, rIFN-
@-A, and the combination of the drugs were
administered either by daily intraperitoneal in-
jection, or by giving ddC in drinking water and
daily intraperitoneal injection of rIFN-¢-A to
ddC drinking mice which were inoculated with
FVA. A typical result of two experiments is
shown in Table 1. Compared to uninfected nor-
mal mice, after 18 days, FVA infected mice
had about 9 times larger spleens. Daily
administration of ddC (100 mg/kg body weight),
rIFN-¢-A (10KU/mouse), and the combination
of both drugs by intraperitoneal injection to
FVA inoculated mice, resulted in suppression
of spleen growth by 15.1%, 52.7% and 61.6%,
respectively. When ddC (0.1 mg/ml) was
administered via drinking water, and rIFN-a-A
(I0KU/mouse) was administered by daily

intraperitoneal injection to the ddC drinking
mice for 18 days, the spleen growth was inhib-
ited by 384% and 83.2%, respectively. These
data show that the administration of ddC via
drinking water is more than two fold as effec-
tive as the daily intraperitoneal injection of
ddC and that the combined effect of ddC and
rIFN-¢-A is not synergistic but additive. Table
1 shows that both hematocrit and hemoglobin
content are significantly lower in the FVA in-
fected control mice than in the uninfected nor-
mal mice. Treatment of FVA inoculated mice
with ddC and rIFN-¢-A increased both hemato-
crit and hemoglobin content. Increase of hema-
tocrit and hemoglobin content was greatest in
the FVA inoculated mice which were treated
with combination of ddC and rIFN-¢-A. No sig-
nificant difference in body weight was seen
among uninfected normal mice, FVA infected
mice and FVA inoculated mice treated with
ddC and rIFN--A.

Effects of CHA and theophylline on the Ca™"
uptake in mouse erythrocytes and erythroid pro-
genitor cells

Time course of Ca™" uptake in the erythroid
progenitor cells and mouse erythrocytes was
studied. Ca™" uptake in the erythroid progeni-
tor cells reached the plateau in about 50 min

Table 2. Ca™ uptake in mouse erythrocytes and erythroid progenitor cells. Data represent mean+S.D,

of triplicate

“Ca™*" uptake

Cells Treatment Control CHA CHA +Theophyline
nmol/2 %7 cells (10 uM) (10 LM+ 10 M)
Erythrocyte - 0.218+0.028 0.210+£0.02 0.216+0.032
(100%) (96%) (99%)
Progenitor Saline* 488+04 420+0.16 4.62+0.26
cells (100%) (86%) (95%)
Progenitor ddc* 5.04+0.22 4.38+0.26 4.841+0.06
cells (20 mg/kg) (100%) (87%) (96%)
+
Progenitor dac* 528+0.18 402+0.32 (59(;%/_) 0.16
cells (100 mg/kg) (100%) (76%) ’

*Saline or ddC were administered daily to FVA infected mice by LP. for 3 weeks.
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Fig. 1. Time-co urse of Ca*" uptake in the
erythroid progenitor cells and mouse-
erythrocytes. Aliquots (20041) of cells (2
x 107 cells) in IMDM containing 1% bo-
vine serum albumin were chilled on ice
and 1004 of Ca®™ (254Ci/ml) was
added. After the samples were incubated
at 4°C, 2ml of dibutylphthalate was
added and centrifuged, the supernatant
was aspirated off and the tube was
carefully washed with distilled water.
Then the dibutylphthalate was com-
pletely removed by suction, and the in-
side walls of the tubes were wiped with
moistened cotton swabs. The cell pellet
was lysed with 0.6ml of 0.2M NaOH,
neutralized with 2 M HCl, and then the
radioactivity was determined in a scin-
tillation counter.

at 4°C, and the Ca™~ uptake in the erythroid
progenitor cells was more than 20-fold greater
than in the erythrocytes (Fig. 1). Table 2 shows
the effect of CHA, and CHA plus theophylline
in the Ca™~ uptake in the erythrocytes and the
erythroid progenitor cells which were obtained
from FVA infected mice without or with ddC
treatment. CHA had almost no effect on the
Ca™" uptake in the erythrocytes, but Ca™~ up-
take in the erythroid progenitor cells was par-
tially inhibited by CHA. The inhibition was

40

CHA Bound
(fmol/2 x 107 cells)

ol 1 1 1 1 1

0 20 40 60 80 100

Incubation time (min)

Fig. 2. Time-course of [HICHA binding to
erythroid progenitor cells. [PH]JCHA
(10044) was added to 20041 aliquot of
erythroid progenitor cells (2x10" cells)
in IMDM and the samples were incu-
bated at 37°C in the presence (non-spe-
cific binding) and absence (total bind-
ing) of 5004M of unlabeled CHA in a
final volume of 500.1. After incubation,
the samples were chilled on ice and
centrifuged at 800xg for 10 min at 4°C.
The cells were washed twice with 1 ml
of cold IMDM by centrifugation. The
cell pellets were lysed with 0.6ml of O.
2M NaOH, neutralized with 2M HCI
and the radioactivity of the samples
was determined in a scintillation count-
er. Specific binding was calculated by
subtracting the non-specific binding
from the total binding.

most pronounced in the progenitor cells from
FVA infected mice which were treated with
100 mg/(kg body weight) of ddC. Theophylline
obviated the inhibitory activity of CHA. These
results suggest that treatment of FVA infected
mice with ddC alters the property of the
erythroid progenitor cells for the Ca™" uptake,
and that adenosine receptors may play a role
in the regulation of Ca™" wuptake in the
erythroid progenitor cells.

Binding of CHA to the erythroid progenitor
cells

The time course of CHA binding to the
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Table 3. Dissociation constants and maximum binding of ['HICHA to mouse erythrocytes

and

erythroid progenitor cells. Data represent mean=®S.D. of triplicate

Cells Low or high affinity binding Kd(nM) Bmax*

Erythrocyte Low 166+1.3 48+09x10°

Progenitor cells High 0.56+0.3 55+05x10*
Low 73.3+£0.71 42+04%10°

*Bmax

CHA Bound
(P MOL/2 X 107 cells)

Fig.

-
N

-
o

CHA (uM)
. Characterization of [*HICHA binding to

erythroid progenitor cells. To 200l
aliquots of erythroid progenitor cells,
1004 of ["HICHA and 2004 of IMDM
containing varying amounts of unlabeled
CHA were added and the samples were
incubated for 30 min at 37°C. The incu-
bated samples were chilled on ice and
centrifuged at 800 Xg for 10 min at 4°
C. To determine the free CHA concen-
tration, 204 aliquot of the supernatant
was withdrawn and the radioactivity
was determined in a scintillation count-
er. For the determination of the amount
of CHA bound to the cells, the remain-
ing supernatant was aspirated off and
the cell pellets were lysed with 0.6 ml of
02M NaOH, neutralized with 2M HCI
and the radioactivity of the samples
was determined in a scintillation count-
er. The data are plotted according to
Scatchard (inset).

: Maximum number of binding sites per cell.

CHA Bound
(P mol2 x 107 cells)

CHA (M)

Fig. 4. Characterization of ["HJCHA binding to
mouse erythrocytes. Experimental condi-
tions were the same as for Fig. 3.

erythroid progenitor cells showed that the bind-
ing reached the plateau in about 40 min at 37°C
(Fig. 2). The saturation binding of CHA to
the erythroid progenitor cells was attained at
60uM CHA (Fig. 3), and Scatchard analysis of
the binding revealed that the progenitor cells
contain high and low affinity binding sites (Fig.
3 inset). At the high affinity binding site, the
Kd and the maximum number of binding sites
per cell are 0.56nM and 5.5Xx10% respectively.
At the low affinity binding site, the Kd and the
maximum number of binding sites per cell are
733 nM and 4.2 x10°, respectively.
Binding of CHA to mouse erythrocytes

CHA binding

to mouse erythrocytes also
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reached the plateau in about 40 min at 37°C
(data not shown). The maximum binding of
CHA to mouse erythrocytes reached at 50uM
CHA (Fig. 4). Scatchard analysis of the binding
revealed that mouse erythrocytes have only the
low affinity CHA binding sites (Fig. 4 inset).
The Kd and the maximum number of CHA
binding sites per cell are 16.6nM and 4.8 %10
respectively. The parameters of CHA binding to
mouse erythrocytes and erythroid progenitor
cells are summarized in Table 3.

DISCUSSION

With the expectation that the combined
administration of antiretroviral drugs that act
by different mechanisms may provide greater
effects against retroviral infection, we investi-
gated the effects of ddC and rIFN-z-A on the
infection of FVA using FVA inoculated mice as
an in vivo model. Our results (Table 1) show
that the antiretroviral effect of the combined
administration of the drugs is additive, not
synergistic. It has been reported that the effect
of the combination of ddC and rIFN-¢-A on
the in vitro HIV-1 replication is synergistic
(Vogt et al., 1988). Recently, it also showed that
when 3-azido-3-deoxythymidine (AZT) and
rIFN-0-A/D were administered in combination
to Rouscher murine leukemia virus (RLV) in-
oculated mice, virus-induced splenomegaly was
synergistically suppressed (Ruprecht e al,
1990). It is not clear why ddC and rIFN-¢-A in-
hibits HIV-1 replication synergistically, and
AZT and rIFN-e-A/D synergistically suppress
the splenomegaly in RLV infected mice, where-
as ddC and rIFN-w-A suppress the spleen
growth of FVA infected mice additively. Since
the rate of anabolic conversion of ddC to 2.,3-
dideoxycytidine-5-triphosphate (ddCTP) is criti-
cally important for ddC to be an active antivi-
ral agent (Cooney ef al., 1986) and the extent of
the anabolism, thus the antiretroviral activity,
of a certain ddN varies among cell lines
(Waqar e al, 1984; Balzarini er al., 1988), per-
haps the difference may be due to that the
phosphorylation pattern of ddC in FVA infect-
ed mice may be different from that in HIV-1

cells and that of AZT in RLV infected mice.
Alternatively, the action mechanism of rIFN-c-
A in FVA infected mice may be different from
those in HIV-1 cells and in RLV infected mice.

Table 1 shows that the administration of ddC
via drinking water is about 2-fold more effec-
tive than by daily intraperitoneal injection
against FVA infection. This may be attributed
to the fact that ddC is rapidly cleared from
plasma and the effective terminal half life (t,»)
of ddC in mice is only 67 min, and that oral
bioavailability of ddC in mice is very high
(Kelley et al., 1987). Because of the rapid -elimi-
nation and lack of accumulation of ddC, fre-
quent administration of ddC is required for
more effective antiretroviral activity.

Our data (Table 1) show that the treatment
of FVA infected mice with ddC and rIFN-¢-A
increases both hematocrit and hemoglobin con-
tent while suppressing the splenomegaly and in-
creasing both hematocrit and hemoglobin con-
tent, and prevent the mice from becoming ane-
mic. However, our recent data (unpublished
results) show that rIFN-a-A strongly inhibits
the Epo-mediated differentiation of the
erythroid progenitor cells, and it has shown
that ddC inhibits erythropoiesis (Johnson er dl.,
1988). Therefore, the suppression of the spleno-
megaly and the increases in the hematocrit and
the hemoglobin content by ddC and rIFN- -A
are most likely due to the inhibition of FVA
infection by the drugs.

It has been shown that adenosine receptor
agonists inhibit -Ca™™ uptake in various tissues
(Schrader et al, 1975, Wu et al. 1982). Our
results (Fig. 1 and Table 2) show that (i) Ca**
uptake in the erythroid progenitor cells is
about 20-fold greater than in mouse erythro-
cytes; (ii) an adenosine Al receptor agonist,
CHA, inhibits the Ca*™" uptake in the erythroid
progenitor cells but CHA has almost no effect
on the Ca'* uptake in mouse erythrocytes; and,
(iii) the inhibition of Ca*" uptake by CHA is
abolished by an adenosine antagonist theophyl-
line. These suggest that the erythroid progenitor
cells have functioning adenosine Al receptors
and the Ca** uptake may be in part regulated
by the receptor.

In contrast, mouse erythrocytes appear to
have no significant number of functioning
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adenosine Al receptor. Table 2 also shows that
the inhibition of Ca®™" uptake by CHA is most
pronounced in the erythroid progenitor cells
from FVA infected mice which were treated
with 100 mg/(kg body weight) of ddC. This sug-
gests that the characteristic of the erythroid
progenitor cells in terms of Ca™ uptake is
altered by ddC treatment. Previously it was
found that Epo stimulates the Ca™™ uptake in
erythroid progenitor cells and increases the in-
tracellular Ca*™* level of the cells (Sawyer and
Krantz, 1984; Miller er aol., 1988). Based on the
finding, it has been proposed that Ca®" metabo-
lism may contribute to the differentiation of
erythroid progenitor cells (Sawyer and Krantz,
1984). Since the Ca*™" uptake in the erythroid
progenitor cells is far greater than in mouse
erythrocytes, it is plausible that Ca*™ may play
a role in the differentiation of the erythroid
progenitor cells.

CHA is not only involved in the Ca** uptake
in the erythroid progenitor cells, but also
known to inhibit the albuterol enhanced Epo
production (Ueno et al., 1988), and theophylline,
an adenosine antagonist, attenuates Epo pro-
duction (Bakris et al., 1990).

Therefore, to see whether there is any differ-
ence between the binding of CHA to mouse
erythrocytes and to erythroid progenitor cells,
we carried out the characterization of CHA
binding to both cell types. Our Data that the
erythroid progenitor cells have both high and
low affinity binding sites (Table 3, Fig. 3) but
mouse erythrocytes have only the low affinity
sites Table 3, Fig. 4), and that CHA inhibits the
Ca®* uptake in the erythroid progenitor cells,
but has almost no effect on the Ca*™* uptake in
the mouse erythrocytes (Table 2) suggest that
the high affinity CHA binding sites in the
erythroid progenitor cells may be involved in
the inhibition of the Ca*™" uptake.
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Anemia-inducing strain of Friend virus (FVA)¥ &7 progenitor cell®] $4& &
Zlet= AFH retrovirus® dFEoltd. FVAel 74d® Hz= RQAo] &2 progenitor cello]
352 BEk v Eseg upaeldlg xadgc) oldd B AgdME FVAd 74
2 A9 wiAwdE AZR AREsle] 2°,3’-dideoxycytidine (ddC) % interferon-a-A
(rIFN-2-A)¢] &retrovirus &35 &A43t9ch. "1 ddC (100 mg/kg) % rIFN-a-A (10KU
/mouse)® A7t BE mE WE3de 18Uz Bl FeolA] wige] witirt 47k 15.1%, 52.7%,
61.6% AA=NcE & ohE AFFoZ ddCE AFFol feisted (0.1 mg/ml) ATE 1847
FoA), zelal ddCe) ATFoi9k W4sle] rIFN-z-AS $9 vb7hA S0 2 Bl Fof
Al wiARHE 47 38.4% B 83.2% olAIstATh o] Az ddCe FoA] BN FARRTRE
AT5ol7t o frashH, ddCe} rIFN-e-AE HE5994) d7hd e 2397 A& Al g

ddC §°}A] progenitor cell®] EAA #HEE HdEsl7] ¢sl, Ca*™ uptake [*Hlcyclo-
hexyladenosine (CHA) bindng A3& AAlslgitt, CHA bindng 2825 Ass 2874
A A zstAd e AR shi®eld] dhsl, progenitor cellol A w3t Adx) A st e £r}
A AEEE Jeldisdel. Catt uptake A AT A5E Aspo] vig d2TY A
progenitor cell-& °F 208 F7}% vtehulgden, ddCE A&4F98 oAM= FAE AAE
b odel. ojul CHAO 218 Ca* uptake®] A &aE &3 v}, ddC 100 mg/kg F9F
o AY 76%E HxT 86% Rt oA iy}t @A vehtow, o] 2%+ adenosine 2@
°F<l theophylline® A XA dx2gz fAFsA 32 =),
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