significant effect on Ts cell activity (Fig.
2¢). Thus, the activity of antibody to I-J*
was lost specifically by adsorption on I-
J< splenocytes. Cells from naive animals
did not confer susceptibility to the
growth of the tumor (Fig. 2d).

As noted above, administration of
anti-I-J reagents in vivo retarded pri-
mary tumor growth in some systems (13,
14). Our results show that this can occur
by interfering with the appearance of
transferable suppressor cells and attest
to the importance of I-J bearing elements
in UV radiation-induced tumor-specific
Ts cell activity prior to the overt appear-
ance of a tumor. The discovery that
administration of CY has a similar effect
may be related to earlier observations
indicating that the splenic I-J bearing
APC’s required for effector-suppressor
cell activation are CY-sensitive (/5). Al-
though it is difficult to make quantitative
comparisons between the observed ef-
fects of antibody to I-J* compared to
those of CY on the basis of these experi-
ments, the greater activity of antibody
observed compared to that of CY might
be due to interference by the antibody,
both at the level of activation of Ts cells
by the I-J bearing APC’s and at the level
of I-J bearing Ts cells, while CY may
work by interference only at the I-J
bearing APC level. Dose-response titra-
tions may help to address this question.
Further, the observation that the activity
of monoclonal antibody to I-J* is lost by
adsorption on naive I-J¥ but not I-J¢
splenocytes from H-2 congenic mice
confirms that the antibody recognizes
specifically an H-2 product. Therapeutic
approaches to malignancies or other dis-
eases in which Ts cells play a role may
therefore be possible through the use of
antibodies or other regulatory agents
that modify Ts cell activity or genera-
tion.
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Arabinosylcytosine Induces Fetal Hemoglobin in Baboons by

Perturbing Erythroid Cell Differentiation Kinetics

Abstract. Arabinosylcytosine, a compound that inhibits DNA synthesis in rapidly
dividing cells, stimulates fetal hemoglobin in adult baboons and produces significant
perturbations in the pools of erythroid progenitors. It appears that changes in the
kinetics of erythroid cell differentiation rather than direct action on the v genes
underlie stimulation of fetal hemoglobin in the adult animals in vivo. These results
also suggest that chemotherapeutic agents selected for their low carcinogenic or
mutagenic potential could be used for therapeutic induction of fetal hemoglobin in

patients with sickle cell anemia.

Evidence suggests that stimulation of
fetal hemoglobin (Hb F) synthesis will
have beneficial effects in patients with -
chain hemoglobinopathies. Stimulation
of Hb F was recently achieved in ba-
boons and in patients with thalassemia or
hemoglobin S (Hb S) disease treated
with 5-azacytidine (I, 2). Since globin
gene expression is correlated with the
degree of globin gene methylation (3) and
since S-azacytidine inhibits DNA meth-
ylation, it was suggested that the stimu-
lation of Hb F in the treated individuals
was due to demethylation of +y-globin
genes (I, 2, 4). We suggested that the
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Fig. 1. Stimulation of F-reticulocyte produc-
tion in three baboons treated with Ara-C (one
animal was treated twice). Note the sharp
increase in F reticulocytes, reaching a peak 4
to 5 days after the end of treatment.

induction of Hb F by 5-azacytidine could
be attributed to cell kinetic perturbations
introduced by the drug (5). By inhibiting
proliferation of rapidly dividing ery-
throid cells (late progenitor pools and
early normoblasts), S-azacytidine intro-
duces changes in the differentiation ki-
netics of erythroid cells that lead to
premature commitment to terminal mat-
uration of early erythroid progenitors
having an active Hb F program and thus
induces production of red cells express-
ing Hb F (F cells) (5). We tested this cell
kinetic mechanism of Hb F stimulation
in baboons (Papio cynocephalus) treated
with 1-B-p-arabinofuranosylcytosine
(Ara-C). We expected this inhibitor of
DNA synthesis to affect cells engaged in
DNA synthesis (such as late erythroid
progenitors) and induce kinetic perturba-
tions of erythropoiesis but not to directly
influence the degree of methylation of ~y-
globin genes (6).

Anemic baboons (7) were given four or
five daily doses of Ara-C (2 mg/kg per
day). Effects on Hb F were measured
with counts of F cells, chemical mea-
surements of Hb F, globin chain biosyn-
thesis, and counts of F reticulocytes
(newly produced red cells that contain
Hb F) (5, 8).

Administration of Ara-C led to sharp
increases in F reticulocytes as the per-
centage of total reticulocytes (Fig. 1).
Peak values (50 to 75 percent) were
reached 4 to 5 days after the end of
treatment. Concomitantly, y/y + B bio-
synthetic ratios increased from 0.01 to
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0.02 before treatment to 0.30 to 0.47 after
treatment; F cells from 1.5 to 3.4 percent
to 35.2 to 57.1 percent; Hb F from 0.4 to
0.9 percent to 5.7 to 18.6 percent; abso-
lute levels of Hb F from 0.05 to 0.11 g/dl
to 0.44 to 1.5 g/dl; and absolute F-cell
volume (F-cell hematocrit) from 0.6 to
1.3 percent to 11.5 to 13.7 percent. These
results show that Hb F can be induced in
the adult animal by a compound that
does not directly influence y-gene meth-
ylation.

Effects of the treatment on pools of
erythroid progenitor cells were assessed
with cultures of bone marrow cells in
semisolid media (9). The perturbations in
erythroid progenitors observed in manip-
ulated animals are depicted in Fig. 2.
Induction of anemia resuited in the ex-
pected expansion of erythroid progenitor
pools, especially the late ones [colony-
forming units erythroid (CFUe) and ery-
throid cluster—forming cells (e-clusters)].
Administration of Ara-C at the doses
used did not affect the pool of burst-
forming units erythroid (BFUe); this was
not surprising since the majority of these
early erythroid progenitors are not in
cycle (10). By contrast, Ara-C signifi-
cantly affected the actively cycling late

progenitors (CFUe and e-clusters).
There was a profound reduction in the
size of late erythroid progenitor pools
during or immediately after treatment,
followed by a drastic increase (Fig. 2A).
Alternatively, there was a mild reduction
in size during treatment followed by a
striking increase soon after treatment
(Fig. 2B).

Animals treated with Ara-C were also
treated with identically designed courses
of 5-azacytidine. 5-Azacytidine pro-
duced waves of F reticulocytes that were
similar in the time of their appearance
after treatment and in their response
curve to those produced by Ara-C (Fig.
3). Assessment of progenitor cell pools
revealed perturbations like those de-
scribed for Ara-C. These results strongly
suggest that the two compounds stimu-
late Hb F synthesis through a common
mechanism that affects the animal’s ery-
throid cell differentiation kinetics.

Previous studies in erythroid cell cul-
tures have shown that early erythroid
progenitors in the adult have an active
Hb F program that is turned off during
downstream differentiation (/7). The
perturbations of erythroid progenitor ki-
netics in baboons treated with Ara-C

AL T Fig. 2. Perturbations in late
Soor . erythroid progenitor pools
A B by Ara-C. The number of
2 3 400t 1t { erythroid colonies (CFU(;
= .2 . plus e-clusters) per 10
2 0o plated bone marrow cells
S :_’ 300 17T 1 cultured with (open sym-
o © . bols) or without (closed
o § 200 1L ] symbols) added erythro-
£ o poietin was normalized by
E g \/\ using the pretreatment val-
< 100} ’ {1+ 1 ue, 100 percent. Results
7\ are shown for (a) the nor-
f] N [J....‘.u...u.....“.... mal animal before treat-
Y T; T Si0is2025 : “bw ~— 6 10 15 20 25 ment, (b) the anemic ani-
Days after Days after mal before treatment, and

treatment treatment

(c) during treatment of the

anemic animal with Ara-C. (A) Data for animals that were treated for 5 days. There is a
profound reduction in late progenitor cell pools after treatment and a sizeable expansion a few
days later. (B) Data for an animal that was treated for 4 days (O; @) and an animal that received
Ara-C while it was not anemic (A; A). Note the small reduction in late progenitor cell pools
during treatment and the striking expansion after treatment. The expansion reflects perturba-
tion of the erythroid progenitor cell pools by Ara-C (13).
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Fig. 3. Production of
F reticulocytes in ba-
boons treated with
Ara-C (2 mg/kg per
day) (continuous
lines) or S-azacytidine
(2 mgkg per day)
(dashed lines). Note
that the two drugs
elicit nearly identical
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may explain the stimulation of Hb F.
The sudden reduction in the pool of late
erythroid progenitors induces premature
commitment to terminal maturation of a
large number of earlier progenitors in
order to meet the continuing erythropoi-
etic demand. The newly formed cells
have an active Hb F program and form
mature progeny that display that pro-
gram; this results in the brisk F-reticulo-
cyte response that follows the treatment.
The subsequent increase in the size of
late erythroid progenitor cell pools (/2)
results in a slowdown in the entry of
early progenitors to the late compart-
ment of erythropoiesis, and F-reticulo-
cyte production returns to baseline lev-
els in the anemic animal (/3).

In addition to their relevance to the
cellular mechanism that controls Hb F
expression in the adult, these findings
have implications for the treatment of
sickle cell anemia. If stimulation of Hb F
in these patients could be achieved sole-
ly by direct y-globin gene demethylation,
therapeutic attempts would have been
limited only to 5-azacytidine. If the stim-
ulation of Hb F is mainly indirect and of
cell kinetic origin, as the experiments
with Ara-C suggest, several other com-
pounds could be used for treatment.
Hence, chemicals that are potentially
less carcinogenic or mutagenic than 5-
azacytidine could be used (/4), an impor-
tant consideration in the treatment of
persons with the variable life-span of
patients with sickle cell anemia.
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Isolated Chromaffin Cells from Adrenal Medulla
Contain Primarily Monoamine Oxidase B

Abstract. Cultured chromatffin cells from bovine adrendl medulla were found to
contain primarily the B form of monoamine oxidase. This monoamine oxidase B
enzyme was somewhat distinct from B enzymes from other sources, in that
noradrenaline was a much poorer substrate than serotonin. Nonetheless, studies
with selective inhibitors of the A form (clorgyline) and the B form [(—)-deprenyl]
confirmed that chromaffin cell monoamine oxidase was the B form. The observation
that chromaffin cell monoamine oxidase has poor affinity for catecholamines is
consistent with physiological needs that require the cell to synthesize and store large

amounts of catecholamines.

Chromaffin cells have the highest con-
centrations of catecholamines in the
body, and an elaborate enzymatic sys-
tem exists to achieve this end (/). Tyro-
sine hydroxylase in the cytoplasm con-
verts tyrosine to dopa (2), which is rapid-
ly converted to dopamine by nonspecific
aromatic amino acid decarboxylase (3).
Dopamine, still in the cytoplasm, is then
taken up into the chromaffin granule by
an adenosine triphosphate-dependent
mechanism (4), where it is converted to
noradrenaline by dopamine-B-hydroxy-
lase (5). Subsequently, noradrenaline re-
turns to the cytoplasm where it is meth-
ylated to adrenaline by phenylethanol-
amine N-methyl transferase (6) before
final uptake into the chromaffin granule
for storage.

In spite of the profound flux of cate-
cholamines through the cytosolic portion
of the cell, one can detect relatively little
evidence of catecholamine deamination
by the otherwise quite active adrenal
medullary monoamine oxidase (MAO)
(7). Indeed, we had noted in preliminary
studies (8) that inclusion of a nonselec-
tive monoamine oxidase inhibitor such
as tranylcypromine had no apparent in-
fluence on measured noradrenaline accu-
mulation either in partially purified chro-
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maffin granules or in isolated chromaffin
cells. Pargyline, a nonspecific MAO in-
hibitor, apparently does not have any
profound effects on cytosolic catechol-
amine levels in pheochromocytoma
cells, since neither synthesis nor secre-
tion of catecholamines was affected (9).
Such a result could be accounted for
either by the chromaffin cells having
relatively low MAO activity or by the
cells having a form of MAO that had a
selectively poor affinity for catechol-
amines.

Monoamine oxidase is found in two
forms, A and B, which differ in substrate
specificity and inhibitor sensitivity (/0).
For example, MAO-A preferentially de-
aminates serotonin and noradrenaline
(10, 11) and is selectively inhibited by
clorgyline (/7). By contrast, MAO-B has
a high affinity for phenylethylamine and
benzylamine (/0) and is selectively inhib-
ited by (—)-deprenyl (/2). Tyramine and
dopamine are substrates for both en-
zyme forms (11).

To examine the role of MAO directly,
we prepared purified chromaffin cells by
collagenase digestion using our modifica-
tion (/3) of the method of Livett et al.
(14). Chromaffin cells were separated
from contaminating fibroblasts by differ-

ential plating (15). These cells were fro-
zen and thawed twice at —70°C, then
centrifuged at 14,000¢ for 20 minutes at
4°C, and the pellet was washed once in
0.3M sucrose. The pellet was finally sus-
pended in 0.1M Na-K-PO, buffer, pH
7.4, and used as a source of MAO en-
zyme. MAO activity was measured with
various substrates by the method of Tip-
ton and Youdim (/6). As shown in Table
1, chromaffin cell MAO can deaminate
monoamines with different efficiencies
and relative values of maximum velocity
(Vmax)- Nonhydroxylated amines such as
phenylethylamine and kynuramine had
significantly lower values of the Michae-
lis constant (K,) than hydroxylated
amines such as tyramine, dopamine, ser-
otonin, and noradrenaline. The K, of
MAO for noradrenaline was 1100 pM,
nearly three times that of serotonin and
50 times that of phenylethylamine. Fur-
thermore, the relative V,,,, for noradren-
aline, as compared to tyramine, phenyl-
ethylamine, and dopamine, was signifi-
cantly lower. These observations sug-
gested that the MAO in the chromaffin
cell was somewhat unusual and was per-
haps the B type.

We examined the inhibitor specificity
of chromaffin cell MAO with selective
inhibitors of MAO-A and MAO-B (//,
12). Clorgyline, the selective inhibitor of
MAO-A, was a poor inactivator of chro-
maffin cell MAO when tyramine, phenyl-
ethylamine, and serotonin were used as
substrates (Fig. 1A). The median inhibi-
tory concentration (ICsy) ranged from
1077 to 5 x 107°M. In addition, with all
the three substrates, clorgyline exhibited
a simple sigmoid curve, indicating one
type of enzyme (11).

(—)-Deprenyl also showed a single in-
hibitory curve, but in contrast to clorgy-
line, it was a much more potent inhibitor
of tyramine, phenylethylamine, and ser-
otonin deamination. The ICs, values for
(—)-deprenyl ranged from 5 x 107°M to
5 X 1078M. These results are similar to
the inhibitory potencies of (—)-deprenyl
for MAO-B in other tissues such as liver
(17), human platelet (/8), brain (/9), and
lung (20).

These data thus indicate that the MAO
in the chromaffin cell is primarily in the
B form of the enzyme. This conclusion is
primarily substantiated by the observa-
tion that the tyramine inhibition curves
with clorgyline and (—)-deprenyl were of
simple single form and that (—)-deprenyl
was a much better inhibitor of chromaf-
fin cell MAO than was clorgyline. In
addition, the relative V.. (Table 1) was
higher for the type B substrate phenyl-
ethylamine than for the MAO-A sub-
strates serotonin and noradrenaline. Ear-

619





