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ABSTRACT

\Iethylthioadenosine (MTA), a coproduct of polyamine biosynthesis,
is known to inhibit proliferation in a variety of cell culture systems. In
this paper, we show that while MTA inhibits the growth of the human
promyelocytic cell line III,-611, it does not interfere with retinole acid-
induced granulocytic or phorbol ester-induced monocytic differentiation
of these cells. MTA also inhibits proliferation induced by colony stimu
lating activity of normal human granulocytic precursor cells grown in
suspension culture but does not suppress terminal differentiation of these
cells. In contrast to the lack of effect of MTA on granulocytic differen
tiation which we report here, others have shown that MTA prevents
terminal differentiation of murine erythroleukemia cells. That MTA is a
normal cellular constituent which inhibits proliferation but not differen
tiation of normal granulopoietic cells and may have opposing effects on
immature cells of erythroid lineage suggests a possible role for this
compound in the regulation of hematopoiesis. In addition, MTA may be
useful for studying the process of differentiation in the absence of cell
proliferation in granulopoietic cells.

INTRODUCTION

The progression of cells from a quiescent to a proliferating
state is accompanied by marked increases in the cellular levels
of polyamines and in the activities of the enzymes involved in
their biosynthesis (1-3). Unlike the polyamines, MTA,5 a co

product of polyamine biosynthesis (4), does not normally ac
cumulate in cells. Its rapid degradation in mammalian cells is
accomplished by the enzyme MTA phosphorylase (5). The
products of this reaction, adenine and methylthioribose-1-phos
phate, can subsequently be converted into DNA precursors (6)
and methionine (7), respectively.

Although the biological occurrence of MTA was recognized
nearly 75 years ago (8), it has only recently become apparent
that MTA may play a role in the control of cell division. For
example, it has been shown that MTA inhibits the proliferation
of normal human peripheral blood lymphocytes stimulated by
mitogens (9) and the proliferation of several murine hemato-
poietic cell lines in culture (10). More recently, MTA has been
implicated as a mediator of the antiproliferative activity of a
and ÃŸinterferon (11).

Because of these inhibitory effects of MTA on various types
of proliferating cells, we wondered what role MTA might have
in hematopoiesis, a system where controlled proliferation and
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differentiation are essential. To address this question, we ex
amined the effects of MTA on the growth and differentiation
of HL-60 cells and normal human myeloid precursor cells.

MATERIALS AND METHODS

Materials. Methylthioadenosine, TPA, nitroblue tetrazolium, and
diagnostic kits for Â«-naphtholacetate esterase and chloroacetate ester
ase were purchased from Sigma Chemical Co. (St. Louis, MO). Ami-
noguanidine bicarbonate was obtained from Aldrich Chemical Com
pany. cisRA was obtained from Hoffman-LaRoche (Nutley, NJ).

Cell Lines. HL-60 cells were routinely cultured in RPMI 1640
(Gibco) containing 10% fetal calf serum, penicillin (100 units/ml), and
streptomycin (100 Mg/ml) and maintained in a humidified atmosphere
of 95% air/5% CO2 at 37Â°C.The HL-60 cell line contains abundant

MTA phosphorylase activity, exhibiting a specific activity of 436 pmol/
min/mg protein. To examine the ability of polyamines to reverse the
antiproliferative action of MTA we cultured HL-60 cells in the presence
of various combinations of MTA (0.5 HIM),spermine (1-5 MM),and
spermidine (1-5 MM).Aminoguanidine (1 HIM)was added to cultures
containing polyamines to prevent the formation of toxic products by
serum polyamine oxidase (12). cisRA (1 MM)and TPA (5 ng/ml) were
added to cultures to induce granulocytic and monocytic differentiation,
respectively (13,14). To examine its effects on differentiation processes,
MTA was used at a final concentration of 0.5 mM in cultures with or
without cisRA or TPA. This dose of MTA produced complete inhibi
tion of HL-60 cell growth (data not shown), thereby allowing for the
analysis of differentiation in the absence of proliferation. Each drug
(MTA, TPA and/or cisRA) was added to the appropriate flasks at the
beginning of the experiment. Cell viability was estimated by the exclu
sion of trypan blue. When appropriate, a 0.05% solution of trypsin
(Difco) in saline was used to release adherent cells before counting.

Assay for CFU-GM. Human granulocyte/macrophage progenitor
cells (CFU-GM) were assayed as previously described (15). Briefly, 2
x 10s low-density bone marrow cells were plated in 1 ml of 0.3% agar
containing McCoy's 5A medium, 10% heat-inactivated fetal calf serum,

antibiotics, and 10% (v/v) human placenta-conditioned medium [pre
pared according to the methods of Schlunk and Schleyer ( 16)] a potent
source of colony stimulating activity (17). Plates were incubated at
37Â°Cin a humidified atmosphere of 7.5% CO2 in air for 7 days, and

colonies containing 40 or more cells were enumerated under a dissecting
microscope.

Suspension Culture of Normal Human Bone Marrow Precursor Cells.
Bone marrow cells were drawn in preservative-free heparin from the
posterior iliac crest of normal volunteers after obtaining informed
consent. Enrichment of the cell population for granulocytic precursors
was accomplished as outlined by Gowda et al. (18). Low density cells
were prepared with Ficoll-Paque centrifugation (19). T-lymphocytes
were removed by formation of E-rosettes with sheep RBC and a second
centrifugation on Ficoll-Paque (20). Monocytes and macrophages were
removed by adherence to serum-coated plastic dishes (21). B-lympho-
cytes were removed by adherence to nylon fibers (22). The resulting
"maximally-depleted" cell suspension contained primarily immature

lymphoid-appearing cells and a small proportion of granulocytic cells
at various stages of differentiation. CFU-GM in these cell suspensions
were enriched ~20-fold and represented ~5-10% of our final "null
cell" population. The specific activity of MTA phosphorylase in the
null cell population was 154-208 pmol/min/mg protein. For liquid
culture, maximally-depleted cells were seeded at 3 x 10s cells/ml in

RPMI 1640 medium containing 10% fetal calf serum with or without
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HPCM. After 24 h, MTA was added at a final concentration of 50 MM.
At this concentration of MTA, colony stimulating activity-induced
proliferation of normal granulocytic precursors was completely inhib
ited. Cell number was determined at daily intervals by counting on a
hemacytometer. Cell viability was determined by trypan blue dye exclu
sion and was greater than 95% in each culture over the 7-day period.

Analysis of Differentiation. Cells examined for morphology were
stained with Wright-Giemsa. Adherence to plastic was determined by
counting free-floating cells and those released after a 5-min incubation
with 1 ml of trypsin solution (0.05%). For nitroblue tetrazolium reduc
tion assays, 3 x IO5 cells suspended in 1 ml of saline were incubated
with 1 ml of 0.2% nitroblue tetrazolium for 25 min at 37Â°C.The cells

were then centrifuged onto microscope slides, stained with Wright-
Giemsa, and examined for the presence of blue/black formazan deposits
(23). Histochemical staining with a-naphtholacetate esterase (mono
cytic-lineage specific) and chloroacetate esterase (granulocytic-lineage
specific) assays were performed as described by Yam et al. (24, 25).
Cells were harvested on day 3 for the phorbol ester studies and on day
5 for the cisRA studies. The percentage of cells with mature granulocytic
morphology was assessed by enumerating the number of cells with band
or segmented nuclei in differential counts of at least 300 cells.

RESULTS

CFU-GM Studies. The effect of MTA on colony formation
by normal human CFU-GM is shown in Fig. 1. Greater than
85% inhibition of colony number occurred at an MTA concen
tration of 10~4 M with an ID50 of ~10~5 M. Demonstrable
inhibition was noted at concentrations as low as 10~7 M. Since

colony formation by CFU-GM requires both proliferation and
differentiation, the inhibitory effect of MTA in this system
could not be clearly ascribed to a specific effect on either
process. Experiments with HL-60 cells and bone marrow cells
in suspension culture were therefore carried out to make this
distinction.

HL-60 Cell Studies. Hibasami et al. (26) and Pajilla and
Raina (27) first demonstrated that MTA inhibited the enzymes
spermine and spermidine synthase. As a result, both groups
suggested that the biological effects exerted by MTA could be
due to polyamine depletion. We examined the ability of polya-
mines to reverse the effects of MTA. As shown in Table 1, the
antiproliferative action of MTA on HL-60 cells (ID50 ~ 0.3
ITIM)was not abrogated by the addition of polyamines. Thus,
spermine or spermidine added separately or in combination at
concentrations ranging from 1-5 pM were unable to reverse the
cytostatic effects of MTA.

To study the effects of MTA on differentiation, we cultured
HL-60 cells in the presence or absence of cisRA, MTA, or both.
After 7 days of culture, the control cells had passed through 2.5

120r

Table I Inability of spermidine or spermine to reverse inhibitory effects of MTA
on HL-60 cells

10"

Conditions'Control

(noadditions)MTA
(0.5HIM)SpermidineI

flM5

MMSpermineI

//MSÃ•IMMTA

+ spermidine (1^M)MTA
+ spermidine (5Â»IM)MTA
+ spermine (1Â¿IM)MTA
+ spermine (5UM)MTA
+ both (1#IM)MTA
+ both (5 >iM)Cell

density
(XlO-'/ml)12.1

Â±2.0*2.6

Â±0.212.4

Â±1.111.7
Â±2.311.9Â±

1.812.1
Â±1.53.0
Â±0.42.7
Â±0.22.6
Â±0.42.3
Â±0.62.3
Â±0.52.6
Â±0.7

MTA (Molar)
Fig. 1. Effect of MTA on normal human CFU-GM. Data are the mean Â±SD

(bars) for four separale experiments.

' Aminoguanidine (l min) was added to all cultures containing spermine or
spermidine. For experimental details see "Materials and Methods."

* Mean Â±SD from three separate experiments after 5 days in culture.

doublings (Fig. 2A). As expected, MTA-treated cells did not
proliferate. As shown in Table 2, cisRA-treated cells became
positive for the nitroblue tetrazolium reduction test and had
the appearance of mature granulocytes in Wright-stained prep
arations after 5 days of exposure to retinoic acid. The addition
of 0.5 mM MTA to cultures containing cisRA abolished cell
proliferation but did not affect retinoic acid-induced granulo
cytic differentiation (Fig. 2A\ Table 2).

We next studied the effects of MTA on TPA-induced mon-
ocytic differentiation of HL-60 cells (Fig. 2B). When added by
itself, TPA decreased the growth rate and only a 55% increase
in cell number was noted after 3 days. Over this same period of
incubation, the percentage of mature monocytic cells increased
from 4 to greater than 90% (Table 2) as indicated by morpho
logical (Wright's stain), functional (adherence to plastic), and

histochemical (a-naphtholacetate esterase) analyses. As before,
0.5 mM MTA completely suppressed the proliferation of HL-
60 cells but did not significantly affect TPA-induced monocytic
differentiation. Thus, as in cisRA-induced granulocytic differ
entiation, TPA-induced monocytic differentiation was not af
fected by the antiproliferative action of MTA.

Normal Myeloid Precursor Studies. We next examined the
impact of exogenous MTA on the proliferation and differentia
tion of normal human granulocytic precursor cells contained in
bone marrow cell suspensions depleted of mature erythroid,
granulocytic, monocytic, and lymphoid elements. The resulting
cell suspension contained immature lymphoid-appearing cells
and a small proportion of granulocytic cells (Fig. 3/4). In order
to test the effects of MTA in this-system, it was necessary to
further enrich the cell suspension for granulocytic precursors
by exposing the bone marrow cells to HPCM for 24 h. At this
time early granulopoiesis was at its peak; that is, more than
50% of the cells contained azurophilic granules characteristic
of promyelocytes. In the continued presence of HPCM, cell
number increased 5-fold over 7 days in control cultures without
MTA (Fig. 4). As expected, the cells generated in the presence
of HPCM were largely granulocytic (28). Chloroacetate ester-
ase-positive cells increased from 7 to nearly 85% after 5 days
of culture, and morphological analysis demonstrated a predom
inance of nonproliferative bands and segmented neutrophils in
these cultures (Table 3; Fig. 3B). Proliferation of normal bone
marrow cells was more sensitive to inhibition by MTA (ID50 of
25 MM)than was proliferation of HL-60 cells. After the addition
of 50 MMMTA, bone marrow cell growth ceased (Fig. 4). As in
the studies with HL-60 cells, MTA did not significantly affect
terminal differentiation (Table 3). By day 5, over 80% of the
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Fig. 2. Effect of MTA on the proliferation
of III Ml cells. I. HL-60 cells in logarithmic
growth phase cultured in RPMI 1640 contain
ing 10% fetal calf serum supplemented with
either none (O), l /IM cii-retinoic acid (A), 0.5
mM MTA (D), or l UMm-retinoic acid and
0.5 min MTA (â€¢).B, HL-60 cells were cultured
in medium containing either none (O), 5 ng/
ml TPA (A), 0.5 min MTA (D). or 5 ng/ml
TPA and 0.5 mM MTA (â€¢).Viable cells (cells
which excluded trypan blue) were counted on
a hemacytometer. Data are mean Â±SD (bars)
for three experiments.

345

Days in Culture
1 2

DayÂ»in Culture

Table 2 Effect of MTA on cisRA- and TPA-induced differentiation of HL-60 cells
Culture conditions were as described in "Materials and Methods." Data are

mean Â±SD for three separate experiments.

TreatmentCells

withmaturegranulocyticmorphology(%)Cells
withmonocyticmorphol

ogy (%)Adherentcells(%)Cells

withformazandeposits(%)a-Naphtholacetateesterasepositive(%)

cis-Retinoic acid studies (Day 5)

ControlcisRAMTAcisRA

+ MTA4Â±

191
Â±64Â±290Â±53Â±

186
Â±95Â±

192
Â±6Phorbol

ester studies (Day3)ControlTPAMTATPA

+ MTA2Â±

191
Â±32Â±

192
Â±2<192

Â±4<189

Â±33Â±187

Â±32Â±
190

Â±4

cells developed the chloroacetate esterase staining pattern char
acteristic of granulocytic cells and appeared as mature band
and segmented neutrophils in Wright-stained preparations (Fig.

3C).

DISCUSSION

The results of several recent studies suggest that DNA syn
thesis is not required for hematopoietic cell differentiation.
Using synthetic compounds such as dimethyl sulfoxide, cisRA,
TPA, and actinomycin D to induce differentiation, investigators
have noted a decrease or absence of DNA synthesis associated
with differentiation (29-31). Furthermore, FerrerÃ² et al. (31)
found that cisRA-induced differentiation of HL-60 cells was
not affected by hydroxyurea, a potent inhibitor of DNA synthe
sis. Our results support these findings and extend them in two
important ways: (a) MTA is a naturally-occurring cellular com
pound which is ubiquitous in the biological world; in previous
studies, nonphysiological compounds such as hydroxyurea were
used as growth inhibitors; (b) we show that MTA inhibits CSA-
induced proliferation but not terminal differentiation of normal
human granulocytic precursors; previous studies have utilized
malignant cell lines such as HL-60 and Friend erythroleukemia
cells to analyze the relationship between proliferation and dif
ferentiation. In our studies maximally-depleted normal bone
marrow cells were cultured for 24 h in the presence of HPCM
in order to further enrich for granulocytic precursors. Thus, we
cannot conclusively state that MTA is without effect on the

early events of normal granulocytic differentiation. However, it
is clear that MTA does not interfere with terminal differentia
tion of granulocytic cells from the promyelocytic stage to ma
ture neutrophils. On the basis of these results, we suggest that
proliferation and differentiation are separable processes in nor
mal human myeloid precursor cells. Moreover, our results
suggest that MTA may play a role in the interrelationship
between these two processes.

In contrast to the lack of effect of MTA on granulocytic
differentiation which we report here, Di Fiore et al. (32) and
Shafman et al. (33) have shown that MTA prevents terminal
differentiation of murine erythroleukemia cells. The contrasting
results could simply reflect species differences [for example, Di
Fiore et al. (32) found no effect of MTA on differentiation of
the human erythroleukemia cell line K-562] or the use of
different inducing agents. However, if MTA inhibits differen
tiation of erythroid but not granulocytic precursor cells, then
processes which govern intracellular levels of MTA could func
tion to favor marrow output of mature granulocytes or eryth-
rocytes. Thus, increases or decreases in intracellular MTA levels
(possibly mediated by alterations in MTA phosphorylase activ
ity) could represent a mechanism for selective bone marrow
response to granulopoietic or erthyropoietic stimuli.

It has been suggested that MTA exerts its inhibitory action
through the production of one or both of its degradation prod
ucts, namely, adenine and/or methylthioribose-1 -phosphate
(34). Supporting this hypothesis is the observation that MTA
supplementation inhibits the proliferation of MTAase-contain-
ing Sarcoma 180 cells in association with an increase in the
intracellular levels of adenine nucleotides, especially ATP (35).
Conversely, MTA also arrests the growth of cells which lack
MTAase suggesting that it need not be degraded to be inhibitory
(36). The reason for these divergent results is not clear, but it
is possible that both MTA and its products play important
roles in the overall effect of MTA on cell proliferation. The
identification of the compound(s) directly responsible for the
inhibitory effects produced by MTA must await the determi
nation of intracellular concentrations of MTA and its metabo
lites.

Various direct effects of MTA on mammalian cellular en
zymes have been described. For example, MTA reportedly
inhibits lymphocyte-derived cyclic AMP phosphodiesterase (37,
38), erythrocyte S'-adenosylhomocysteine hydrolase (39), and

spermine and spermidine synthase (26, 27, 40, 41). The exact
mechanism by which MTA exerts its antiproliferative effect on
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Fig. 3. Morphological appearance of normal human bone marrow cells en
riched for granulocytic precursors (A), after 5 days of culture with HPCM (B),
and after 5 days of culture with HPCM plus 50 ^M MTA (C). Cells were stained
with Wright-Giemsa. Original magnification, x 1000.

myeloid cells remains to be determined. That spermine and/or
spermidine did not reverse the inhibitory effect of MTA sug
gests that polyamine biosynthesis is not the primary site of its
antiproliferative action in HL-60 cells.

Recent studies by Luk et al. (23) have shown that DFMO,

ft 4 -

01 2345

Days in Culture
Fig. 4. Proliferative response of normal human granulocyte precursors in the

presence of colony stimulating activity and MTA. Additions to bone marrow cells
were either none (O), 10% HPCM (â€¢),50 nM MTA (A), or 10% HPCM and 50
JIMMTA (A). [, time of addition of MTA. Assessment of cell proliferation and
differentiation was as described in "Materials and Methods." Cell viability was

determined by trypan blue dye exclusion and was greater than 90% in each culture
over the 7-day period. Data are mean Â±SD (bars) for three experiments.

Table 3 Effects of MTA on CSA-induced differentiation of human
granulocyte precursors

Procedures were as described in "Materials and Methods." The results from

three separate experiments are the mean Â±SD after 5 days of culture.

Dual esterase (%) Wright stain

ControlHPCMMTAHPCM

+ MTAn-Chloroacetate32

Â±885
Â±435

Â±1084
Â±3NonspecificacÃ©tale9Â±

18Â±
16Â±67Â±3Maturegranulocytes(%)31

Â±1186
Â±736
Â±779

Â±6Monocytes(%)6Â±

23Â±
18Â±36Â±2

an irreversible inhibitor of ornithine decarboxylase (42), pro
duces inhibitory effects on HL-60 cells similar to those which
we noted with MTA. Like MTA, DFMO inhibited proliferation
of HL-60 cells without preventing cellular differentiation (23).
However, in contrast to our findings with MTA, DFMO-
induced inhibition of cell growth was readily reversed by the
addition of spermine or spermidine. Thus, it appears that while
MTA and DFMO have similar net effects on the proliferation
and differentiation of HL-60 cells, these effects are mediated
by distinct mechanisms.

It is of note that altered MTA metabolism has been associated
with certain disease states characterized by abnormal cellular
growth and differentiation. Mills and Mills (43) found elevated
urinary excretion of MTA in six of seven children with severe
combined immunodeficiency. Kamatani et ai. (44) reported that
2 of 20 leukemia patients harbored malignant cells that were
deficient in the enzyme MTA phosphorylase. In addition, Chil-
cote et al. (45) recently described a patient with lymphomatous
acute lymphocytic leukemia whose malignant blast cells were
devoid of MTA phosphorylase activity. Although it is not
certain that the defect in MTA metabolism was involved in the
etiology or pathogenesis of these diseases, MTA-mediated al
terations in the relationship between proliferation and differ-
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entiation could account for many of the abnormalities observed
in these patients.

Whether or not MTA proves to play a role in the regulation
of hematopoiesis or in the pathogenesis of disease states, it may
prove to be a useful laboratory reagent for studying the proc
esses of proliferation and differentiation independently.

ACKNOWLEDGMENTS

We would like to express our thanks to Linda Johnson for her
excellent technical assistance.

REFERENCES

1. Rupniak. H. T., and Paul, D. Regulation of the cell cycle by polyamines in
normal and transformed fibroblasts. In: R. A. Campell (ed.). Advances in
Polyamine Research, p. 117. New York: Raven Press, 1978.

2. Morris, D. R. Polyamines in rapidly proliferating cells. In: R. A. Campell
(ed.), Advances in Polyamine Research, p. 105. New York: Raven Press,
1978.

3. Williams-Ashman, H. G., Seidenfeld .1.. and Galletti, P. Trends in the
biochemical pharmacology of 5'-deoxy-5'methylthioadenosine. Biochem.
Pharmacol., 31: 277-288, 1982.

4. Pegg, A. E., and Williams-Ashman, H. G. On the role of 5-adenosyl-L-
methionine in the biosynthesis of spermine by rat prostate. J. Biol. Chem.,
244: 682-693, 1969.

5. Pegg, A. E.. and Williams-Ashman, H. G. Phosphate-stimulated breakdown
of S'-methylthioadenosine by rat ventral prostate. Biochem. J., IIS: 241-

247, 1969.
6. Kamatani, N., Nelson-Rees, W. A., and Carson D. A. Selective killing of

human malignant cells deficient in MTA phosphorylase, a purine metabolic
enzyme. Proc. Nati. Acad. Sci. USA, 78: 1219-1223, 1981.

7. Backlund, P. S., Jr., and Smith, R. A. Methionine synthesis from 5'-
methylthioadenosine in rat liver. J. Biol. Chem., 244: 1533-1535, 1981.

8. Mandel, J. A., and Dunham, K. Preliminary note on a purine-hexose com
pound. J. Biol. Chem., //: 85-86, 1912.

9. Vandenbark, A. A., Ferro. A. J., and Barney, C. B. Inhibition of lymphocyte
transformation by a naturally occurring metabolite: 5'-methylthioadenosine.
Cell. Immunol., 49: 26-33. 1980.

10. Wolford, R. W., MacDonald, M. R.. Zehfus, B., Rogers. T. J., and Ferro, A.
J. Effect of 5'-methylthioadenosine and its analogues on murine lymphoid
cell proliferation. Cancer Res., 41: 3035-3039, 1980.

11. de Ferra, F., and Baglioni. C. Correlation between growth inhibition and
presence of 5'-methylthioadenosine in cells treated with interferon. Cancer
Res., â€¢Â«.â€¢2297-2301,1984.

12. Gahl, W. A., and Pilot, H. C. Putrescine-oxidase activity in adult bovine
serum and fetal bovine serum. In Vitro (Rockville), 15: 252-257, 1979.

13. Breitman, T. R., Selonick, S. E., and Collins, S. J. Induction of differentiation
of the human promyelocytic leukemia cell line (HL-60) by retinoic acid.
Proc. Nati. Acad. Sci. USA, 77: 2936-2940, 1980.

14. Rovera, G., O'Brien, T. G., and Diamond, C. Induction of differentiation in

human promyelocytic leukemia cells by tumor promotors. Science (Wash.
DC), 204: 868-869, 1979.

15. Fitchen, J. H.. Ferrone, S., Quaranta, V., Moninara, G. A., and Cline, M. J.
Monoclonal antibodies to H LA-A.B. and la-like antigens inhibit colony
formation by human imi-Inni progenitor cells. J. Immunol.. 725:2004-2008.

1980.
16. sdÃ¬lunk. T.. and Schleyer, M. The influence of culture conditions on the

production of colony-stimulating activity by human placenta. Exp. Hematol.
(Copenh.), 8: 179-184, 1980.

17. Burgess, A. W., Wilson, E. M. A., and Metcalf, D. Stimulation by human
placenta! conditioned medium of hemopoietic colony formation by human
marrow cells. Blood, 49: 573-583, 1977.

18. Gowda, S. D., Koler, R. D., and Bagby, G. C. Regulation of c-myc expression
during growth and differentiation of normal and leukemic human myeloid
progenitor cells. J. Clin. Invest., 77: 271-278, 1986.

19. Um um. A. Isolation of lymphocytes, granulocytes and macrophages. Scand.
J. Immunol. 5 (Suppl 5): 9-15, 1976.

20. Mendes, N. F., Tolnai. M. E. A.. Silveira, N. P. A., Gilbertsen. R. B., and
Metzgar, R. S. Technical aspects of the rosette tests used to detect human
complement receptor (B) and sheep erythrocyte-binding (T) lymphocytes. J.
Immunol., ///: 860-867, 1973.

21. Kunagai, K., Itoh, K., Hinuma, S., and Tada, M. Pretreatment of plastic
petri dishes with fetal calf serum. A simple method for macrophage isolation.
J. Immunol. Methods, 29: 17-25, 1979.

22. Julius, M. H., Simpson, E., and Herzenberg, L. A. A rapid method for the
isolation of functional thymus-derived murine lymphocytes. Eur. J. Immu
nol., 3:645-650, 1973.

23. Luk, G. D., Civin, C. I., Weissman, R. M., and Baylin. S. B. Ornithine
decarboxylase: essential in proliferation but not differentiation of human
promyelocytic leukemia cells. Science, 216: 75-77, 1982.

24. Yam, L. T., Cy, L., Wolfe. H. J.. and Moy, P. W. Histochemical study of
acute leukemia. Arch. Pathol., 97:129-135, 1974.

25. Yam, L. T., Cy, L., and Crosby, W. H. Cytochemical identification of
monocytes and granulocytes. Am. J. Clin. Pathol., 55: 283-290, 1971.

26. Hibasami. H., Borchardt, R. T., Chen, S. Y., Coward, J. K., and Pegg, A. E.
Studies of inhibition of rat spermidine synthase and spermine synthase.
Biochem. J., 187: 419-427, 1980.

27. Pajula, R. L., and Raina, A., Methylthioadenosine, a potent inhibitor of
spermine synthase from bovine brain. Fed. Eur. Biochem. Soc. Lett., 99:
343-350, 1979.

28. Nicola, N. A., Metcalf, D., Johnson, G. R., and Burgess. A. W. Preparation
of colony stimulating factors from human placenta! conditioned medium.
Leuk. Res., 2:313-322, 1978.

29. Rovera, G., Olashaw. N., and Meo, P. Terminal differentiation in human
promyelocytic leukaemic cells in the absence of DNA synthesis. Nature
(Lond.), 284: 69-70, 1980.

30. Territo, M. C., and Koeffler, H. P. Induction by phorbol esters of macrophage
differentiation in human leukaemia cell lines does not require cell division.
Br. J. Haematology, 47: 479-483, 1981.

31. FerrerÃ², D., Tarella. C., Gallo, E., Ruscetti, R. W., and Breitman, T. R.
Terminal differentiation of the human promyelocytic leukemia cell line HL-
60, in the absence of cell proliferation. Cancer Res., 42:4421-4426, 1982.

32. Di Fiore, P. P., Greico, M., Pinto, A., Attadia. V., Forcella, M., Cacciapuoti,
G., and Carteni-Farina. M. Inhibition of dimethyl sulfoxide-induced differ
entiation of Friend erythroleukemic cells by 5'-methylthioadenosine. Cancer
Res., 44: 4096-4103, 1984.

33. Shafman. T. D., Sherman, M. L.. and Kufe. D. Effect of S'-methylthioaden

osine on induction of murine erythroleukemia cell differentiation. Biochem.
Biophys. Res. Commun., 124: 172-177, 1984.

34. Savaresse, T. M.. Crabtree, G. W., and Parks, R. E., Jr. Reaction of 5'-
deoxyadenosine and related analogs with 5'-methylthioadenosine cleaving

enzyme of Sarcoma 180 cells, a possible chemotherapeutic target enzyme.
Biochem. Pharmacol., 28: 2227-2230, 1979.

35. Savaresse, T. M., Crabtree. G. W., and Parks, R. E., Jr. 5'-Methylthioaden-
osine phosphorylase-I. Substrate activity of 5'-deoxyadenosine with the en
zyme from Sarcoma 180 cells. Biochem. Pharmacol., 30: 189-199, 1981.

36. White, M. W., Riscoe. M. K., and Ferro. A. J. The comparative effects of
5'-methylthioadenosine and some of its analogs on cells containing and
deficient in 5'-methylthioadenosine phosphorylase. Biochim. Biophys. Acta,
762:405-413, 1983.

37. Wolberg, F., Zimmerman. T. P., Schmitges, C. J.. Duncan, C. S., and
Deeprose, R. D. Inhibition of lymphocyte cyclic AMP phosphodiesterase
and lymphocyte function by 5'-methylthioadenosine. Biochem. Pharmacol.,
31: 2201-2206, 1982.

38. Riscoe, M. K.. Tower. P. A., and Ferro, A. J. Mechanism of action of 5'-
methylthioadenosine in S49 cells. Biochem. Pharmacol., 33: 3639-3643,
1984.

39. Ferro, A. J.. Vandenbark, A. A., and MacDonald. M. R. Inactivation of S-
adenosylhomocysteine hydrolase by S'-deoxy-S'-methylthioadenosine.
Biochem. Biophys. Res. Commun., 100: 523-528, 1981.

40. Raina, A.. Tromi, K.. and Pajula, R. Inhibition of the synthesis of polyamines
and macromolecules by 5'-methylthioadenosine and 5'-alkylthiotubercidins
in BHK21 cells. Biochem. J., 204:697-703, 1982.

41. Pegg, A. E., Borchardt, R. T., and Coward, J. K. Effects of inhibitors of
spermidine and spermine synthesis on polyamine concentrations and growth
of transformed mouse fibroblasts. Biochem. J.. 194: 79-89. 1981.

42. Koch-Weser, J., Schechter, P. J.. Bey. P.. Danzin. C.. Fozard, J. R., Jung.
M. J., Mamont. P. S., Prakash, N. J., Seiler, J., and Sjoerdsma. A. Potential
of ornithine decarboxylase inhibitors as therapeutic agents. In: D. It. Morris
and L. J. Marton (eds.), Polyamines in Biology and Medicine, pp. 437-453.
New York: Marcel-Dekker, 1981.

43. Mills, G. C., and Mills, S. M. Urinary excretion of methylthioadenosine in
immunodeficient children. Clin. Chim. Acta, 147: 15-23, 1985.

44. Kamatani, N., Yu, A. L., and Carson D. A. Deficiency of methylthioadenosine
phosphorylase in human leukemic cells in vivo. Blood, 60: 1387-1391, 1985.

45. Chilcote. R. R., Brown, E., and Rowley, J. D. Lymphoblastic leukemia with
lymphomatous features associated with abnormalities of the short arm of
chromosome 9. N. Engl. J. Med., 313: 286-291, 1985.

3834

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/14/3830/2427994/cr0470143830.pdf by guest on 19 M

ay 2023


