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ABSTRACT There are a number ofagents which, when added
to cultures of murine erythroleukemia cells (MELC), markedly
increase the probability of commitment to express the character-
istics of terminal erythroid differentiation, including loss of pro-
liferative capacity and increased accumulation of globin mRNA
and hemoglobin. Some characteristics of inducer-mediated com-
mitment of MELC to terminal erythroid differentiation were ex-
amined by determining the effects of dexamethasone (an inhibitor
of inducer-mediated MELC differentiation) and of hemin (an in-
ducer of globin mRNA accumulation). Previously, it was shown
that exposure of MELC to hexamethylene-bisacetamide (HMBA)
leads to commitment, detectable within 12 hr. MELC cultured
with both HMBA and dexamethasone do not express commitment.
MELC transferred from culture with HMBA and dexamethasone
to cloning medium without these agents express commitment to
terminal erythroid differentiation, indicating that MELC retain
a "memory" for some early HMBA-mediated changes leading to
commitment which occur even in the presence of the inhibitory
steroid. The kinetics of commitment in experiments in which ex-
posure to HMBA is interrupted, or dexamethasone is added to the
culture with HMBA, suggest that there is a rate-limiting step early
in the commitment process. The memory for this step persists for
more than one cell cycle. Addition ofhemin to cultures withHMBA
and dexamethasone initiates accumulation of globin mRNA but
does not reverse the steroid-mediated inhibition of terminal cell
division (that is, the cells retain their proliferative capacity). In-
ducer-mediated MELC commitment is associated with accumu-
lation of the chromatin protein IP25; dexamethasone does not in-
hibit this accumulation. Accumulation of IP2W may be inducer-
related, but it is not sufficient to cause expression of terminal
erythroid differentiation.

Murine erythroleukemia cells (MELC) are virus-transformed
erythroid precursor cells that retain the capacity, under in vitro
conditions, for self-renewal and for terminal differentiation
upon exposure to any of a number of inducing agents (1-5). Till
et aL (6), studying mouse hematopoietic stem cells, suggested
that the kinetics of loss of the capacity for self-renewal and ter-
minal differentiation are compatible with a stochastic process
involving a random-event component. The kinetics of inducer-
mediated MELC commitment to terminal erythroid differen-
tiation are also compatible with a stochastic process (7, 8). The
mechanism determining the probability of commitment to ter-
minal differentiation is unknown.

Inducing agents, such as dimethyl sulfoxide (Me2SO) (1) and
hexamethylenebisacetamide (HMBA) (9), markedly increase
the probability of the event(s) that commits MELC to terminal
erythroid differentiation. Induced differentiation of MELC is
characterized by the coordinated expression of the program of
erythroid differentiation, including initiation of terminal cell

division (7, 8), increased accumulation of a- and P-globin
mRNA (10, 11), of a-, ,Bma.or , and 13minor-globins and hemoglo-
bins (12, 13), of heme synthesizing enzymes (14), and ofspectrin
(15). Commitment is defined operationally as the capacity of
cells that have been exposed to inducer to initiate their terminal
cell divisions and to express other differentiated characteristics
in the absence of inducer (8) and is detectable after 12 to 16 hr
of culture with inducer (8, 16, 17); the lag period in onset and
the rate of commitment vary with the type and concentration
of inducer.
We (8, 18) and others (19) have obtained evidence to suggest

that there are inducer-mediated effects in MELC, associated
with commitment, for which the cells retain a "memory"
through more than one cell cycle, even if the expression ofcom-
mitment is suppressed. For example, the tumor promoter, 12-
O-tetradecanoylphorbol 13-acetate (TPA), is a potent inhibitor
of HMBA-mediated MELC differentiation. MELC transferred
from culture with HMBA andTPA, in which they do not express
commitment, to medium without either agent will subse-
quently display the characteristics of terminal erythroid differ-
entiation (18).

The present studies were designed to define further some
aspects ofHMBA-mediated commitment ofMELC to terminal
erythroid differentiation. These studies, using dexamethasone,
an inhibitor of inducer-mediated differentiation (20-24), pro-
vide evidence that commitment is a multistep process. Inducer-
dependent initial steps in the commitment process are not sen-
sitive to the steroid; dexamethasone inhibits later steps asso-
ciated with the initiation of terminal cell division and globin
mRNA and hemoglobin accumulation. Commitment to termi-
nal cell division involves steps distinct from the expression of
globin genes; addition of hemin to MELC in culture with
HMBA and dexamethasone permits the accumulation of globin
mRNA but does not reverse the steroid-mediated suppression
of commitment to terminal cell division.

METHODS
MELC cell line DSl9, subcloned from line 745A (provided by
Charlotte Friend), was maintained in culture as described (8).
Cells were grown in liquid suspension culture and diluted every
2 days to 105 cells per ml in fresh medium. HMBA (9) was a gift
of Charles Pfizer & Co. Cell density and benzidine-reactive
cells were assayed as detailed elsewhere (25).

Commitment, characterized by limited cell division (small
colony size) and accumulation of hemoglobin (benzidine-reac-
tive cells), was assayed by transfer of MELC from liquid sus-

Abbreviations: MELC, murine erythroleukemia cells; TPA, 12-0-tet-
tradecanoylphorbol 13-acetate; HMBA, hexamethylenebisacetamide;
IP25, 25,000-dalton chromatin protein.
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pension culture with HMBA to medium containing 1.8% meth-
ylcellulose without inducer (8). Hemoglobin accumulation was

measured spectrophotometrically at 535 nm. MELC (105 in 1.0
ml ofsaline) were mixed with 0.5 ml of0. 2% benzidine dihydro-
chloride and 0.5 ml of 1% H202 and then kept at room tem-
perature for 30 min. Hemoglobin concentration was calculated
by using a standard cyanmethemoglobin curve (Diagnostic,
Technology, Great Neck, NY).

Newly synthesized RNA was isolated from MELC cultured
with [3H]uridine (50 ACi/ml; 1 Ci = 3.7 X 1010 becquerels) for
2 hr at 370C, extracted as described (26, 27), and measured by
hybridization with a-globin cDNA immobilized on nitrocellu-
lose filters (26). The a-globin cDNA was prepared from plasmid
pCRlaM10, the generous gift of B. Mach, and grown and pre-

pared as described by Rougeon and Mach (28). National Insti-
tutes ofHealth guidelines forworkwith recombinant DNA were

followed. The 25,000-dalton chromatin protein IP25was assayed
in MELC nuclear protein by the method described by Keppel
et al. (29).

RESULTS
Dexamethasone Suppresses -HMBA-Mediated MELC Dif-

ferentiation. In preliminary experiments, it was shown that
dexamethasone inhibited the accumulation of benzidine-reac-
tive cells, hemoglobin, and a-globin mRNA and the commit-
ment to terminal cell division (Table 1). These findings are con-

sistent with previous reports (21-24, 30).
Dexamethasone Suppresses Expression of HMBA-Me-

diated Differentiation but Not Early Changes in the Commit-
ment Process. MELC were cultured in liquid suspension me-

dium with 4 mM HMBA and, at intervals up to 72 hr, aliquots
were transferred to inducer-free semisolid (methylcellulose)
cloning medium without or with 4 ,uM dexamethasone. After
20 hr ofculture with HMBA, 21% of the cells were committed;
but, when dexamethasone was included in the cloning medium,
<5% of the cells actually expressed their commitment (Fig. 1).
After 30 hr in culture with HMBA, 52% of the cells were com-

mitted, but in the presence of.dexamethasone only 6% showed
that commitment. After 40 hr with HMBA, 78% of the cells
were committed, but only 32% expressed it in the presence of
dexamethasone. After 50 and 72 hr with HMBA, 97% and 100%
of MELC were committed, respectively, and, at these times,
dexamethasone had little or no inhibiting effect on expression
of HMBA-mediated commitment.

In a parallel series of experiments, MELC were cultured in
liquid suspension with both 4 mM HMBA and 1 gM dexa-
methasone; at intervals up to 72 hr, aliquots were transferred
to inducer-free semisolid medium either without or with 4 p.M
dexamethasone (Fig. 1). Cells transferred to semisolid medium
without steroid showed a progressive increase in proportion of
cells expressing commitment. Those cells transferred to semi-

solid medium with steroid alone failed to express that commit-
ment. These findings suggest that HMBA-induced effects that
initiate the commitment process are detectable within 20 hr
and, based upon earlier findings (9, 16), probably within 12'hr.
Dexamethasone inhibited the expression ofcommitment-that
is, the limitation of proliferative capacity and the accumulation
of hemoglobin. That HMBA-treated cells whose expression of
commitment has been suppressed by simultaneous exposure to
dexamethasone do express commitment upon transfer to semi-
solid medium without either agent suggests that MELC acquire
a "memory" for some inducer-mediated effects leading to com-
mitment. The process of commitment in the total cell popula-
tion appears to require up to 40 or 50 hr for its expression to
become resistant to the inhibitory effect of dexamethasone.
Taken together, those findings suggest that HMBA-mediated
commitment involves multiple steps.

Comparison of' the Effect of Interrupted Exposure to
HMBA with That ofAdding Dexamethasone. MELC were cul-
tured with 5 mM HMBA for 12 hr. After this initial exposure

to inducer, the cultures were interrupted, for progressively
longer periods (12, 24, 36, 48, and 72 hr), by exposure either
to fresh medium without inducer or to fresh medium with
HMBA and dexamethasone. At the end of the interruption pe-

riod, the cells were returned to fresh medium containing
HMBA. All cultures were assayed for commitment at intervals
throughout the experiment (Figs. 2 and 3). After the initial 12
hr in culture with inducer, 20-25% ofthe cells were committed.
During the ensuing interruption, the proportion of cells ex-

pressing commitment decreased to <10%. This decrease in
percentage ofcommitted cells may be explained, in part, by the
increase in cell number without further recruitment of cells to
express terminal differentiation (Figs, 2 and 3; data for 72 hr not
shown). Upon transfer of cells from medium with inducer and
inhibitor into fresh medium with inducer alone, the proportion
of committed cells increased within 2-4 hr. The longer the in-
terval in culture with HMBA and dexamethasone, the greater
the magnitude of this rapid increase in proportion of cells ex-

pressing commitment. This increase approached, but did not
quite achieve the level ofcommitment in cells cultured contin-
uously with HMBA. This rapid increase in proportion of cells
expressing commitment required transfer of MELC from me-

dium with HMBA and dexamethasone to fresh medium with
HMBA; when transfer was into fresh medium without HMBA
(Fig. 3), the rapid increase was not observed.

In the case of cells whose culture in HM'BA was interrupted
by transfer to fresh medium with neither inducer nor inhibitor,
for 12, 24, 36, 48, or 72 hr, there was little rapid increase in
expressed commitment during the 2-4 hr upon transfer to fresh
medium after 12 and 24 hr, and none after 48 or 72 hr (Figs.
2 and 3). In these cultures, after transfer of MELC from me-

dium without HMBA to medium with inducer, the increase in

Table 1. Effect of dexamethasone on HMBA-induced MELC differentiation
Benzidine a-Globin

Cell density,* reactive Hemoglobin,* Commitment,t mRNA,*
Addition no; x 10-6/ml cells,* % Ig/106 cells % %

None 1.92 0.5 0.6 1 0.004
HMBA (5 mM) 2.12. 99.0 6.7 98 0.148
HMBA (5 mM) and
dexamethasone (1 AM) 2.04 3.0 1.1 28 0.027

* Cell density, benzidine reactive cells, and hemoglobin were determined after 120 hr of culture.
t Commitment assays were performed after 60 hr of culture. Results are % benzidine-reactive colonies.
t a-Globin mRNA was assayed in cells-after 65 hr of cultureplus 2 hr.of culture with [3H]uridine (50 ttCi/
2 x 106 cells per ml). Results are % of total cytoplasmic {3H]RNA.
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FIG. 1. Effect of dexamethasone on HMBA-mediated commitment
of MEWC to terminal erythroid differentiation. MEWC were cultured
in liquid suspension medium with 4 mM HMBA and, at the times in-
dicated, aliquots were removed and transferred to 1.8% methylcellu-
lose cloning medium without (a) or with (X 4 ttM dexamethasone. In
parallel experiments, MEWC were cultured in liquid suspension me-
dium with 4 mM HMBA and 1 ,uM dexamethasone and, at the times
indicated, aliquots, were removed and transferred to 1.8% methylcel-
lulose cloning medium without (o) or with (X) 4 ,uM dexamethasone.
Commitment is expressed as % benzidine-reactive colonies.

committed cells paralleled but lagged behind that of cells cul-
tured continuously with HMBA.

These findings are consistent with the interpretation that:
(i) there are initial inducer-mediated changes leading to com-
mitment which can persist for more than one cell cycle without
expression of the manifestations of commitment, such as ter-
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FIG. 2. Effect of interrupted exposure ofMEBA to HMBA on com-
mitment.MErfwere cultured with 5 mM HMBA for 12 hr. and then
the culture was interrupted by a period of 12 hr (A), 24 hr (B), or 36
hr (C) in which culture was with either no HMBA(liq) or 5 mM HMBA
and 1 kLM dexamethasone a.After the period of interruption, in each
case the cells were returned to fresh medium containing HMBA alone.
Commitment assays were performed at each time point indicated. As
controls, c s t ontinuously without interruption, either
without (o) or with HMBA(n ) and assayed for commitment.
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FIG. 3. Effect of interrupted exposure of MELC to HMBA on com-
mitment. MELC were cultured with 5 mM HMBA for 12 hr and then
the culture was interrupted for 48 hr by transfer to fresh medium with-
out inducer (a; Left) or with HMBA and dexamethasone (i; Right) for
48 hr. The cells were then transferred to fresh medium either with
(-) or without HMBA (----). As controls, MELW were cultured con-
tinuously with HMBA (a-.) or without HMBA (o-o). As ad-
ditional controls, (data not shown), cells were cultured continuously
with or without HMBA and were subjected to washing and resuspen-
sion at 12 hr and at 60 hr; the kinetics of commitment were not affected
by these manipulations.

minal cell division or hemoglobin accumulation; (ii) later in-
ducer-mediated effects, involving expression of terminal cell
division and hemoglobin accumulation, are reversibly sup-
pressed by dexamethasone; and (iii) an early step in the com-
mitment process appears to be rate limiting.

Effect of Hemin on Dexamethasone-Suppressed Globin
mRNA Accumulation and Terminal Cell Division. Addition of
hemin to MELC cultures induces an increased rate of accu-
mulation ofnewly synthesized a- and ,B3globin mRNA but does
not initiate terminal cell division (17, 31). In the present ex-
periments, MELC were cultured with HMBA, with HMBA and
dexamethasone, with HMBA, dexamethasone, and hemin, and
with hemin alone. Addition of hemin to cultures with inducer
and steroid was associated with accumulation of newly synthe-
sized a-globin mRNA to about the same level as observed in
cells cultured with HMBA alone (Table 2). Addition of hemin
did not affect dexamethasone-mediated inhibition of HMBA-
induced commitment to terminal cell division.

Changes in Chromatin Protein Associated with HMBA-Me-
diatedMELC Commitment. Eisen and coworkers (29) reported
a chromatin-associated protein, IP25, which appears early dur-
ing induced differentiation in vitro. They suggested that this
protein plays a role in the control of proliferation and differ-
entiation of MELC, as well as other cell types (29, 32). IP25
appears to be identical to the chromatin protein, Hlo, described
earlier by Panyim and Chalkley (33). To examine the relation-
ship between the accumulation of IP25 and inducer-mediated

Cell Biology: Chen et al.
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Table 2. Effect of hemin on cultures in which dexamethasone
has suppressed HMBA-mediated MELC differentiation

Commit-
Cell density,* ment,t a-Globin

Addition no. x 10-6/ml % [3H]mRNA,t %
None 1.82 1 0.007
HMBA (5 mM) 2.12 94 0.038
HMBA (5 mM)
and dexameth-
asone (1 AuM) 2.04 21 0.016

HMBA and dexa-
methasone and
hemin (0.1 M) 1.78 12 0.034

Hemin (0.1 M) 2.00 3 0.036
* Assayed at 120 hr after initiation of culture.
t Assayed at 72 hr after initiation of culture.
t Assayed after 25 hr of incubation and then 2 hr of culture with
[3H]uridine (50 kiCi/2 x 106 cells per ml). Results are shown as % of
total cytoplasmic [3H]RNA.

commitment of MELC, the following experiments were
performed.
MELC were cultured with 5 mM HMBA, with 5 mM HMBA

and 1 tLM dexamethasone, with 5 mM HMBA, 1 /iM dexa-
methasone, and 0.1 mM hemin, or with 0.1 M hemin as the only
addition. Consistent with the findings by Eisen and coworkers
(29), IP25 accumulated in cells induced with HMBA (Fig. 4).
Dexamethasone did not inhibit the accumulation of IP25, al-
though it suppressed the expression ofcommitment to terminal
cell division. Hemin, which did not induce terminal cell division
but did induce an increased rate of accumulation of newly syn-
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FIG. 4. Chromatin proteins, prepared from MELC cultured under
various conditions, were separated by electrophoresis on a sodium do-
decyl sulfate/polyacrylamide gradient gel. Lanes: 1, without addition;
2, 5 mM HMBA; 3, 5 mM HMBA and 1 AM dexamethasone; 4, 5 mM
HMBA, 1 ,M dexamethasone, and 0.1 M hemin; 5, 0.1 M hemin; 6, 0.1
M hemin and 5 mM HMBA; and 7, 0.1 M hemin and 1 ,uM dexameth-
asone. Gels were stained with Coomassie brilliant blue.

thesized globin mRNA, did not induce accumulation of IP25. In
cultures with HMBA, dexamethasone, and hemin, IP5 accu-
mulated although the cells were not committed to terminal cell
division. These studies suggest that IP25 may reflect an inducer-
mediated change in chromatin protein, but the accumulation
of IP25 is not, in itself, sufficient for expression of commitment
to terminal erythroid cell differentiation.

DISCUSSION
These studies provide evidence that HMBA-mediated MELC
commitment to terminal erythroid cell differentiation is a mul-
tistep process. The evidence includes: (i) the observation that
some inducer-mediated changes early in the process of com-
mitment are not suppressible by dexamethasone, whereas later
steps, involving initiation of terminal cell division and globin
mRNA synthesis, are sensitive to this steroid; (ii) the rate-lim-
iting step in commitment appears to be in the early stage of the
process; (iii) later steps in the expression of commitment occur
relatively rapidly; and (iv) MELC can retain a memory for prior
exposure to HMBA which can persist, without expression of
terminal cell division or ofthe globin genes, for up to 24 hr. The
molecular basis of this memory is unknown, but this inducer-
mediated change is associated with an early stage of the com-
mitment process and can persist through more than one cell
cycle, because the generation time for MELC is 11-12 hr (17).

In earlier studies, the tumor promotor TPA, another potent
inhibitor of inducer-mediated MELC differentiation (18), was
also found to suppress terminal cell division and accumulation
of newly synthesized globin mRNA and hemoglobin formation
but not the memory for inducer-mediated changes that could
lead to commitment. It would appear that a late step in the com-
mitment process is the target for the suppression of terminal
differentiation observed with both the tumor promoters, such
as TPA, and the steroid dexamethasone. These observations do
not necessarily mean that these agents act at the same molecular
site.

Studies of inducer-mediated MELC differentiation (34-39)
and a number of other differentiating cell systems (40-44), in-
cluding normal erythropoiesis (45-47), suggest that DNA syn-
thesis is required for the transition to expression of differen-
tiated characteristics. For example, we found that inducer-
mediated events during early S phase appear to be required for
the expression of a- and ,3-globin genes in MELC cultured with
HMBA (37, 38). Conkie et aL (39), working with a temperature-
sensitive variant of MELC, found that, under conditions non-
permissive for cell division, MELC could not be induced to
erythroid differentiation. On the other hand, it has been sug-
gested that inducer-mediated MELC commitment is unaf-
fected by inhibition of DNA synthesis (48, 49). These studies
are difficult to interpret, owing to the fact that cells were either
cultured in the presence ofinducer for a protracted period prior
to addition of inhibitor or that the inhibitor used, such as hy-
droxyurea, does not completely block DNA synthesis and does
itself induce MELC differentiation (2).
The evidence for a requirement for DNA synthesis for in-

ducer-mediated commitment of MELC may reflect the need
to restructure chromatin during commitment. The present
study confirms (29, 31, 32) that inducer-mediated MELC com-
mitment is associated with a change in the accumulation of IP25.
The accumulation of this chromatin protein, however, is not
sufficient for inducer-mediated expression ofterminal erythroid
cell differentiation. The possibility that inducer-mediated re-
structuring of chromatin configuration may be one step in the
commitment process requires further investigation.

474 Cell Biology: Chen et aL



Proc. Natl. Acad. Sci. USA 79 (1982) 475

These studies were supported, in part, by grants from the National
Cancer Institute (CA-13696, CA-18314, and CA-08748) and from the
American Cancer Society (CH-68A).

1. Friend, C., Scher, W., Holland, J. G. & Sato, T. (1971) Proc.
Nati Acad. Sci. USA 68, 378-382.

2. Marks, P. A. & Rifkind, R. A. (1978) Annu. Rev. Biochem. 47,
419-448.

3. Tambourin, P. & Wendling, F. (1975) Nature (London) 256,
320-322.

4. Liao, S. K. & Axelrod, A. A. (1975) nt. J. Cancer 15, 467-482.
5. Hawkins, W. D., Kost, T. A., Koury, M. J. & Krantz, S. B. (1978)

Nature (London) 276, 506-508.
6. Till, J. E., McCulloch, E. A. & Siminovitch, L. (1964) Proc. Natl.

Acad. Sci. USA 51, 29-36.
7. Gusella, J., Geller, R., Clarke, B., Weeks, V. & Housman, D.

(1976) Cell 9, 221-229.
8. Fibach, E., Reuben, R. C., Rifkind, R. A. & Marks, P. A. (1977)

Cancer Res. 37, 440-444.
9. Reuben, R. C., Wife, R. L., Breslow, R., Rifkind, R. A. &

Marks, P. A. (1976) Proc. Nati Acad. Sci. USA 73, 862466.
10. Ross, J., Ikawa, Y. & Leder, P. (1972) Proc. Natl Acad. Sci. USA

69, 3620-3623.
11. Ohta, Y., Tanaka, M., Terada, M., Miller, 0. J., Bank, A.,

Marks, P. A. & Rifkind, R. A. (1976) Proc. Natl Acad. Sci. USA
73, 1232-1236.

12. Boyer, S. H., Wuu, K. D., Noyes, A. M., Young, R., Scher, W.,
Friend, C., Preisler, H. & Bank, A. (1972) Blood 40, 823-835.

13. Ostertag, W., Melderis, H., Steinheider, G., Kluge, N. & Dube,
S. (1972) Nature (London) New Biol 239, 231-234.

14. Sassa, S. (1976)J. Exp. Med. 143, 305-315.
15. Eisen, H., Nasi, S., Georopulos, C. P., Arndt-Jovin, D. & Os-

tertag, W. (1977) Cell 10, 689-695.
16. Nudel, U., Salmon, J., Fibach, E., Terada, M., Rifkind, R. A.,

Marks, P. A. & Bank, A. (1977) Cell 12, 463-469.
17. Marks, P. A., Rifkind, R. A., Bank, A., Terada, M., Gambari,

R., Fibach, E., Maniatis, G. & Reuben, R. C. (1979) in Cellular
and Molecular Regulation of Hemoglobin Switching, eds. Sta-
matoyannopoulos, G. & Nienhuis, A. W. (Grune & Stratton,
New York), pp. 437-455.

18. Fibach, E., Gambari, R., Shaw, P. A., Maniatis, G., Reuben, R.
C., Sassa, S., Rifkind, R. A. & Marks, P. A. (1979) Proc. Natl.
Acad. Sci. USA 76, 1906-1910.

19. Levenson, R. & Housman, D. (1979) Cell 17, 485-490.
20. McClintock, P. R., Rabek, J. P. & Papaconstantinou, J. (1977)J.

Cell Biol 75, 351a.
21. Lo, S. C., Aft, R., Ross, J. & Mueller, G. C. (1978) Cell 15,

447-453.
22. Scher, W., Tsuei, D., Sassa, S., Price, P., Gabelman, N. &

Friend, C. (1978) Proc. Natl Acad. Sci. USA 75, 3851-3855.

23. Tsiftsoglou, A. S., Gusella, J. F., Volloch, V. & Housman, D. E.
(1979) Cancer Res. 39, 3849-3855.

24. Mierendorf, R. C., Jr., & Mueller, G. C. (1981) J. Biol. Chem.
256, 6736-6741.

25. Fibach, E., Yamasaki, H., Weinstein, I. B., Marks, P. A. & Rif-
kind, R. A. (1978) Cancer Res. 38, 3685-3688.

26. Gambari, R., Rifkind, R. A. & Marks, P. A. (1979) Blood 54,
933-939.

27. Bastos, R. N. & Aviv, H. (1977) Cell 11, 641-650.
28. Rougeon, F. & Mach, B. (1977) Gene 1, 229-239.
29. Keppel, F., Allet, B. & Eisen, H. (1977) Proc. Natl Acad. Sci.

USA 74, 653-656.
30. Marks, P. A., Rifkind, R. A., Epner, E., Chen, Z. X. & Banks,

J. (1982) Curr. Top. Cell Regul, in press.
31. Gusella, J. F., Weil, S. C., Tsiftsoglou, A. S., Volloch, V., Neu-

mann, J. R. & Keys, C. (1980) Blood 56, 481-487.
32. Eisen, H., Hasthorpe, S., Gjerset, R., Nasi, S. & Keppel, F.

(1980) in In Vivo and In Vitro Erythropoiesis: The Friend System,
ed. Rossi, G. B. (Elsevier/North-Holland, New York), pp.
289-296.

33. Panyim, S. & Chalkley, R. (1969) Biochem. Biophys. Res. Com-
mun. 37, 1042-1049.

34. McClintock, P. R. & Papaconstantinou, J. (1974) Proc. Nati Acad.
Sci. USA 71, 4551-4555.

35. Levy, J., Terada, M., Rifkind, R. A. & Marks, P. A. (1975) Proc.
Natl Acad. Sci. USA 72, 28-32.

36. Harrison, P. R. (1977) in International Review ofBiochemistry of
Cell Differentiation II, ed. Paul, J. (University Park Press, Bal-
timore, MD), Vol. 15, pp. 227-267.

37. Gambari, R., Terada, M., Bank, A., Rifkind, R. A. & Marks, P.
A. (1978) Proc. Nati Acad. Sci. USA 75, 3801-3804.

38. Gambari, R., Marks, P. A. & Rifkind, R. A. (1979) Proc. Natl
Acad. Sci. USA 76, 4511-4515.

39. Conkie, D., Harrison, P. R. & Paul, J. (1981) Proc. Natl. Acad.
Sci. USA 78, 3644-3648.

40. Rutter, W. J., Pictet, R. L. & Morris, P. W. (1973) Annu. Rev.
Biochem. 42, 601-646.

41. Pardue, M. L. & Gall, J. G. (1970) Science 168, 1356-1358.
42. Chang, H. L. & Baserga, R. (1977) J. CelL Physiol 92, 333-344.
43. Lough, J. & Bischnoff, R. (1976) Dev. Biol 50, 457-475.
44. Kasupski, G. J. & Mukherjee, B. B. (1977) Exp. Cell Res. 106,

327-338.
45. Holtzer, H., Weintraub, H., Mayne, R. & Mochan, B. (1972)

Curr. Top. Dev. Biol. 7, 229-256.
46. Rifkind, R. A., Marks, P. A., Bank, A., Terada, M., Reuben, R.

C., Maniatis, G. M., Fibach, E., Nudel, U., Salmon, J. E. &
Gazitt, Y. (1978) In Vitro 14, 155-161.

47. Groudine, M. & Weintraub, H. (1981) Cell 24, 393-401.
48. Leder, A., Orkin, S. & Leder, P. (1975) Science 190, 893-894.
49. Levenson, R., Kernen, J., Mitrani, A. & Housman, D. (1980)

Dev. Biol. 74, 224-230.

Cell Biology: Chen et al.


