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The elucidation of the mechanism of eryth- 
roid differentiation has been greatly facili- 
tated by the availability of Friend virus-trans- 
formed erythroid cell lines that can be in- 
duced to differentiate and synthesize hemo- 
globin in vitro (1-3). Compounds that induce 
differentiation include highly polar com- 
pounds (1, 4), fatty acids (9, purines and 
their analogues (6), and certain drugs (7). 
Cell lines presently available are derived from 
or are very similar to those originally estab- 
lished by Friend (8, 9). The availability of 
cell lines with different patterns of response 
to the various inducers might facilitate the 
elucidation of the mechanism of induction. 
In addition, a study of proerythroid cell lines 
transformed by other leukemia viruses would 
help to better understand the role of viruses 
in arresting differentiation. We report some 
characteristics of two Friend and two 
Rauscher virus-transformed proerythroid cell 
lines established in our laboratory that appear 
to be suitable for comparative studies. 

Materials and methods. Chemicals. The fol- 
lowing chemicals were used: acetamide, pyr- 
idine-N-oxide (PNOx), N-methyl-2-pyrroli- 
done (NMP), dimethylformamide (DMF) 
(Aldrich Chemical Co., Inc., Milwaukee, 
WI), dimet hylsulfoxide (DMSO), N-methyl- 
formamide (NMF) (J. T. Baker Chemical 
Co., Phillipsburg, NJ), n-butyric acid, hypo- 
xanthine (Sigma Chemical Co., St. Louis, 
MO), and benzidine dihydrochloride (Mal- 
linckrodt, St. Louis, MO). 

Tissue culture. FV-BALB and FV-BDF1 
were established from Friend virus-induced 
reticulum cell sarcomas in BALB/c and 
BDFl mice, respectively (10, 11). Both of 
these cell lines have been histologically clas- 
sified as erythroid precursors (12). RV-133 
and RV- 187 were established from Rauscher 
virus-induced reticulum cell sarcomas in 
BDFl mice (12). Cells were grown in Eagle's 
minimum essential medium supplemented 
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with 10% fetal bovine serum (Flow Labora- 
tories, Inglewood, CA), nonessential amino 
acids, penicillin (50 U/ml), and streptomycin 
(50 pg/ml). Cultivation was in a humidified 
incubator at 37" in an atmosphere of 5% C02 
in air. The generation times for these cell 
lines in this medium were approximately 
12-14 hr at 37". 

Induction of dgerentiation. Induction of 
hemoglobin synthesis was essentially as de- 
scribed by Orkin et al. (13). Cells were sus- 
pended in culture medium at a concentration 
of 2 x lo3 cells/ml, and 0.1 -ml aliquots were 
added to each well of a 96-well microtiter 
plate (Costar, Cambridge, MA). Cultures 
were incubated for 24 hr at 37" at which time 
0.1 -ml aliqucts of the appropriate concentra- 
tion of inducer, diluted in culture medium, 
were added to duplicate wells. The cultures 
were incubated for five more days at 37". 
Cells remained spherical but settled on the 
bottom of the wells. Cells were assayed for 
hemoglobin by aspirating most of the me- 
dium and adding 0.1 ml of phosphate- 
buffered saline and 0.025 ml of freshly pre- 
pared benzidine reagent (0.12% H202, 0.5% 
CH3COOH, and 0.2% benzidine dihydro- 
chloride) to each well. Photographs were 
taken and the proportion of benzidine-reac- 
tive (bz+) cells were scored out of approxi- 
mately 200-500 cells counted. 

Results. The dose response of virus-trans- 
formed RV-133 to the different inducers, 
none of which were toxic at the concentra- 
tions used here, is shown in Fig. 1. Benzidine- 
reactive cells (bz+) were induced with all of 
the compounds tested. The spontaneous level 
of differentiation was 5% bz+. The highest 
levels of induction occurred with 10 mM 
NMP (59% bz+) and 140 mM DMSO (58% 
bz'). Butyric acid at 1 mM exhibited the 
lowest concentration required for induction 
of differentiation; however, the maximum 
level of differentiation with butyric acid was 
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FIG. 1. Dose response of RV-133 cells to various 
inducers. RV-133 cells were grown in the presence of the 
indicated concentrations of inducers for 5 days at 37". 
Cultures were then assayed for hemoglobin by the ben- 
zidine test. The percent of benzidine-responsive (benzi- 
dine-positive) cells was then calculated out of about 
200-500 cells counted. The inducers were butyric acid 
(+), N-methylpyrrolidone (O), hypoxanthine 0, pyri- 
dine-N-oxide 0, N-methylformamide (0), dimethyl- 
sulfoxide (A), dimethylformamide (A), and acetamide 

INDUCER CONCENTRATION (M) 

(0). 

only 28% bz+. The absolute number of bz+ 
cells did not increase at concentrations of 
inducers higher than those shown in Fig. 1. 
Cultivation in the presence of inducers for 
more than 5 days did not result in a higher 
percentage of bz+ cells. The level of induction 
of RV-133 was compared to that of Cl  745, 
the prototype Friend virus (FV)-transformed 
proerythroid cell line (data not shown). The 
spontaneous level of bz+ cells was the same 
(5%) for both RV-133 and C1 745. Cells were 
exposed for 5 days to the highest concentra- 
tion of each inducer shown in Fig. 1. All but 
two of the compounds tested (NMF, butyric 
acid) induced a much higher percentage of 
bz+ cells with Cl  745 than with RV-133. 

As shown in Fig. 2, Rauscher virus (RV)- 
transformed proerythroid cell line, RV- 187, 
also responded to the eight inducers. The 
spontaneous level of bz+ cells was 2%. The 
maximum levels of induction are lower than 
with RV- 133 except in the presence of PNOx, 
which induced a maximum of 60% bz+ cells 
with RV-187 compared to 50% bz+ cells with 
RV- 133. Concentrations of inducers higher 
than those shown in Fig. 2 were cytotoxic for 
RV- 187. The maximum noncytotoxic con- 
centrations of inducers was at least one-half 
the concentrations for RV-133 with the ex- 
ception of DMSO and NMF. Both RV-133 
and RV-187 cells were, therefore, induced to 

differentiate in the presence of all eight com- 
pounds tested, although the level of differ- 
entiation and dose-response were different 
for the two cell lines and the various inducers. 

The effects of the same inducers on two 
FV-transformed proerythroid cell lines, FV- 
BALB and FV-BDF1 are shown in Table I. 
The FV-BALB cell line had an extremely low 
level of spontaneous differentiation. The es- 
timated level was <0.05% or zero bz+ cells 
out of about 2000 cells. The data show that 
with seven inducers over the concentration 
range previously shown to be effective with 
RV-133, RV-187, and C1 745, there was no 
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FIG. 2. Dose response of RV-187 cells to various 
inducers. Cells were treated as described in the legend to 
Fig. 1. 
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TABLE I. LACK OF INDUCTION OF HEMOGLOBIN IN 
FV-BALB AND FV-BDF1 CELLS. 

_ _ _ _ _ ~ ~  

Benzidine- 
positive 

cells (%)" 
Concen- 

Inducer (mM) BALB BDFl 
tration FV- FV- 

None 
Dimethylsulfoxide 
Dimethylformamide 
N-methylformamide 
P yridine-N-oxide 
Butyric acid 
H ypoxanthine 
Acetamide 

N-meth ylpyrrolidone 

- 

8.75-280 
8.15-260 
10.5-334 
3.75- 120 

0.07 1-2.28 
0.47-15 
10.5-334 

[ ;i 
1.25-5 

~ 0 . 0 5  1 
c0.05 1 
c0.05 1 
<0.05 1 
c0.05 1 
c0.05 1 
c0.05 1 
c0.05 1 

toxic 1 
23 1 
7 1 

c0.05 1 

" Cells were exposed to inducers in the concentration 
ranges shown. After five days, the cells were treated with 
benzidine reagent and the percent of benzidine-reactive 
cells was determined. 
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response with the FV-BALB cell line. The 
concentration range of each inducer used in- 
cluded cytotoxic concentrations. Only expo- 
sure to 20 mM NMP induced hemoglobin 
synthesis in these cells. The second FV-trans- 
formed cell line, FV-BDF1, had a higher level 
of spontaneous differentiation (1% bz+ cells) 
than did FV-BALB, but it was lower than 
that for either of the RV-transformed cell 
lines or for C1 745. In contrast to all of the 
other cell lines tested none of the eight com- 
pounds tested induced hemoglobin synthesis 
in FV-BDF1. Again, the concentrations of 
compounds tested included cytotoxic levels. 

Discussion. The data presented here show 
that the RV-transformed proerythroid cell 
lines, RV- 133 and RV- 187, established in this 
laboratory are similar to the FV-transformed 
proerythroid cell line Cl 745 in that they can 
be induced to differentiate along the eryth- 
roid line. RV-133 and RV-187 are, however, 
clearly different from C1 745 in their dose- 
response to the inducers tested and in the fact 
that they were transformed by and continue 
to produce Rauscher virus (12). We have not 
yet been able to demonstrate as large a per- 
cent differentiation in RV-133 or RV-187 
cultures as occurs with C1 745 (60% vs 100% 
bz') which may merely reflect heterogeneity 
in the RV-transformed cultures. Variation in 
inducibility has been shown to exist in sub- 
clones of C1 745 (14). Since neither of the 
RV-transformed cell lines have been cloned, 
it may be possible to isolate a clone from 
them that exhibits a dose-response pattern 
similar to that for C1 745. 

It is possible that RV-133 and RV-187 
represent erythroid precursor target cells that 
are different from C1 745 cells. It is not 
known whether the two viruses share the 
same target cells in vivo (15-17). Several lines 
of evidence indicate that the Friend virus 
target cell is a late-committed erythroid stem 
cell (18, 19) whereas Rauscher virus may be 
capable of infecting uncommitted stem cells 
also (17, 20). Evidence suggesting that RV- 
133 and RV- 187 may be physiologically dif- 
ferent from C1745 has recently been reported 
(2 1). The potent tumor promoter 12-0-tetra- 
decanoylphorbol- 13-acetate was shown to in- 
duce hemoglobin synthesis in both RV-trans- 
formed cell lines but to inhibit both sponta- 
neous and DMSO-induced hemoglobin syn- 

thesis in C1745. In addition, we have recently 
found that vitamin A and other retinoids also 
have completely opposite effects on hemoglo- 
bin synthesis in RV-133 and C1 745 cells 
(manuscript in preparation). 

Previous studies were centered on Friend 
virus and Friend virus-transformed cells since 
no other virus-transformed proerythroid cell 
lines had been established. The cell lines, RV- 
133 and RV-187, are the first known RV- 
transformed proerythroid cell lines that can 
be induced to differentiate. Recently, de Both 
et al. (22) reported the establishment of an 
RV-transformed proerythroid cell line from 
DBA mice. The interesting aspect of those 
cells is that they synthesized hemoglobin 
upon exposure to erythropoietin (Epo) alone. 
FV-transformed proerythroid cells do not re- 
spond to Epo alone. The response of our cell 
lines to Epo has not yet been determined. 

The FV-BDF1 and FV-BALB cell lines are 
clearly different from the other cell lines. 
Unlike C1 745, FV-BDF1 does not produce 
any infectious Friend virus (11) but does 
produce noninfectious C-type particles (our 
unpublished data). Moreover, we have now 
shown that it is not induced to differentiate 
by exposure to any of eight known inducers 
of Cl 745. Other investigators have shown 
that subclones of highly inducible FV-trans- 
formed proerythroid cell lines can be isolated 
that show decreased levels of induction (bz+) 
in the presence of DMSO (14, 23, 24). It is 
not known whether the virus or the cell is 
responsible for the lack of induction of these 
cells. However, since it appears that induction 
of differentiation is not dependent on com- 
plete viral gene expression (24, 25), nonin- 
ducibility may be due to the physiological 
state of these cells. Studies are continuing to 
fmd a compound or combination of com- 
pounds that will induce some degree of dif- 
ferentiation in FV-BDF1 cultures. 

The FV-BALB cell line is similar to FV- 
BDFl in that it does not produce infectious 
Friend virus but does contain the retrievable 
Friend virus genome (26). In contrast to FV- 
BDFl it does not produce any C-type parti- 
cles (27). We have now shown that, like FV- 
BDF1, it does not synthesize hemoglobin 
upon exposure to several known inducers of 
C1745. However, unlike FV-BDF1, it can be 
induced to differentiate to a small degree by 
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exposure to NMP. This suggests that NMP 
may have a mechanism of action different 
from that of the other compounds tested and 
also shows that FV-BALB are in fact proer- 
ythroid cells. 

It is hoped that the characteristics of the 
FV- and RV-transformed proerythroid cells 
described here will make them useful in fu- 
ture studies on the molecular and genetic 
regulation of gene expression. 

Summary. The induction of differentiation 
in two Friend and two Rauscher virus-trans- 
formed proerythroid cell lines was studied. 
The benzidine assay for hemoglobin was used 
to determine differentiation. The Rauscher 
virus-transformed lines, RV- 133 and RV- 187, 
were induced to differentiate in the presence 
of eight known inducers, including di- 
methyl-sulfoxide, butyric acid, and N-meth- 
ylpyrrolidone. One Friend virus-transformed 
line, FV-BDF1 did not differentiate on ex- 
posure to any inducer. The second Friend 
virus-transformed line, FV-BALB, differen- 
tiated only on exposure to N-methylpyrroli- 
done. 
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