
(CANCER RESEARCH 51. 1668-1673. March 15. 1991|

Temporal Mapping of the Differentiation Pathway of the Murine Erythroleukemia
Cell1

Kaney Ebisuzaki,2 William L. Casley, Angela Griffiths, and Linda Wheaton
Departments of Microbiology' and Immunology Â¡K.E., A. G., L. W.] and Biochemistry [K. E., H'. L. C./, The f 'nirersily of Western Ontario, London. Ontario, \6.4 SCI,

Canada

ABSTRACT

These studies are concerned with "mapping" the temporal order of the
precommitment events in the differentiation pathway of the P'riend eryth-

roleukemia cell. We have used a single-block procedure in which a
differentiation-specific inhibitor of a temperature-sensitive (ts) differen
tiation-defective mutation was used to block the differentiation program.
Later, the block was removed, differentiation was allowed to proceed,
and the time required to reach a reference marker was monitored. These
studies have indicated that the mutations tsC2GPl and tsBSA, the
poly(ADP-ribose) polymerase inhibitor 3-aminobenzamide, and the glu-
cocorticoid hormone dexamethasone blocked functions which are required
just prior to commitment. We have also used a double-block procedure
involving two consecutive restrictive conditions, which suggests that the
3-aminobenzamide- and tsC2GPI-blocked functions constitute a part of
a sequentially ordered pathway leading to terminal differentiation. The
convergence of the 3-aminobcnzamide, dexamethasone. and ts mutational
blocks just prior to commitment suggests that the blocked functions may
be part of a major control mechanism for commitment.

In these studies, we have introduced a cytochalasin B-based assay to
monitor commitment. The use of cytochalasin B permits a direct assay
for commitment and obviates the need for colony-forming assays using
semisolid medium, which have inherent problems such as efficiency of
plating.

INTRODUCTION

The PEL3 cell is a retrovirus-transformed cell blocked in the

pathway of terminal differentiation. These transformed cells
may be induced to differentiate following treatment with a
variety of chemical or physical agents ( 1). The cellular responses
to these inducing agents include changes in the transcription of
the c-fos, c-myb, and c-myc protooncogenes, the synthesis of
histone HI", spectrin, and surface antigens, alterations in cal

cium flux and cAMP metabolism, and other changes (for re
views, see Refs. 2-4). During the early phase of differentiation,
the removal of the inducing agent results in the arrest of the
differentiation program and a reversion to the uninduced state.
At a later stage, the induced cell becomes irreversibly destined
to terminal differentiation. Here, we will refer to the point in
time when the inducer is no longer required for the expression
of the differentiated state as the "commitment point." This

distinction is made since commitment has been considered a
process which is acquired gradually in a series of steps (5),
whereas the transition to an irreversibly committed state ap
pears to be a sharply defined time point, as shown in these
studies. The postcommitment events include the formation
of hemoglobin, cessation of DNA replication, and cell death
(2-4).
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We have charted a part of the differentiation pathway of the
PEL cell, using ts differentiation-defective mutants and differ
entiation-specific inhibitors which characterize the differentia
tion program. The ts mutants grow normally at both restrictive
(39Â°C)and permissive (34Â°C) temperatures but are ts for

DMSO-induced differentiation/ The poly(ADP-ribose) polym
erase inhibitor 3AB and the glucocorticoid hormone DEX were
both previously shown to inhibit PEL cell differentiation, with
minimal effects on cell growth (5-9). Our studies with the ts
mutants and inhibitors have indicated that there is a conver
gence of critical events (functions) at the commitment point
and that the 3AB- and tsC2GPl-blocked functions appear to
be arranged in a linear pathway leading to hemoglobin
accumulation.

MATERIALS AND METHODS

Chemicals. DMSO was obtained from Fisher Scientific (NJ). 3AB
was purchased from Pfaltz and Bauer (Waterbury, CT). DEX. which
was dissolved in 95% ethanol as a 1 HIMstock solution and kept at
4Â°C,and benzidine dihydrochloride were obtained from Sigma Chem

ical Co. (St. Louis, MO). Cytochalasin B. which was obtained from
Aldrich Chemical Co. (Milwaukee, Wl), was dissolved in 95% ethanol
as a stock solution (0.2 mg/ml) and stored at -20Â°C. Iscove's modified
Dulbecco's medium (Iscove's medium), penicillin, and streptomycin

were obtained from GIBCO (Burlington. Ontario, Canada). Fetal bo
vine serum from Bocknek was purchased from BDH (Toronto. Ontario,
Canada). Bacto-agar was obtained from Difco Laboratories (Detroit,
MI).

Cell Culture. FEL cells were cultured in Iscove's medium containing

10% FBS, penicillin (100 units/ml), and streptomycin (100 Mg/ml).
The ts differentiation-defective mutants were isolated following over
night treatment of FEL cells (745A) with A'-methyl-A"-nitro-.\'-nitro-
soguanidine (0.1 Mg/ml; Sigma Chemical Co.) and growth at 34Â°C.

These cells were subsequently treated with repeated ( 12 or more) cycles
of exposure to inducing agent at 39Â°Cfor 30 h. followed by growth at
34Â°Cfor 72 h in the absence of inducing agent. The inducing agents

used for tsC2GPl and tsBSA were 1.5% DMSO and 5 HIMhypoxan-
thine, respectively. Clones were isolated at 34Â°Cusing the soft agar

method (9) and tested for the formation of benzidine-positive cells at
39Â°Cand 34Â°C.The ts clones were reisolated using the same method.

The ts mutants used in these experiments have slightly decreased
growth rates, compared to the parental 745A strain, at both 34Â°Cand
39Â°C.The ts phenotype refers only to the differentiation properties.

When these mutants were cloned in soft agar in the presence of 1.5%
DMSO at 39Â°C,they formed large colonies, indicating that they were

blocked prior to the nonproliferative stage of differentiation (10).
Mutant and "wild-type" cell lines were maintained at 34Â°Cand 37Â°C,

respectively, in a humidified atmosphere with 5% CO2. The wild-type
strain reported in all of the experiments was clone K derived from
strain 745A. Clone K was selected on the basis of its high induction
(>95%) with 1.5% DMSO and its relative stability on extended incu
bation with DMSO.

Induction of Differentiation. The general protocol for induction in
volved early logarithmic phase FEL cells, which were suspended in
Iscove's medium at a concentration of 1 x 105/ml and induced with

1.5% DMSO under various conditions. In experiments involving

4 \V. Caslcy. L. Wheaton, and K. Ebisuzaki, unpublished results.
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FRIEND CELI. DIFFERENTIATION PATHWAY

changes in the medium (such as changes from a DMSO-containing to
DMSO-free medium), the cells were centrifuged, washed with Iscove's
medium, and suspended at a concentration of 5 x 10s/ml for the second
treatment. The presence of benzidine-positive cells was assayed at times

specified with each experiment.
In experiments involved in testing the effect of cytochalasin B on

differentiation, cells (1 x 105/ml) were incubated with 1.5% DMSO

and varying concentrations of cytochalasin B for different intervals of
time and were assayed for the formation of benzidine-positive cells, cell

numbers, and cytotoxicity. Cytochalasin B was also tested for its effect
on maturation of benzidine-positive cells by first incubation of cells
with DMSO for 56 h, followed by a second incubation in DMSO-free
medium containing cytochalasin B (0.75 jig/ml), for various intervals
of time, and assays for benzidine-positive cells, cell numbers, and
cytotoxicity. In the single-block experiments, the cells (I x lO'/ml)

were initially grown in the presence of 1.5% DMSO and 3AB (10 mivi)
or 1.5% DMSO and DEX (1.0 MM)for 56 h. The second-stage incu
bation involved treatment of cells (5 x 105/ml) with DMSO alone for
various intervals of time, followed by incubation in DMSO-free medium
in the presence of cytochalasin B for maturation. The presence of
benzidine-positive cells was assayed at 104 h (total incubation period).
In the single-block experiment for ts mutant cells, the initial incubation
was performed in the presence or absence of 1.5% DMSO at 39Â°Cfor
56 h. The second incubation was carried out at 34Â°Cand otherwise

treated similarly to the single-block experiments involving 3AB and
DEX. The double-block experiments involved basically two separate
experiments. In the first experiment, mutant tsC2GPl was initially
incubated in the presence of 1.5% DMSO at 39Â°Cfor 55 h. The cells

were subsequently incubated in the presence of DMSO. 3AB (10 m\i),
and cytochalasin B (0.75 Mg/mO at 34Â°Cfor 55 h and assayed for the

presence of benzidine-positive cells. The second experiment in the
double-block procedure involved a reverse order for the blocks. The
initial incubation was at 34Â°Cwith 1.5% DMSO and 3AB (10 mM) for

67 h, followed by a second incubation with DMSO and cytochalasin B
(0.75 Mg/ml) at 39Â°Cfor40 h. The rationale for the choice of incubation
times is described in "Results."

Benzidine Staining for Hemoglobin. The cells were stained for he
moglobin using the benzidine staining procedure, as described by Go-

palakrishnan and French Anderson (11), usually 96 h after start of the
experiment.

Viability Tests. The cells were centrifuged. stained with trypan blue
(0.04% in phosphate-buffered saline), and counted microscopically ( 12).

Soft Agar Assay. This procedure was similar to one previously-

described (9), except that a double agar layer was used. The lower layer
contained Iscove's medium with 10% FBS and 0.3% agar. and the
upper layer contained Iscove's medium with 20% FBS and 0.3% agar:

cells were added after the lower layer had solidified. The colonies were
stained with benzidine after 4 days of culture.

RESULTS

Commitment Assays. Commitment has been assayed by plat
ing induced cells in soft agar. methylcellulose, or plasma clots,
in the absence of inducer (8-10, 13, 14). These methods are
informative, in that they permit the scrutiny of the resulting
colonies, but they require a high efficiency of plating and are
time consuming. Cytochalasin B, which was previously shown
to block cytokinesis with minimal effects on differentiation of
PEL cells (15, 16). was used here as an alternative method to
assay for committed cells.

The following experiments were performed to test the effect
of cytochalasin B on differentiation, cell division, and viability.
When PEL cells were induced with 1.5% DMSO in the presence
of varying concentrations (0.75, 1.0, and 1.25 /ig/ml) of cyto
chalasin B, there was little or no effect on differentiation, as
measured at 48 and 60 h after DMSO addition (Fig. \A). There
were <0.2% benzidine-positive cells at 0, 24, and 36 h. Under
these experimental conditions, cell numbers remained relatively
constant (Fig. IÃŸ),and cytotoxicity, as measured by trypan
blue staining, indicated >90% viability at 48 and 60 h (data not
shown). Since cytotoxicity increased with longer exposure time
and higher cytochalasin B concentrations, usually the exposure
time was 48 h or less and the cytochalasin B concentration was
0.75 Mg/ml. The cytochalasin B concentrations used did not
induce differentiation or enucleation (data not shown).

In the cytochalasin B-based commitment assay, typically cells
were induced with DMSO for varying periods, centrifuged,
washed with Iscove's medium, incubated in the presence of

cytochalasin B (0.75 Mg/ml) and in the absence of DMSO, and
subsequently assayed for benzidine-positive cells. In order to
determine the time required for committed cells to express the
differentiated phenotype (maturation), PEL cells were induced
with DMSO for 56 h, incubated in DMSO-free medium in the
presence or absence of cytochalasin B for varying periods of
time, and assayed for benzidine-positive cells. At 56 h, there
were approximately 9% benzidine-positive cells. The benzidine-
positive cells increased to 50-60% within 12 h (68-h total
incubation time) and remained at this level for 48 h (104-h total
incubation time) (Fig. 2A). Also, the cell numbers were approx
imately constant over this period of exposure to cytochalasin B
(Fig. IB). In contrast, when cytochalasin B was left out, the
percentage of benzidine-positive cells increased to 50-60%
following 12 h of incubation in the absence of DMSO, but after
20 h the percentage of benzidine-positive cells decreased be-

Fig. 1. Effect of cytochalasin B on cell di
vision and differentiation of DMSO-induced
cells. PEL cells (I x ]0'/tnl) were treated
simultaneously with 1.5rc DMSO and differ

ent concentrations of cytochalasin B and were
assayed for benzidine-positive cells (A ) and cell
density (B) at subsequent time points. The
percentage of benzidine-positive cells at 0 time
was <0.l%. A, no cytochalasin B: A. 0.75; D,
1.0; and O. 1.25 ng/ml cytochalasin B. Each
time point represents the mean of three exper
iments. In this and all subsequent experiments,
error bars represent the standard deviation.
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FRIEND CELL DIFFERENTIATION PATHWAY

Fig. 2. Maturation of benzidine-positive
cells. PEL cells (I x 105/ml) Â»ere incubated
with 1.5% DMSO for 56 h. This was followed
by incubation in DMSO-free medium with or
without cytochalasin B and assay for benzidine-
positive cells (.4) and cell density (fi) at various
times. D. without cytochalasin B: O. with cyto
chalasin B.
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cause of the continued replication of uninduced cells and the
limited replication of committed cells. Cytotoxicity tests indi
cated ~98% viable cells in the presence of cytochalasin B and
~99% viable cells in the absence of cytochalasin B after 48 h
of exposure. Since the total number of benzidine-positive cells
in the absence of cytochalasin B was 2.2 times the number of
committed cells in the presence of cytochalasin B, it appears
that each committed cell yielded, on average, 2.2 benzidine-
positive cells. These results indicate that the addition of cyto
chalasin B to the medium provides a means of estimating the
number of committed cells without complications introduced
by cell replication. The estimate of benzidine-positive cells
could be made 12-48 h after the addition of cytochalasin B,
since the number and percentage of benzidine-positive cells
remain approximately constant over this period.

Another means of assessing the cytochalasin B-based assay
is to compare this assay with the previously used soft agar assay
(9). During the early period following the induction with
DMSO, the soft agar assay shows significantly increased num
bers of "benzidine-positive" colonies, compared to the benzi

dine-positive cells in the cytochalasin B-based assay (Fig. 3).
We noted that, at 28 h (following DMSO addition), almost
90% of the "benzidine-positive" colonies were composed of
both benzidine-positive and -negative cells ("mixed") colonies.
Both "mixed"1 and completely benzidine-positive ("pure") col

onies were counted as benzidine-positive. Generally these mixed
colonies were larger than the pure benzidine-positive colonies.
However, the proportion of mixed to pure colonies decreased
by 46 h, and commitment measured by the soft agar method
was similar to the cytochalasin B-based assay. At subsequent
times, both assay methods gave similar results and it should be
noted that in the following experiments only these later times
are involved. The predominance of mixed colonies during the
early period following the addition of the inducing agent has
been previously noted (17), but it is not known whether com
mitment in these mixed colonies occurred at the time of transfer
to the semisolid medium or at a later time. The kinetics for the
formation of committed cells, as measured by the cytochalasin
B assay, preceded the appearance of benzidine-positive cells by
approximately 12-15 h. These data confirm the finding (Fig.
2) which showed that maturation of the benzidine-positive cells
required 12 h in the presence of cytochalasin B. The time
required to reach ~50% commitment by the cytochalasin B
assay was approximately 56-62 h at 37Â°C.
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Fig. 3. Comparison of the soft agar and cytochalasin B assays for commitment.
Cells (1 x lO'/ml) were induced with 1.5% DMSO at 37'C and at the indicated

times were removed and plated in the absence of DMSO in soft agar (O) or in
medium containing cytochalasin B (D). The cells were stained with ben/idine and
counted after 4 days in soft agar. In the cytochalasin B assay, the cells were
stained after a total incubation period of 96 h. The appearance of benzidine-
positive cells in a culture continuously treated with DMSO and assayed at various
time points is indicated (A).

Single-block Experiments to Determine the Temporal Order
of Events (Functions). In the single-block method, the cells were
induced under restrictive conditions and released from the
block, and the time required to reach a specific reference marker
in the differentiation pathway was determined. The time at
which a blocked event (or function) is normally being consum
mated is indicated by the time required to reach the reference
marker (commitment point) after the removal of the block. FEL
cells were induced with 1.5% DMSO in the presence of the
inhibitor 3AB (10 HIM) or DEX (1.0 HIM) for 56 h. The cells
were then centrifuged, washed with Iscove's medium containing

10% FBS, and then incubated in medium containing 1.5%
DMSO for various time periods. These cells were subsequently
incubated in medium containing cytochalasin B (0.75 Â¿ig/ml),
to allow expression of the differentiated phenotype, and assayed
for benzidine-positive cells after a 104-h experimental period.
Application of this method for the 3AB- and DEX-blocked
functions indicated that, within 1 h (the earliest time point
examined) after removal of the blocks, there were increased
numbers of committed cells (Fig. 4). In short, 3AB- and DEX-
blocked functions operate almost coincidentally with commit-
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Fig. 4. Single-block experiment using DEX or 3AB. Cells (I X 105/ml) were
induced with l.S'i DMSO in medium containing DEX (D) or 3AB (O). At 56 h.
the cells (5 x 105/ml) were centrifuged. incubated in medium containing DMSO.
removed at various times, and further incubated in DMSO-free medium contain
ing cytochalasin B. Samples were assayed at 104 h for benzidine-positive cells
[except the 48 (total I04)-h sample, which was assayed 24 h later]. In the control,
the same cells Â»ereincubated in DEX- (â€¢)or 3AB- (â€¢)containing medium in
the absence of DMSO for 56 h and otherwise treated as above. For the control,
between 0 and 12 h after removal of inhibitor, the percentage of benzidine-positive
cells was<0.1%.

ment, and the kinetics for the appearance of committed cells
after the removal of the 3AB or DEX blocks were almost
identical. As a control, PEL cells were incubated in 3AB- or
DEX-containing medium (without DMSO) for 56 h and sub
sequently incubated in the presence of DMSO, as in the other
examples. These experiments show that 3AB or DEX treatment
itself does not change the cellular response to DMSO and that
3AB or DEX together with DMSO permitted the early steps
of the DMSO-induced differentiation program. Similar exper
iments were performed with two mutants, tsC2GPl and tsBSA.
Here, the general experimental protocol was similar to that
described above, except that the initial incubation in the pres
ence or absence (control) of DMSO was carried out for 56 h at
39Â°C(without inhibitor). The subsequent steps were similar to

the previous experiment, except that the incubations were car
ried out at 34Â°C.We noted that by 2.5-5 h after the down-shift
from the restrictive (39Â°C)temperature to the permissive (34Â°C)

temperature, there was an increased percentage of committed
cells (Fig. 5). The control shows that, in the absence of DMSO,
there was a long delay in the appearance of committed cells,
indicating that many of the precommitment events occurred in
the presence of the ts block. This observation indirectly supports
the argument that the ts block is temporally located close to
the commitment point. These experiments indicate that the
functions controlled by these inhibitors and two ts mutations
appear to temporally converge near the commitment point. The
experiments involving the ts mutants and 3AB and DEX blocks
are not strictly comparable, because (a) the reversal of the ts
block might require protein synthesis, (b) the "ts reversal" is
carried out at 34Â°C,not 37Â°C,and (c) the ts defect is only
partially corrected at 34Â°C(see below, Table 1). In contrast, the

3AB- and DEX-induced blocks are easily reversed (Fig. 4).
Double-block Experiments to Determine the Temporal Order

of Events (Functions). If the differentiation pathway of the FEL
cells is a linear pathway, where each successive event is deter
mined by a preceding event, then the temporal order of the
events can be established by using two consecutive blocks and

0 6 12 18 24 30 36 42 48
TIMEAFTERREMOVALFROM39Â°C(h)

Fig. 5. Single-block experiment using ts mutants. The experimental conditions
were similar to those described in Fig. 4. except that the initial incubation was
carried out with tsC2GPI (triangles) and tsBSA (squares) cells at 39Â°Cin the

presence (open symbols) or absence (closed symbols) of DMSO for 56 h. Subse
quently, the cells were transferred to DMSO-containing medium at 34Â°C.removed
at various times, and incubated in DMSO-free medium containing cytochalasin
B. The cells were stained with benzidine after a total incubation period of 104 h
[except the 48 (total 104)-h sample, which was assayed 24 h later]. For the
controls, between 0 and 18 h (after removal from the ts block), the percentage of
benzidine-positive cells was <0.1%.

the commitment point or hemoglobin formation as a reference
marker. In the first experiment, tsC2GPl cells were induced
with DMSO in the presence of 3AB at 34Â°Cand subsequently

transferred to DMSO-containing medium and incubated at
39Â°C.In the second experiment, the order of the blocks was
reversed. The cells were initially induced at 39Â°Cand were

subsequently transferred to a medium containing DMSO and
3AB and incubated at 34Â°C.In both experiments, cytochalasin

B was included in the second incubation to prevent cell multi
plication (see "Materials and Methods" for details). The ration

ale used for the choice of incubation times was based on the
following experiments. The initial incubation times were chosen
so that the 39Â°Cand 34Â°Ctreatments were physiologically

equivalent. We noted that, when wild-type cells were induced
with DMSO, the time required for ~50% of the cells to be
committed was 67 and 55 h at 34Â°Cand 39Â°C,respectively

(data not shown). The second incubation times were selected
by monitoring the time required for the numbers and percent
ages of benzidine-positive cells to stabilize. When the first
incubation was extended so that a greater number of cells would
be committed, we found that the cells showed a reduced capacity
to differentiate. When the second incubation period was pro
longed, the cells were prone to lysis (data not shown). While
the choice of these incubation times may appear arbitrary in
part, the experiment has a sufficient number of controls which
indicate the cellular capacity to respond during each incubation
period (Table 1). When the order of the blocks was 3AB
followed by the restrictive temperature (39Â°C),differentiation

was blocked (Table 1, Al), but where the order was reversed,
with the restrictive temperature first followed by 3AB, differ
entiation occurred (Table 1, Bl). These results suggest that the
3AB-blocked function precedes the tsC2GPl-blocked function.
The sequential order of the functions deduced by comparing
the reciprocal arrangement of blocks (Table 1, Al and Bl) is
corroborated by the additional data provided in the A1-7 and
Bl-4 series. Control A3 indicates the reversibility of the 3AB
block, A4 indicates the effectiveness of two consecutive 3AB
treatments, and Al and A2 indicate that the block is maintained
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Table I fÃouhle-Mockexperiments
In A (I and 2). tsC2GPI cells (I x I0'/ml) were induced with DMSO in the

presence of MB at 34Â°C(first block) and shifted to medium with or without
DMSO at 39'C (second block). In B (I and 2) tsC2GPl cells were induced with
DMSO at 39"C (first block) and shifted to DMSO-containing medium with or
without MB at 34'C (second block). The first block was applied for 67 h at 34Â°C
or 55 h at 39'C. and the second block was applied for 40 h at 39Â°Cor 55 h at
34'C. The controls were treated in a similar way, except for special conditions as

indicated. The cells Â»erestained with ben/idine after the second block.

FirstblockA.
1. 34'C + DMSO + 3AB
2. 34'C + DMSO + 3ABSecond

block39'C
+ DMSO

39'C - DMSOBen/.idine

positive(%)4.3

Â±0.85.0
Â±3.2

C'ontrols
3. 34'C + DMSO + 3AB

4. 34T + DMSO + 3AB
5. 34'C + DMSO
6. 34'C + DMSO
7. 34'C + DMSO

34'C + DMSO 43.3 Â±8.2
34'C + DMSO + 3AB 6.1 Â±2.8
39'C-DMSO 45.3 Â±1.7
39'C + DMSO 42.7 Â±4.5
34'C + DMSO 65.3 Â±5.3

B. 1.39'C + DMSO
2. 39'C +DMSOC'ontrols

3. 39'C + DMSO
4. 39'C + DMSO34'C

+ DMSO + 3AB
34'C +DMSO34'C

- DMSO
39'C + DMSO28.0

Â±2.4
47.3 Â±2.53.1

Â±1.0
5.7 Â±2.3

when the shift is made from 3AB to 39Â°C,suggesting that the

tsC2GPl-blocked function follows the 3AB-blocked function

or that 3AB and the tsC2GPl mutation block the same func
tion. Control A5 indicates that the differentiation occurs at
34Â°Cduring the first treatment. A6 shows the effect of the
second incubation at 39Â°Cwith DMSO, and A7 (compared

with B4) illustrates the ts phenotype. In the B1-4 series, a
comparison of Bl and B2 with B4 indicates the 3AB block had
little effect when 3AB was included in the second incubation,
suggesting that the 3AB-blocked function was operative during
the initial 39Â°Cincubation and that 3AB and tsC2GPl block

separate functions. This confirms the conclusion derived in the
A1-7 series that the 3AB block precedes the tsG2GPl block.
Controls B3 and B4 indicate the effectiveness of the ts blocks.

We found that the double-block procedure was difficult to
apply with the tsBSA mutant, because of the elevated cytotox-

icity resulting from the simultaneous exposure to 1.5% DMSO
and 10 m M 3AB. We have noted that some of the other ts
isolates also show altered cytotoxicity to DMSO and 3AB.

DISCUSSION

We have initiated a study of the differentiation pathway of
the PEL cell, using ts differentiation-defective mutants and
inhibitors. Previous studies have indicated that the develop
mental pathway is temporally ordered (18) but does not neces
sarily involve an obligatory sequential series of events (15, 19).
These earlier studies involved products associated with differ
entiation, such as histone HI", hemoglobin, or terminal cell

division. In the studies reported here, the functions assayed are
those required for differentiation.

We have used single-block and double-block procedures to
determine the temporal order of events in the differentiation
pathway. In the single-block method, the cells were induced
under restrictive conditions and released from the block, and
the time interval between the removal of the block and a
reference marker was determined. We found that the "timing"

of the 3AB- and DEX-blocked functions was indistinguishable
and occurred just prior to the commitment point. In previous
studies, it was shown that commitment occurred shortly after
the removal of 3AB (9) or DEX (20) from hexamethylene

bisacetamide-induced PEL cells. The ordering of events using
the single-block procedure is applicable only in cases where the

blocks are readily reversible, such as in the case of 3AB and
DEX. This method is not strictly applicable to the ts mutants
where the mode of reversion may be complex and allele-specific.
Nevertheless, these studies have indicated that the tsC2GPl
and tsB5A mutant blocks are also temporally located just prior
to commitment. One interpretation of these results could be
that these blocked functions appear to be timed just prior to
the commitment point because they represent independent or
random functions which are required to complete the commit
ment program. However, the double-block experiments suggest
that the 3AB- and tsC2GPl-blocked functions are not random

functions but are components of a linear pathway in which an
event (or function) depends on a prior event. Therefore, it
appears that these functions may be a part of a pathway which
is closely linked temporally to the commitment point and a
major control point in the differentiation program.

The double-block procedure is designed to order the sequence
of events (or functions) in the pathway. The double-block pro
cedure involves two experiments. In the first experiment, the ts
mutant is induced with DMSO at the restrictive temperature
and subsequently incubated at a permissive temperature with
3AB and DMSO. If there is a linear pathway in which the ts
function precedes the 3AB-blocked function, then differentia
tion would be inhibited, but if the 3AB-blocked function pre

cedes the ts function, then differentiation should occur. In the
second experiment, the blocks are applied in reverse order, and
the conclusions of the first experiment can be confirmed. The
double-block procedure is basically similar to a method used to
order gene-controlled steps and demonstrate dependent path

ways in the yeast cell cycle (21, 22). We have included several
additional controls so that each experiment (Table 1, A and B)
is internally controlled and can be evaluated independently.
Our interpretation of the double-block experiment is a linear
pathway with an invariant order: 3AB-blocked function â€”Â»
[tsC2GP 1-blocked function - commitment] â€”Â»hemoglobin (ben-
zidine-positive cells). The tsC2GPl function and commitment

are bracketed since these experiments do not distinguish be
tween these functions.

The studies presented here have shown that both 3AB and
DEX appear to inhibit a step(s) that is critical for commitment.
Other investigators have noted that inhibitors of poly(ADP-
ribose) polymerase and DEX inhibit ADP-ribosylation (23) and
that both inhibitors similarly affect the expression of mouse
mammary tumor virus expression (24). A common action of
the glucocorticoid hormone and poly(ADP-ribose) polymerase

inhibitor might be rationalized if the protein target of the
hormone itself were ADP-ribosylated or if the hormone inter
acted with an ADP-ribosylated protein. Attempts to distinguish
the 3AB- and DEX-blocked functions using the double-block

procedure have been unsuccessful.
In summary, these studies, involving ts mutants and inhibi

tors of the differentiation pathway of the EEL cell, have indi
cated that some of the events preceding the commitment point
are temporally arranged in a linear pathway with an invariant
order. The convergence of ts mutant and inhibitor-blocked

functions just prior to the time of commitment suggests that
the blocked functions may be part of a major regulatory control
mechanism for communient.
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