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Hexamethylene  bisacetamide (HMBA) and  other PO- 
lar/apolar chemical agents  are potent  inducers of 
erythroid  differentiation  in  murine  erythroleukemia 
cells (MELC), as well as  other  transformed cell lines. 
Although the mechanism of action of HMBA is not  yet 
known,  evidence has been  obtained  that  protein  kinase 
C (PKC) plays  a  role in  this process. In  this  study we 
provide  further evidence that establishes  this  relation- 
ship. MELC contain  two  principal PKC activities, 
PKCB and PKCa. MELC variants, selected for  resist- 
ance  to  vincristine (VC), which  display  acceleration of 
their  rates of induced  differentiation, are enriched  in 
PKCB activity. When  MELC are exposed to HMBA 
there is a  fall  in PKC activity,  largely accounted for 
by  a  decline in PKCB. This decline  in PKC activity is 
faster in the  VC-resistant,  rapidly  differentiating 
MELC. We previously  demonstrated that VC-resistant 
MELC are  resistant  to  the inhibition of differentiation 
by the phorbol ester, phorbol 12-myristate  13-acetate 
(PMA). In both VC-sensitive and  -resistant MELC, 
PMA causes rapid  membrane  translocation  and  then a 
decline  in PKC activity, accompanied by a generation 
of a  Ca2+- and phospholipid-independent  protein  kinase 
activity.  In  VC/PMA-resistant variants,  this Ca2+/ 
phospholipid-independent  protein kinase  activity  per- 
sists  considerably  longer than  in  the VC-sensitive var- 
iants.  This  correlates  with  the  resistance  to PMA and 
provides  additional  evidence  for  a  role  for  the Ca2+/ 
phospholipid-independent protein  kinase  activity  dur- 
ing induced differentiation. 

The  induction of differentiation  in MELC,’  by  exposure to 
HMBA  and  related  polar/apolar compounds (1, 2) is a mul- 
tistep process  leading, after a latent period of about 10-12 h, 
to  commitment  to  terminal  erythroid  differentiation  and ces- 
sation of proliferation (3-5). A number of metabolic changes 
occur during  the  latent period which precedes  irreversible 
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commitment  to  differentiation. Among these  changes  are 
altered  membrane  ion flux (6-8), cell volume (9), cyclic nu- 
cleotide concentration  (lo),  and  PKC  activity (11). With 
respect to  PKC  activity, we have previously demonstrated 
that  HMBA  initiates a progressive  decline in  native  PKC 
activity,  accompanied by the proteolytic generation of a ea2+/ 
PL-independent  protein  kinase  activity which appears  to be 
important  during  commitment (11). There is, in  addition, 
HMBA-mediated  modulation of expression of several nuclear 
protooncogenes,  including  c-myb,  c-myc, c-fos, and p53, 
among which the suppression of expression of c-myb  appear 
to be of particular  importance  to  the  commitment process 
(12-16). Following commitment,  MELC display the  morpho- 
logical and molecular changes  characteristic of normal  eryth- 
roid differentiation, including coordinated expression of the 
several globin genes, the  heme-synthetic enzyme pathway,  the 
red cell-specific membrane  proteins, progressive suppression 
of DNA and RNA synthesis,  and cessation of cell division  (1, 
17, 18). 

Recently, we have demonstrated  that  MELC  rendered  re- 
sistant  to low concentrations of vincristine  are 1) markedly 
more sensitive  to  induction of differentiation by low concen- 
trations of HMBA, 2) induced to  commitment  without a latent 
period, and 3) resistant  to  the  differentiation-inhibitory ef- 
fects of the phorbol ester,  PMA,  and  the glucocorticoid, dex- 
amethasone (19). We  have suggested that  these  VC-resistant 
MELC,  which  display  accelerated differentiation, may  prove 
to be constitutive  for a factor  (or  factors)  critical for early 
events  in  commitment (16, 19). 

In  this  paper we examine  the  relationship between PKC 
activity  and  the inducibility of MELC. We demonstrate  that 
in  MELC,  PKC  exists  predominantly  as two isozymes, iden- 
tified as  PKCa  and PKCB. In all MELC  variants examined, 
the level of activity of PKCa exceeds PKCP. In general, the 
level of total  PKC  activity  is  about 25% higher in  the VC- 
resistant cells, compared  to VC-sensitive cells, and  this  is 
accounted  for largely by  increased PKCP activity. We  have 
found  that cells  with  higher levels of PKCB activity display 
faster  rates of HMBA-induced  differentiation. Upon  exposure 
to  HMBA,  MELC lose PKC activity.  Rapidly differentiating, 
VC-resistant  lines lose their  PKC  activity  faster,  and  the 
decline is  predominantly  in  PKCp activity.  We  also demon- 
strate  that  VC-resistant  MELC  are,  in  fact,  sensitive  to  the 
inhibitory effect of PMA,  but only if preincubated with the 
phorbol ester for  sufficient time  to deplete the  Ca2+/PL- 
independent  protein  kinase  activity which is  generated by 
exposure to  PMA.  Taken  together,  the  accumulated evidence 
suggests an  important role for  PKC  activity,  and  PKCP 
activity  in  particular,  during  induction of MELC  to  erythroid 
differentiation.  The  data  are  consistent  with  and  supportive 
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of the concept that HMBA-mediated generation, by proteo- 
lytic cleavage, of an active, Ca2+/PL-independent PKC frag- 
ment,  perhaps derived from PKCP, is a  critical step  in  the 
induction process. 

EXPERIMENTAL  PROCEDURES 

Cell Lines and Materials-MEL cell line DS19, and all the variant 
lines described in this paper which  were derived from it, were main- 
tained in a minimal essential medium containing 10% (v/v)  fetal calf 
serum (5). Sc9 and N23 are unselected subclones of DS19. V3.17 and 
each of the subclones of  V3.17 (subclones 14,44, and 74)  were selected 
for resistance to VC as previously reported (19). They are routinely 
maintained in  5 ng/ml of vincristine; the presence or absence of  VC 
has no effect on their property of accelerated differentiation when 
exposed to HMBA. Sc9[VCR]cl5 was selected from DS19 by succes- 
sive single-step selections, first in 1 ng/ml of  VC, then in 2 ng/ml. It 
is maintained in 2 ng/ml VC. R1 were derived from DS19 by selection 
for resistance to induction of terminal cell division and differentiation 
by  HMBA (20). Rl[VCR] was selected from R1 cells by growth in 5 
ng/ml of  VC and now displays the property of accelerated response 
to HMBA instead of the HMBA-resistance characteristic of the 
parent line (21). Cell line A120 was selected from Sc9 cells by stepwise 
growth in Adriamycin (daunarubicin, Sigma), starting  at 20 ng/ml. It 
is maintained in 120 ng/ml Adriamycin? 

Cells  were induced to differentiate by exposure to 5 mM HMBA 
and  the accumulation of differentiated cells was assayed by the 
benzidine reaction for hemoglobin using benzidine dihydrochloride 
(Sigma) as previously described (22). 

Hydroxyapatite (HA)-Ultrogel was purchased from LKB, and 
DEAE-cellulose (DE-52) from Whatman. Phosphatidylserine, 1,2- 
diolein, histone (type 111-S), leupeptin, phenylmethylsulfonyl fluo- 
ride, PMA, ATP, HEPES,  and HMBA  were from Sigma. [32P]ATP 
(3000 Ci/mmol) was obtained from Amersham Corp., and  Triton  X- 
100 from Rohm and Haas. 

HA-Ultrogel Chromatography and PKC Assay-The cells (40 X 
lo6) were suspended in 2 ml of  20  mM KPOa buffer, pH 7.5, containing 
10% glycerol, 1 mM EDTA, 10 mM 2-mercaptoethanol, 0.5 mM 
leupeptin, and 2 mM phenylmethylsulfonyl fluoride, lysed by sonica- 
tion at 4 "C (six bursts of  10 s each) and  then centrifuged at 100,000 
X g for  10 min. The  supernatant (cytosol fraction) was collected and 
loaded onto an HA-Ultrogel column (0.7 X 20 cm) as described by 
Ono et al. (23), with the following modifications: the flow rate was 
0.5 ml/min and fractions of 1 ml  were collected the column was 
washed with 15 ml of starting buffer followed  by  30  ml  of  40 mM 
KPO, buffer. A linear gradient (90 ml) of from 40 to 90 mM KPO,, 
followed  by 20 ml of  90 mM and 35 ml  of  200 mM KP04 buffer were 
then applied to  the column. PKC activity was determined on 100 pl 
of the eluted fractions as previously described (11). 

Separation ofNative  PKC and Ca'+/PL-independent PKCActivities 
by DEAE-Chromatography-The cytosol fraction from 40 X lo6 cells 
was prepared and subjected to anion-exchange chromatography as 
previously described (11). PKC activity and  the Ca2+/PL-independent 
protein kinase activity were assayed using 100 pl  of the eluted 
fractions and  the amount of each enzyme activity calculated from the 
area under the eluted peaks. For assay of membrane-associated PKC 
activity, the pellet obtained after centrifugation of the lysed cells at 
100,000 X g was suspended in 1 ml  of a lysing buffer containing 0.2% 
Triton X-100, and aliquots of 10 11 were immediately used to assay 
PKC activity. 

RESULTS 

Fractionation of PKC Activity in MELC-Two distinct 
peaks of protein kinase activity, identified as  PKC by their 
absolute requirement for Ca2+ and phospholipid (PL; phos- 
phatidylserine and dioleoyl glyceral) for activity, were de- 
tected  in MELC by HA-Ultrogel chromatography (Fig. M). 
The first  peak (I) elutes at  approximately 60 mM KPOr buffer, 
and represents 12-16% of the  total Ca*+/PL-dependent  kinase 
activity in  the N23 variant of MELC. The second peak (11) 
elutes at about 80-84 mM KPO, buffer and accounts for 84- 
88% of total activity. Employing antipeptide  antibodies which 
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FIG. 1. Separation of PKC isozymes by HA-Ultrogel chro- 
matography. The cytosol fraction from 4 X lo7 cells was prepared 
and chromatographed on an HA-Ultrogel column, as described under 
"Experimental Procedures." PKC activity was assayed in the presence 
(M) or absence (W) of Ca2+ and phospholipids on 100  pl 
of eluted fractions. [KPO,] buffer gradient (- - -). PKC peak I 
(column fractions 60-85) and  PKC peak I1 (column fractions 100- 
130)  were pooled separately and concentrated by ultrafiltration to  an 
activity of about 100 units/ml (unit = nmol 32P incorporated/min). 
The specific activities of each isozyme  were, for N23 cells, about 830 
units/mg protein (peak I )  and 5000 units/mg protein (peak I I ) ,  and 
for V3.17[44] cells, 4150 and 4850 units/mg protein, respectively. A, 
PKC  fractionation for MELC line N23; B, PKC  fractionation for 
V3.171441 cells. 

TABLE I 
Identification of PKC isozymes with  isozyme-specific antisera 

Source of PKC activity 
Antiserum 

Fraction I Fraction I1 cvtosol brain Total  Rat 

A net cpmlcm nitrocellulose strip 
Anti-PKCa 1 159 171 56 
Anti-PKCP 126 14 136  154 
Anti-PKCT 1  1 2 39 

"PKC fractions I and 11, isolated from V3.17  [44] cells by HA- 
Ultrogel chromatography, were further purified by threonine-Sepha- 
rose (58). Each  concentrated  PKC fraction, as well as the unfraction- 
ated cytosol from the same cells, and  an unfractionated cytosol 
preparation from rat brain (positive control for PKCa, -P, and - T )  

were individually adsorbed in  triplicate  onto nitrocellulose strips (0.5 
X 3.0 cm) for 1 h at room temperature. The strips were saturated 
with 5% bovine serum albumin in phosphate-buffered saline, cut into 
three 1-cm pieces, and each piece exposed to one of three  antipeptide 
antisera, specific for PKCa, $3, and -T. After 2 h the strips were 
washed in phosphate-buffered saline, exposed for 2 h to lZ5I-anti- 
rabbit Ig, exhaustively washed in phosphate-buffered saline, with 
0.1% Tween 20, and  then bound radioactivity was determined with 
an Ambis scanner and by radioautography (not shown). The num- 
bers reported, for each antiserum applied to each source of PKC 
activity, are the mean counts/min/strip, less background (38-40 cpm/ 
strip) of the triplicate preparations. 

specifically recognize the a, p, and T isozymes of PKC (kindly 
provided by Dr. Ora M. Rosen, Memorial Sloan-Kettering 
Cancer Center) (24), it was demonstrated that  the first peak 
corresponds to PKCP activity, and  the second to  PKCa activ- 
ity  (Table I). No PKC activity reactive with  anti-PKCT an- 
tibody was detected in these MELC lines. 

PKC Activity in MELC Variants  with  Different Rates of 
Induction-We have recently described the selection of a 
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cloned variant MELC line resistant to inhibition of cell 
growth by  low concentrations of vincristine (19). This variant, 
designated V3.17, is significantly more sensitive to  the induc- 
tion of erythroid differentiation by  HMBA (and  other polar/ 
apolar inducing agents, such as dimethyl sulfoxide and HMBA 
analogs; data  not shown), than  the parental MELC cell line, 
DS19-Sc9, derived from Friend’s original isolate, 745A (25). 
This  variant,  and  a series of cloned VC-resistant MELC lines 
subsequently isolated, is induced to differentiate by  low con- 
centrations of HMBA,  becomes committed to terminal differ- 
entiation without the 10-12-h latent period characteristic of 
the  parental line, and accumulates differentiated (hemoglo- 
bin-containing, benzidine-reactive) erythroid cells at  an ac- 
celerated rate (19). A number of clones have also been isolated 
which are  resistant to induction by HMBA or differentiate at 
a distinctly lower rate (see “Experimental Procedures.’’ The 
kinetics of induced differentiation of these  variants  and  the 
parental line, as measured by accumulation of benzidine- 
reactive cells, are  illustrated in Fig. 2. All of these  variants 
grow at approximately the same rate, achieving a density of 
about 2-3 X lo6 cells/ml within 48-72  h. 

Each of these variant clones was examined by HA-Ultrogel 
chromatography for the level and distribution of PKC activity 
represented by each of the two isozymes characteristic of 
MELC (Fig. 1B and  Table 11). Although all variants demon- 
strate both @- and  a-PKC activity, and  in each, PKCa  is  the 
principal component, the fraction contributed by PKCP dif- 
fers among the several cell  lines. In general, the clones least 
responsive to HMBA (Rl, A120, and N23) display the lowest 
content of PKCP, while the most sensitive lines (Rl[VCR], 
ScS[VCR]cl5, and  the V3.17 subclones, 74,44, and 14) display 
the highest levels of this isozyme, compared to  the parental 
line, Sc9. 

Effect of HMBA on PKC Activity and PKC Isozymes-We 
have examined the kinetics of change of total cytosolic PKC 
activity during the induction of differentiation with HMBA 
of a low-response (N23) and  a high-response (V3.17[44]) 
MELC variant (Fig. 3). PKC activity falls gradually and 
steadily during induction of N23 cells, reaching about 60% of 
initial activity by 72 h, by which time appreciable numbers of 
differentiated cells can be detected (by the benzidine reac- 
tion). V3.17[44] cells start,  as is true for all of the VC- 
resistant, high-response clones, with a higher level of PKC 
activity, and  there is an approximately 50% fall in PKC 
activity within 4  h of exposure to 5 mM HMBA (or 3 mM 

Time (hr) 

FIG. 2. Kinetics of induced differentiation of MELC vm- 
iants. Each MELC variant was inoculated into suspension culture 
(see “Experimental Procedures”) at 10’ cells/ml in the presence of 5 
mM HMBA. The proportion of benzidine-reactive cells was deter- 
mined in each culture at  the indicated intervals. 0, V3.17[141; ., 
V3.17[44]; A, V3.17[74]; V, ScS[VCR]cl5; V, A120; 0, R1; 0, SC% A, 
N23; 0, Rl[VCRJ. 

TABLE I1 
Protein kinase C activity in MELC variants 

Variant 
Protein  kinase C activity” 

PKCB PKCa Total PKC  Bltotal 

R1 

A120 

N23 
sc9 

Rl(VCR) 

SC9(VCR)cl5 

V3.17[74] 
V3.17[44] 
v3.17r141 

0.39 
0.36 
0.24 
0.18 

0.69 -C 0.10 
0.70 
0.58 
1.70 
1.60 
1.30 
1.38 

1.50 -C 0.16 
2.48 & 0.16 
2.23 -C 0.14 

units/]$ cellsb 
3.60  3.99 0.10 
4.20  4.56  0.08 
4.68  4.92  0.05 
4.08 4.26 0.04 

3.90 f 0.45 4.59 0.15 
3.60 4.30 0.16 
4.10 4.68 0.12 
3.30 5.00 0.34 
3.95 5.55 0.29 
3.40 4.70 0.28 
3.95 5.33 0.26 

4.50 f 0.36 6.00 0.25 
3.80 -C 0.30 6.28 0.39 
3.27 f 0.36 5.50 0.41 

For each variant, PKC values were determined at least two times; 
for some variants three  to five determinations were made, and  the 
value given is the mean k S.D. 

* Unit = nmol 32P incorporatedjmin. 
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FIG. 3. Effect of HMBA on total cytosolic PKC activity. N23 

and V3.17[44] cells were inoculated at  2 X 10’ cells/ml in  culture with 
5 mM HMBA and maintained (by repeated dilution) a t  a cell density 
<9 X lo6 cells/ml in order to obviate the suppressive effect of growth- 
to-plateau-density  on PKC activity (11). At the indicated intervals, 
up to 40 h (for V3.17[44] cells, .”-I) and 120 h (for N23 cells, 
M), 40 X IO6 cells were harvested and total cytosolic PKC 
activities determined as described under “Experimental Procedures.” 

HMBA, as well, data  not shown, which is sufficient for 
complete induction of the HMBA-sensitive VC-resistant 
clones (19)). By 24 h, when considerable numbers of differ- 
entiated V3.17[44] cells can be detected, PKC activity has 
decreased to 30% of initial activity. 

We have examined the changes in  the @- and  a-PKC 
isozymes during HMBA-induced differentiation of N23 and 
V3.17[44]  cells (Fig. 4). In both cell lines the decrease in PKC 
activity is mainly accounted for by a decline in PKCP. The 
early (<4 h)  and rapid fall in PKC activity (from about 6.3 
units/106 cells to about 3.1 units/106 cells;  Fig. 3) in the VC- 
resistant cell line (V3.17[44]) is largely  due to a fall in PKCP 
(from 2.5 units/106 cells to 0.5 units/106 cells), which has 
declined to about 20% of initial activity by 3 h of exposure to 
HMBA (Fig. 4). In N23 cells, neither PKCP nor total  PKC 
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FIG. 4. Effect of HMBA on PKCa and PKCB activities. N23 
(A) and V3.17[44] ( B )  cells were cultured with 5 mM HMBA  under 
the conditions described  in Fig. 3 and assayed by HA-Ultrogel chro- 
matography (see Fig. l), at  the indicated intervals up to 24 h, for 
changes in the activities of PKCa (chromatographic  peak 11) and 
PKCj3 (peak I). The 100% values (activity at 0 h) were:  for N23 cells, 
PKCj3 = 0.7 and PKCn = 4.15 units/ml; for V3.171441 cells, PKCp = 
2.5 and PKCa = 3.95 units/ml. o”-o, PKCa; .“-., PKCj3. 

Time of Preincubation in TPA (hrs) 

FIG. 5. Effect of PMA on differentiation and PKC activity. 
N23 and V3.17[44] cells at a density of lo6 cells/ml were  preincubated 
with PMA (100 ng/ml) for the periods indicated, up to 6 h, then 
aliquots of 4 X 10’ cells (A, N23 cells; B, V3.17[44] cells) were lysed, 
the membrane and cytosol fractions separated (see “Experimental 
Procedures”), and the cytosol fractions chromatographed on a DE-52 
column for separation and assay of native PKC and the CaZ+/PL- 
independent kinase, as previously described (11). The membrane 
fraction was assayed for total PKC activity. e, cytosolic PKC; 0, 
membrane  PKC; A, Ca*+/PL-independent protein kinase. C, a second 
aliquot was inoculated into culture (at lo6 cell/ml) with 5 mM HMBA 
and PMA (100 ng/ml). After 40 h (for V3.17[44] cells, e) and 72 h 
(for N23 cells, 0) the proportion  of benzidine-reactive cells was 
determined. 

activities decline to these levels until after 24 h of culture 
with HMBA. The decline in PKCa is more gradual in  both 
cell lines, although definitely faster  in V3.17 cells than in the 
N23 line. 

Effect of PMA on Induction and PKC Activity-We have 
previously shown that  the phorbol ester, PMA, is a powerful 
inhibitor of HMBA-induced MELC erythroid  differentiation, 
acting  during the  latent period for commitment (1, 5, 26). 
PMA depletes MELC PKC activity by  over 90% within 2-3 
h and  the suppressed inducibility by HMBA recovers in 
proportion  to the recovery of PKC activity (11). HMBA- 

hypersensitive, VC-resistant MELC appear relatively insen- 
sitive to  the differentiation-inhibitory effects of PMA when 
both  agents are added simultaneously (19). We have now 
examined the effects of various periods of preincubation of 
N23 and V3.17[44] cells both  on PKC activity and on induced 
differentiation in response to subsequent  addition of HMBA 
(Fig. 5). 

From the  data in Fig.  5C it can  be seen that N23 cells are 
completely inhibited by PMA, with respect to differentiation 
(accumulation of benzidine-reactive cells), even if PMA is 
added as  late  as simultaneously with the HMBA (0 h of 
preincubation). On the  other hand, it requires at  least 2 h of 
preincubation with PMA to achieve partial  (50%) inhibition 
of induction of V3.17[44] cells, and complete inhibition re- 
quires  6  h of pre-exposure to  the phorbol ester. In both cell 
lines cytosolic PKC  is rapidly depleted, within 1 h of exposure 
to PMA, while a membrane-associated activity is transiently 
generated (within 30 min) and depleted by 1-2 h (Fig.  5, A 
and B ) .  The two lines differ, however, with respect to  the 
amount  and persistence of a  Ca2+/PL-independent  protein 
kinase activity generated during exposure to PMA. This ac- 
tivity is detected in  both lines by  30 min in PMA, but reaches 
a higher proportion  (almost 50%) of total  PKC activity and 
persists longer (until 4 h)  in V3.17 cells (Fig. 5B), compared 
to  the N23 line (Fig. 5A), in which all of this form of protein 
kinase activity is gone  by 1 h of exposure to  the phorbol ester. 
Taken together, these observations raise the possibility that 
the relative resistance to inhibition of  V3.17 cells by PMA is 
related to  the delayed depletion of one form of kinase activity, 
coupled with the rapid rate of induction of these  VC-resistant 
MELC. 

DISCUSSION 

The present findings provide evidence that  PKC plays an 
important role during HMBA-mediated induction of MELC 
differentiation (11, 27). MELC contain, principally, two PKC 
isozymes, which we have identified as  PKCp  and  PKCa by 
virtue of their reactivity with specific antipeptide antibodies 
(24). Although PKCa predominates in all MELC variants 
examined, the proportion of  PKCj3 is distinctly higher (as is 
total  PKC activity)  in  a series of cloned MELC variants 
which display an accelerated response to HMBA and sensitiv- 
ity to lower concentrations of the inducer (19, 20), compared 
to  the  parental line and  to  other MELC clones selected for 
resistance to induction by HMBA or for their relatively slow 
response. The rapid fall in PKCB activity in response to 
HMBA, characteristic of a hypersensitive cell line, compared 
to  the much more gradual decline exhibited by a less respon- 
sive line, implicates a role for this isozyme during early stages 
of the induction process. It is now established that  in virtually 
all cell systems total cellular PKC activity represents the 
aggregate activities of multiple PKC isozymes, including the 
products of at least three  PKC genes, PKCa, -8, and -7 (28- 
391, and  it  has recently been reported that these isozymes can 
be differentially down- and up-regulated (24-40). A role for 
PKC in the regulation of cell proliferation and differentiation, 
both of which are  elements of the response of MELC to 
inducing agents (l) ,  has been suggested by reports  on  a variety 
of biological systems (28,  41-51), including hematopoietic 
precursors (52,53). 

We have previously demonstrated that in MELC, HMBA 
induces the formation of a proteolytically generated, cytosolic 
Ca’+/PL-independent kinase activity accompanied by pro- 
gressive decline in total cytosolic PKC activity (11). Although 
both the generation of this kinase activity and induced differ- 
entiation  are  inhibited by leupeptin, an inhibitor of protease 



18418 Protein Kinase C and Erythroleukemia Cell Differentiation 

activities, such as calpain, it has  not been demonstrated that 
this Ca2+/PL-independent PK activity is a proteolytic product 
of native PKC (11,  54-56). Consistent, however, with the 
suggested importance during differentiation of inducer-acti- 
vated generation of a cytosolic Ca*+/PL-independent PK ac- 
tivity is the  present observation that  the kinetics of inhibition 
of induced differentiation by PMA appear to correlate with 
the rate of decline of this kinase activity. The more rapid 
decay of kinase activity, the more effective is PMA in inhib- 
iting induced differentiation. 

Precisely how an elevated level of PKCp might contribute 
to the greater sensitivity and rapid response to inducer char- 
acteristic of the series of VC-resistant MELC variants is not 
known. We have speculated (16, 19) that  the characteristic 
rapid response of VC-resistant MELC to HMBA may reflect 
their constitutive expression of a factor (or  factors) critical 
and rate-limiting for an early event in the commitment proc- 
ess. Indeed, we have demonstrated (57) that, unlike the VC- 
sensitive MELC variant, Sc9, the induction of VC-resistant 
V3.17 cells  by  HMBA is not  retarded by inhibition of protein 
synthesis with cycloheximide. It is possible that phosphoryla- 
tion of a specific protein target by an activated PKC,  perhaps 
a proteolytically generated, Ca2+/PL-independent fragment 
of PKCP, comprises one required, but probably not sufficient 
component of this complex regulatory pathway. What role is 
played by the more  slowly responding PKCa also remains to 
be determined. This isozyme declines somewhat more rapidly 
in cells  which are induced more rapidly (i.e. V3.17[44]), sug- 
gesting that  its activation or deactivation may play some  role 
during post-commitment differentiation, such as  a role in  the 
actual implementation of the developmental program includ- 
ing terminal cell division. 
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