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INTRODUCTION

ABSTRACT
Butylated hydroxytoluene (BHT) causes transient lung damage
in mice, and it can either inhibit or enhance carcinogen induction
of tumors in internal organs, such as urethan-induced lung
adenomas. Since protein kinase C (Pk-C) may mediate the action
of one class of tumor-modulatory agents, the phorbol esters
which promote skin tumorigenesis, we are examining the hy
pothesis that Pk-C is involved in the modulatory effects of BHT
on internal organs. Endogenous phosphorylation of a M, 36,000
cytosolic protein (p36) with a pi of 5.7 was demonstrable in
extracts from lung and spleen but not from brain or heart.
Phosphorylation required the presence of both Ca2+ and phosphatidylserine, and phosphate was incorporated into seryl and
threonyl residues but not into tyrosyl residues. This reaction thus
has the characteristics of Pk-C-dependent catalysis. A single i.p.
injection of BHT (400 mg/kg body weight) decreased p36 phos
phorylation severalfold in both BALB/cByJ and A/J mice. This
decrease correlated with the extent of BHT-induced lung damage
with regard to both the time course following BHT administration
and the dose dependence of BHT. All of the pulmonary effects
of BHT are abolished if the mice are pretreated with cedrene, an
inducer of drug-detoxifying enzymes. Such treatment with ced
rene prevented any BHT-induced decrease in p36 phosphoryla
tion. A decrease in Pk-C specific activity, as measured using
histone as an exogenous substrate, which resulted upon BHT
treatment may provide a mechanism for decreased p36 phos
phorylation. The specificity of this toxicity-related effect of BHT
is emphasized by the fact that urethan injection did not detectably
affect the phosphorylation of any lung proteins. Both p36 phos
phorylation and Pk-C specific activity increased as a function of
postnatal age. Thus the extent of p36 phosphorylation was
inversely related to the extent of lung cell proliferation in two
different physiological states, postnatal growth and regenerative
repair following BHT-induced toxic injury. A single BHT injection
is sufficient to cause lung toxicity, tumor prophylaxis, or co-

The food additive BHT3 is a prevalent xenobiotic in the human
environment and has multiple, even contradictory, effects on
tumorigenesis in rodents. Several studies have demonstrated
that BHT can either inhibit or enhance the effects of established
carcinogens (see Ref. 1 for review). For a single organ, lung, in
a single species, mouse, BHT can act as a tumor prophylactic
agent (2), co-carcinogen (3), or tumor promoter (4,5). The nature
of its action depends on the schedule of BHT and carcinogen
administration (1, 2, 6), the strain of mice (2), and the animal's
age (3).
Knowledge of the biochemical mechanisms governing these
modulatory activities would help unravel this complexity. Con
ceptual background exists for understanding the prophylactic
actions of BHT. BHT can alter carcinogen metabolism (7), pre
sumably by its ability to induce drug-metabolizing enzymes (8),
and thereby decrease carcinogen binding to DMA (9). The antioxidant properties of BHT may account for its inhibition of
tumor growth when presented after carcinogen has been cleared
from the body (10) or in conjunction with radiation carcinogenesis
(11). The mechanisms underlying co-carcinogenesis and tumor
enhancement by BHT are unknown. BHT-induced hyperplasia is
probably not requisite for promotion, since enhancement of lung
tumor multiplicity occurs even when such hyperplasia is pre
vented (12).
One approach to understanding tumor modulation by BHT is
by comparison with the more well-studied agent, TPA, which
promotes skin tumor formation in mice and enhances carcino
gen-induced transformation in cell culture (13). The cellular re
ceptor for TPA has been identified as Pk-C (14). Pk-C can
phosphorylate
protein kinase
products are
factors; e.g.,

carcinogenesis, while tumor promotion requires chronic treat
ment. P36 phosphorylation also decreased when mice were
given multiple BHT injections over a period of 5 weeks. These
results are consistent with a hypothesis that decreased Pk-Cdependent phosphorylation
modulation by BHT.

of p36 is involved in lung tumor

the EGF receptor and thereby reduce the tyrosine
activity of the receptor (15). A number of oncogene
identical or very similar to polypeptide growth
the erb B oncogene protein and the carboxy-

terminal half of the EGF receptor are homologous (16). Modula
tion of tumorigenesis may proceed in part by post-translational
modification of an oncogene product. A related finding is that a
chemopreventative agent, retinal, can prevent activation of PkC by TPA in broken cell extracts (17).
We are investigating whether Pk-C mediates any of the tumormodulatory effects of BHT. Our initial study uncovered a differ
ence in the specific activity of Pk-C among inbred mouse strains
(18), but this did not correlate with either the relative suscepti
bilities of these strains to lung tumor acquisition or to their
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kinase C; PS, phosphatidylserine;p36, phosphorylatedprotein of molecularweight
36,000; HL-60, cultured line of human promyelocytic leukemia cells.
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sensitivity to enhancement by BHT of tumor multiplicity (2, 18).
Regulation of Pk-C activity depends upon the substrate used in

RESULTS

the assay, however. For example, diacylglycerol slightly stimu
lates Pk-C activity when the substrate is histone 2B, but it
increases activity severalfold when a proteolytically derived
amino-terminal fragment of histone 2B is used (19). We sought
to identify a Pk-C substrate endogenous to mouse lung and then

Phosphorylation of Pulmonary p36. To demonstrate phos
phorylation of endogenous lung proteins, incubation conditions
similar to those found previously to maximize Pk-C activity in
mouse lung cytosol (18) were used with the omission of the
exogenously added histone substrate. Labeled proteins were
separated by gel electrophoresis, and the incorporation of 32P
from [7-32P]ATP into proteins was detected by autoradiography

determine whether administration of BHT or urethan to mice
affected this reaction. We describe herein a BHT-induced de
crease in the Pk-C-catalyzed phosphorylation of a M, 36,000
lung protein.

(Fig. 1). Phosphorylation of one protein of molecular weight
36,000 (hereafter called p36), usually required the presence of
both Ca2+ and PS in the reaction mixture, although a slight
amount of p36 phosphorylation was sometimes observed in the
absence of these cofactors. P36 phosphorylation was stimulated
at Ca2+ concentrations above 30 MM, and maximal phosphory

MATERIALS AND METHODS
Sample Preparation.The mousestrainsused were A/J and BALB/
cByJ, which were obtained from either The Jackson Laboratory (Bar
Harbor, ME) or the Institute for Behavioral Genetics (Boulder, CO). All
mice were 6-12 weeks old except for a developmental study in which
neonatal mice were used and were of both sexes. Animals were permit
ted Wayne Lab Blox and water ad libitum, housed on hardwood bedding,
and kept on a 12-h light-dark cycle. After cervical dislocation, cytosolic
post-microsomal fractions were prepared as described (18). Fresh sam
ples were usually assayed. If a sample was to be used to measure PkC-catalyzed phosphorylation at a later time, it was made to a final
concentration of 20% glycerol and frozen at -70Â°C; freezing in the
absence of glycerol resulted in the loss of most activity.
PhosphorylationReaction.The reactionmixturefor the endogenous
phosphorylation assay contained, in a 100-^1volume, 20 rriM4-morpholinoethane sulfonic acid (pH 6.0), 10 HIMMgCI2,50 ^g soluble protein,
and 1.0 UM[T-^PJATP (5-10 Ci/mmol), with or without 100 MMCaCI2
and 2 ^9 PS. After incubation for 1 min at 30Â°C,the reaction was
terminated with either 50 /Â¿I
of sodium dodecyl sulfate stop solution (20)
or 50 n\ of lysis buffer (21), for subsequent one-dimensional or twodimensionalelectrophoretic analysis, respectively. Eight to 12% polyacrylamidegradient gels were used in initial exploratory studies in order to
separate proteins of a wide range of sizes, and 10% gels were later
used to most clearly resolve p36. The electrophoretic and autoradiographic procedures used have been described (22). The molecular
weight markers were: phosphorylase a, M, 92,000; bovine serum albu
min, M, 66,000; pyruvate kinase, M, 57,000; ovalbumin, M, 43,000;
DNAseI, M, 31,000; /i-lactoglobulin,M, 18,400;and lysozyme,M, 14,300.
The extent of phosphorylation displayed on the autoradiograms was
quantified using a microdensitometer (E-C Apparatus, St. Petersburg,
FL).
Other Assays. The techniqueof Lowry et al. (23) was used to
determine protein concentration, with crystalline bovine serum albumin
as the standard. Pk-C activity was assayed using an exogenous histone
substrate (Type III-S; Sigma, St. Louis, MO) as described (18).
Phosphoamino Acid Analysis. The standard endogenous phosphor
ylation assay was carried out in the presence of Ca2+and PS, but the
gel was not dried prior to autoradiography. Preparation of the gel slice
containingthe M, 36,000 band, subsequent acid hydrolysisof the protein,
and separation of amino acids by paper electrophoresis were done by
the method of Collett ef al. (24), as modified previously (25).
InjectionProcedures.Micewere sacrificedat varioustimesafterone
of the following treatments: BHT only, a single i.p. injection of BHT (400
mg/kg body weight (Sigma);multiple BHT, five weekly BHT injectionsas
above; cedrene/BHT, an Â¡.p.
injection of 400 Mgcedrene/g of body weight
(Pfaltz and Bauer, Stamford, CT) followed 2 h later by a BHT injection
as above; or urethan only, a single i.p. injection of 1 mg urethan/g of
body weight (Sigma).Vehicles injected as controls were corn oil, for BHT
and cedrene, and saline, for urethan, each in 100-^1volumes. These
injection procedures have been described previously in detail (2).
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lation occurred at PS concentrations of 16 pg/m\. We observed
no effect of diacylglycerol on p36 phosphorylation at any Ca2+
concentration. P36 phosphorylation is linear with protein concen
tration up to at least 2 mg/ml and with time up to at least 2 min.
A M, 50,000 protein was often phosphorylated in the absence of
Ca2+ if PS was present. Neither calmodulin nor cyclic AMP
stimulated the phosphorylation of any lung proteins under these
incubation conditions (Fig. 1).
When labeled proteins were separated on a two-dimensional
gel, phosphorylation of a M, 36,000 protein with a single isoform
at pH 5.7 was detected when the assay was conducted in the
presence of Ca2+ and PS (Fig. 2). This acidic pi distinguishes
p36 from another M, 36,000 protein, the M, 36,000 substrate for
the src gene kinase, pp60"0, the pi of which is 7.0-7.3 (26). Ca2+
and PS-dependent phosphorylation of a protein with the same
size and pi as lung p36 was demonstrable in spleen extracts but
not in extracts from either brain or heart.
The amino acid residues in p36 which incorporated 32P were
determined to be serine and threonine, with no label detected as
phosphotyrosine (Fig. 3). This fact, together with the incubation
conditions required for p36 phosphorylation, is consistent with
p36 phosphorylation being a Pk-C-catalyzed event.
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Fig. 1. Autoradiogram of cytosolic lung proteins from A/J mice which were
phosphorylated with [7-32P]ATP in the presence or absence of various combinations
of Ca2*, PS, diolein, calmodulin, and cyclic AMP. Phosphorylation of p36 is seen
whenever Ca2* and PS are both present in the reaction mixture.
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Chart 1. Postnatal changes in BALB/cBy mice in pulmonary p36 phosphorylation (A) and Pk-C activity as measured using histone as an exogenous substrate
(B). The p36 graph represents the average of three independent experiments with
the densitometric value for neonatal lung normalized to one unit of activity. The
Pk-C activity comparisons represent the means of six independent studies. Bars,
SE.

P36of p36 phosphorylation in lung extracts from strain A, BALB,
C57BL/6J, and SWR/J mice were approximately equal (data not
shown). In contrast, we have shown (18) that Pk-C activity using
histone as substrate was one-half as great in strain A lungs as

Fig. 2. Autoradiograms of cytosolic lung proteins from A/J mice which were
phosphorylated with [-x-^PJATP in the presence of Ca2* but in either the absence
(upper panel) or presence (tower panel) of PS, and separated by two-dimensional
electrophoresis. The position of p36, which is present only when PS is included in
the reaction mixture, is indicated.

â€¢

Fig. 3. Autoradiogram of phosphoamino acids isolated from p36. 7, ,>hosphoserine; 2, phosphothreonine; 3, phosphotyrosine. The presence of both phosphoserine and phosphothreonine and an absence of phosphotyrosine are shown.

Both the Ca2+ and PS-dependent phosphorylation of p36 and
the Pk-C activity with exogenously added histone as substrate
occurred with lung extracts from neonates; these activities in
creased with the age of the donor mice (Chart 1). The amounts
CANCER
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in these other strains.
Effect of Treating Mice with BHT on Subsequent Pulmonary
p36 Phosphorylation. Four to 7 days following a single injection
of BHT (400 mg/kg body weight), lung weight increases (2729), while body weight decreases (29). This reversible lung
damage is characterized by cell death, edema, and regenerative
repair (30). Examination of endogenous protein phosphorylation
at the time of maximal injury and repair, using the incubation
conditions described above, shows a marked decrease in p36
phosphorylation (Fig. 4). In 16 of 18 independent experiments
done on both A and BALB mice, p36 phosphorylation decreased
following BHT injection from an average of 18.6 Â±1.7 (SE) to
5.9 Â±1.6 (in arbitrary densitometric units). Phosphorylation of a
Mr 33,000 protein increased as a result of BHT treatment in
several experiments, but this phosphorylation did not require
Ca2+ or PS. Phosphorylation of other proteins using the incuba
tion conditions described above did not consistently change
following BHT treatment.
When p36 phosphorylation is assessed at different BHT doses
and at various time intervals following BHT injection, decreased
p36 phosphorylation correlates with both the dose dependency
and the time course for lung damage (Table 1). Such damage is
conveniently assessed by measuring the lung weight/body
weight ratio (29).
Both A and BALB mice are susceptible to the lung-toxic and
tumor-promoting effects of BHT, although to different extents
(2,5), while prophylaxis by BHT has been observed thus far only
in strain A mice (2). All pulmonary effects of BHT can be abolished
by pretreating mice with cedrene (2, 29), an agent the only
known pharmacological action of which is induction of the syn
thesis of microsomal enzymes involved in detoxification reactions
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CORN
OIL

Table 1
Effects of dosage and length of time following BHT administration on the
phosphorylation of p36
Two studies, each of which used 2 mice per experimental variable, are shown.

BHT

responseDosage

of BHT
(mg/kg
body wt.)
0
100
200
400
800Days

66 K

Dose

phosphory
lation (densitounits)22.7
metric

(mg)200

(X102)0.87

Â±56
Â±1.6
200 Â±10 24.7 Â±1.6
430Â±18C 18.8 Â±0.35o
360 + 7Â°
21.3 Â±0.41
460
43CLung(mg)170
Â±
17.2
0.24eTime
Â±

Â±0.06
Â±2.5
0.84 Â±0.03
24.2 Â±0.76
2.26 Â±0.11Â° 4.62 Â±1.3Â°
1.71 Â±0.06C 6.75 Â±2.9e
2.64
0.29CLung/body
Â±
0.35Cp36
0.83 Â±

courseBody(g)21
after
Injection07

(X102)0.77

phosphory
lation (densitounits)23.3
metric

Â±10
.6 Â±2.5
Â±0.05
Â±1.5
260 Â±30" 19.5 Â±0.64 1.33 Â±0.12"
6.4 Â±3.4"
230
Â±
9eBody(g)23.8
0.97
Â±
0.02dp36
6.2
Â±3.2e
13Lung
23.4 Â±1.4Lung/body
a In the dose-response study, animalswere sacrificed 7 days following injection.
6 Mean Â±SE.
c P < 0.001, compared to com oil vehicle (dosage = 0).
" P < 0.05, compared to corn oil vehicle (dosage = 0).
e P < 0.01, compared to corn oil vehicle (dosage = 0).
In the time course study, animals received either BHT (400 mg/g body weight)
or 100 n\ of the corn oil vehicle.

18K14KCa2+PS
-

Table 2
Effect oÃ-cedrane pretreatmenton BHT-induced lung toxicity and p36
phosphorylation
Two animals were used per treatment regimen, and p36 phosphorylation was
determined 1 week following BHT injection. Cedrane pretreatment is as described
in "Materials and Methods."

(31, 32). The changes in protein phosphorylation customarily
observed upon BHT treatment do not occur if BHT injection is
preceded by cedrene injection (Table 2).
The tumor prophylactic and co-carcinogenic actions of BHT
require only a single BHT injection just prior to urethan treatment
(2, 3). Two weekly BHT injections following a single urethan
injection are inadequate to enhance lung tumor multiplicity, while
four or more BHT injections suffice (6). When we tested the
effect of chronic BHT treatment on p36 phosphorylation, each
of five weekly BHT injections caused lung damage and de
creased p36 phosphorylation (Table 3). Reduced p36 phosphor
ylation could thus mediate acute and/or chronic effects of BHT.
A BHT-induced decrease in Pk-C activity could account for
decreased p36 phosphorylation, and this was indeed observed
when Pk-C was assayed using histone as a substrate (Table 4).
In addition to the reversible activation of Pk-C with Ca2+ and PS,

oil
BHT
Cedrene/BHTLung

was measured in the absence of PS following BHT treatment,
no change occurred (data not shown), which indicates that PkC was not irreversibly activated as a result of BHT administration.
Consistent with this, no increase in Ca2+/PS-independent phos
phorylation of p36 was observed following BHT administration
(Fig. 4).
RESEARCH

Phosphorylation
(arbitrary
units)17.5

1.96
0.82p36

4.8
20.0

Table 3
Effect of multiple BHT injections on p36 phosphorylation
Three animalswere used per treatment regimen, and p36 phosphorylation was
determined 1 week following the last BHT injection.

the enzyme can be irreversibly activated following treatment with
a Ca+-dependent protease (33). When protein kinase activity

CANCER

wt./body wt.
(X102)0.76

TreatmentCom

Fig. 4. Autoradiogram of cytosolic lung proteins from BALB/cBy mice which
had been treated with either com oil or with BHY 1 week earlier and were then
phosphorylated with [-y-^PjATP in the presence of various combinations of Ca2*
and PS. Phosphorylated p36 is observed when both Ca2* and PS are present in
the com oil vehicle-treated mice, but it is absent in BHT-treated mice.

Weekly BHT injections
(no.)0
12

wt./body wt.
(X102)0.76
Â±0.03a
1.63 Â±0.136
1.39
1.21 Â±0.18
1.31 Â±0.166

34

1.23 Â±0.18p36
5Lung
" Mean Â±SE.
" P< 0.01, compared to com oil vehicle (0 injections).
0P < 0.05, compared to com oil vehicle (0 injections).

Phosphorylation
(arbitrary
units)16.9
Â±2.7
6.0 Â±1.1*
6.9Â±1.4C
11.9Â±2.1
9.1 Â±1.3Â°
5.5 Â±0.6"

Effect of Treating Mice with Urethan on Subsequent Pul
monary p36 Phosphorylation. Like BHT, urethan also causes
lung toxicity. DMA synthesis is depressed 1 day after urethan
injection, proliferation is at control levels after about 1 week, and
the proliferation of certain cell types increases a few weeks after
treatment (34, 35). In the case of urethan, neoplastic conversion
of alveolar type 2 and bronchiolar Clara cells may also occur
(36). No effect on the phosphorylation of any cytosolic lung
protein was observed following urethan injection (Table 5). The
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Table 4
Effect of BHT injection on Pk-C activity

In four independent experiments involving 2 mice for each condition, the Pk-C
activity using exogenously added histone as a substrate was determined 1 week
following BHT injection.
Activity
wt./body wt.
(X102)0.79
(cpm/jig
protein)263
InjectionCorn
0.03a1
Â±
Â±53
oil
127Â±29C
.49Â±O.OT"Pk-C
BHTLung
a Mean Â±SE.
6 P < 0.001, compared to the com oil vehicle control.
0 P < 0.05, compared to the corn oil vehicle control.

regard to tissue specificity. Among the host of identified endog
enous substrates for Pk-C are proteins involved in contractile
processes, e.g., vinculin (39); protein synthesis, e.g., ribosomal
protein S6 (40); and metabolic regulation, e.g., 0-adrenergic
receptor (41). Neither these nor the many endogenous Pk-C

Table 5
Lack of effect of urethan injection on p36 phosphorylation
Three groups of four mice each were given injections of urethan. p36 phos
phorylation was determined at different times after injection. At no time following
urethan treatment was p36 phosphorylation significantly different from the salineinjected (0 days) control.
Days after injection
0171510.5

p36 phosphorylation
Â±1.5Â°10.8
1.811.2
Â±
Â±1.910.3
Â±3.2

' Mean Â±SE.

dose of urethan used is that which induces lung tumors (5) and
caused approximately a 20% decrease in spleen weight in the
animals whose lungs were tested in Table 5. No effect of urethan
on Pk-C activity in spleen extracts, as measured using histone
as substrate was observed either (data not shown).
DISCUSSION
Evidence that the phosphorylation of p36 is catalyzed by PkC is the requirement for both Ca2+ and PS, as well as the
incorporation of phosphate into serine and threonine residues of
p36. Both the Pk-C-dependent phosphorylation of p36 and the
Pk-C activity using exogenous histone as substrate are low in
two states in which lung cell proliferation is high relative to that
found in normal adult lung, namely, during postnatal lung growth
(Chart 1) and during the compensatory hyperplastic response
following BHT treatment (Fig. 4, Table 4). These two measure
ments are not identical, however, in that Pk-C activity with
histone as substrate shows a strain dependence, as well as a
different organ specificity than that of p36 phosphorylation (18).
These differences recall those found in the degree of stimulation
of Pk-C activity by diacylglycerol when a proteolytic fragment of
histone 2B was used as substrate rather than intact histone 2B
(19). Such observations suggest that multiple modes of regula
tion of Pk-C activity exist in vivo, depending on the endogenous
substrate to which Pk-C is physically apposed. Protein sub
strates have a considerable effect on the behavior of those
protein kinases the activity of which is dependent on cyclic AMP
as well (37,38). Experimenters should consider the use of several
protein substrates when examining the regulation of Pk-C activ
ity.
Any role that is postulated for p36 in tumor modulation by
BHT must await identification of its cellular function. p36 occurs
in both lung and spleen, but it is not ubiquitous, since it was
undetectable in brain and heart. We have found Pk-C-dependent
phosphorylation of p36 in broken cell preparations of isolated rat
alveolar type 2 cells,4 so p36 is at least partially epithelial with
' A. M. Malkinson and R. J. Mason, unpublished results.

CANCER

substrates characterized only by their size in various tissues
correspond in molecular weight and pi to p36.
The decreased phosphorylation of p36 caused by BHT admin
istration to mice is, to our knowledge, the first demonstration of
an alteration of Pk-C-dependent phosphorylation resulting from
treating an animal with a xenobiotic. The mechanism of this
effect may be the decrease in Pk-C activity (Table 4). We
observed no increased protease activity following BHT treatment
in an attempt to demonstrate BHT-induced proteolysis of p36.5
p36 phosphorylation is not involved in the actions of all lungtoxic agents, since urethan did not influence such phosphoryla
tion (Table 5). Urethan also did not affect splenic p36 phosphor
ylation even after causing a dramatic decrease in spleen weight
(data not shown).
We have provided evidence that metabolites of BHT, rather
than BHT itself, are responsible for most of the actions of BHT
in the lung and that different metabolites may mediate different
effects (2, 29). This hypothesis is supported by the observation
that cedrane prevents the pulmonary actions of BHT. Since the
typical BHT-induced reduction in p36 phosphorylation is abol
ished by pretreating mice with cedrene (Table 2), this suggests
that a metabolite of BHT is responsible for the effect of BHT on
p36 phosphorylation as well.
Other biochemical effects of BHT on the lung include an
enhanced cyclic AMP-independent phosphorylation of M, 87,000
and 135,000 proteins under incubation conditions (pH, cation
content) different from those used herein (42) and an increased
activity of a heat-stable protein which stimulates cyclic GMPdependent protein kinases (43). These changes also correlate
with the time course of BHT-induced lung damage.
Altered Pk-C-catalyzed phosphorylation of endogenous sub
strates has been demonstrated in vitro after exposure of cells to
hormones or to TPA. The hormone studies showed enhanced
phosphorylation of a M, 40,000 protein in platelets stimulated by
thrombin (44) and increased phosphorylation of several hepatocyte proteins in response to angiotensin II and vasopressin (45).
TPA treatment increases the phosphorylation of myosin light
chain in platelets (46), of |8-adrenergic receptor in avian erythrocytes (41), and of vinculin in 3T3 cells (39). A number of uniden
tified proteins characterized only by their size and subcellular
distribution undergo Pk-C-dependent changes in cells treated
with TPA. In HL-60 cells, TPA induced a decrease in the Pk-Ccatalyzed phosphorylation of a M, 75,000 protein accompanied
by an increased Pk-C-independent phosphorylation of a M,
67,000 protein (47). The mechanisms responsible for these
effects of TPA on HL-60 cells and for the decreased phosphor
ylation of p36 occurring concomitantly with an increased Pk-Cindependent phosphate incorporation into a M, 33,000 protein in
lung extracts after BHT treatment (Fig. 4) may be similar.
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