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Activation of protein kinase C (transfer from cytosol to cell membranes) with phorbol
ester increases proliferation of splenic colony-forming units in the bone marrow. Sub-
sequent incubation of bone marrow cells with the factor inhibiting proliferative activity of
early hemopoietic precursors results in the recovery of protein kinase C activity in cell
cytosol and a decrease in proliferative activity.
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The majority of extracellular signals activate or in-
hibit the transmembrane signal systems by regulating
the production of second messengers (cAMP, poly-
phosphoinositides, etc.). These messengers mediate
the effects of agonists by modulating the activities of
relevant protein kinases (cCAMP-dependent protein
kinase, protein kinase C, etc.), which ensure protein
phosphorylation in different compartments of the
cell. Virtually all cell functions are regulated by
activation/inhibition of protein phosphorylation, in-
cluding proliferation and differentiation [3]. Among
numerous protein kinases, Ca?", phospholipid-de-
pendent protein kinase C (PKC) is the most in-
teresting; it is believed to play the key role in many
cellular processes [8].

In quiescent cells, inactive PKC are localized
mainly in the cytosol. After exposure to a signal sub-
stance, the PKC enters the membranes, is activated,
and phosphorylates protein substrates for serine and
threonine residues. The effects of many tumor growth
factors, specifically, phorbol ester (12-O-tetrade-
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canoylphorbol-13-acetate) are realized by direct ac-
tivation of PKC in vitro and irn vive [6]. Like diacyl-
glycerol, phorbol ester causes PKC transfer from the
cytosol into membrane and activates it.

The factor isolated from the bone marrow of
porcine ribs suppresses proliferative activity of the
early hemopoietic precursors [7]. It is probable that
this factor inhibiting proliferative activity of the early
hemopoietic precursors (FIP) is an important physio-
logical regulator of proliferation of splenic colony-
forming units (CFUs). Intracellular biochemical mech-
anisms of inhibitory cffect of FIP are still unknown.
Study of molecular mechanisms of FIP effect will
open new prospects for the use of this factor in
various immunohematological diseases.

MATERIALS AND METHODS

(CBAXCS57BI/6) F, mice aged 3-6 months were used.
FIP was derived from the supernatant of frac-
tionated porcine rib bone marrow,
After purification by chromatography on a reverse-
phase adsorbent, a homogeneous product was ob-
tained, as shown by electrophoresis in polyacrylamide
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gel. The fraction containing the product with a mole-
cular weight of 17 kD was used as inhibitor of CFUs
proliferative activity. FIP in a dose of 0.005 pg/ml
was incubated with the bone marrow cell suspension
in vitro for 4 h, after which the cells were washed in
culture medium. Phorbol ester was used in a dose of
100 ng/ml as PKC activator [9]. The cells were
incubated for 10 min and then washed in buffered
saline.

For measuring the activity of PKC, the sus-
pension of bone marrow cells isolated from the fe-
moral bones was centrifuged for 10 min at 2200g.
Sedimented cells were destroyed with ultrasound in
1 ml of cold buffer A (20 mM Tris-HCI, pH 7.5, 2
mM EDTA, 0.5 mM EGTA, 1 mM PMSF, 5 mM
DTT, and 0.25 M sucrose) and then centrifuged for
1 h at 100,000g. The resultant supernatant was the
source of the enzyme in the cytosol. PKC in the
cytosol was partially purified by chromatography on
DEAE-52 cellulose; 0.4 pg protein was applied onto
a 6X50 mm column equilibrated with buffer B (25
mM Tris-HC], pH 74, 0.5 mM EDTA, 1 mM EGTA,
1 mM PMSF, 5 mM DTT, and 0.25 M sucrose) and
PKC was eluted by a linear NaCl gradient (0-0.4 M)
in buffer B. The fraction was collected in 100 pl
portions. All operations for isolation and purification
of the enzyme were performed at 4°C. PKC activity
in transfer of *2P with [y-*’P]-ATP on histone H, was
measured. For this purpose, phosphatidylserine in a
final concentration of 50 pg/mil and CaCl, in a final
concentration of 0.1 mM were added to 25 ul reac-
tion mixture (0.25 pCi [y-*?P]-ATP, 50 mM KH,PO,,
pH 6.8, 60 mM MgClL,, 0.36 mM ATP, and 10 mg/
ml histone H)). After 10-min incubation at 37°C,
40-ul aliquots were collected and layered onto P-81
phosphocellulose paper (1.7%1.7 cm). The paper was
dried and washed in distilled water [10]. Radioac-
tivity was measured in a Minibeta toluene scintillator
(LKB). Histone H, was isolated as described pre-
viously [5]. Protein content in the samples was mea-
sured as described elsewhere [2].

The amount of actively proliferating CFUs was
assessed by the thymidine suicide method [1].

The results were statistically processed using
Student’s ¢ test.

RESULTS

Protein kinase C is an important regulatory enzyme
participating in the membrane and intracellular signal
transduction.

Our results on the involvement of H, histamine
receptors and, probably, the resultant Ca?" meta-
bolism [4] in the presence of FIP-suppressed CFUs
proliferative activity suggest the participation of PKC
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Fig. 1. Protein kinase C (PKC) activity in the cytosol of bone mar-
row cells. 7) intact bone marrow; 2) after 10-min treatment with phor-
bol ester; 3) after 10-min treatment with phorbol ester and 4-h in-
cubation with the factor inhibiting proliferative activity of early hemo-
poietic precursors. Ordinate: left) 3*P incorporation by the PKC,
rpmx10—3; right) NaCl gradient, M.

in this process. It was unclear whether the mech-
anism responsible for the inhibition of CFUs pro-
liferation depended on the activity of PKC.

The PKC activator phorbol ester was used. Ten-
minute incubation of cells with it is known to sti-
mulate PKC activity [9]. The procedure was as fol-
lows: the bone marrow cell suspension from intact
hybrid mice was incubated with phorbol ester in a
dose of 100 ng/ml for 10 min, after which the cells
were washed in medium 199 and incubated with FIP
for 4 h. Then bone marrow cells were transferred to
lethally irradiated syngeneic recipients, and the per-
centage of CFUs in the phase of DNA synthesis was
assessed by the thymidine suicide method.

Ten-minute incubation with phorbol ester (causing
PKC transfer from the cytosol to cellular membrane
and its activation) [6] stimulated the proliferation of
bone marrow CFUs. The control level of CFUs
proliferation was 11%, and after PKC activation the
percentage of cells in the S-phase of cell cycle. in-
creased to 43%. Incubation with FIP for 4 h de-
creased the proliferative activity of CFUs to 18%.
This level of proliferating cells is higher than the pre-
vious level of bone marrow CFUs proliferation sup-
pressed by FIP, but is significantly (p<0.05) lower
than after incubation with phorbol ester.

In parallel with this, we measured the activity
of PKC in the cytosol of bone marrow cells. Figure
1 shows the profiles of protein kinase activity elution
from the cytosol of intact murine bone marrow, bone
marrow incubated with phorbol ester for 10 min, and
incubated with phorbol ester after a 4-h incubation
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with FIP. The level of PKC was sufficiently high in
the cytosol of intact bone marrow cells with a low
level of CFUs proliferation (11%) (Fig. 1, I), which
is in line with published data [6]. Tumor growth
promoters, for example phorbol ester, specifically
activate PKC, causing its translocation from the
cytosol to cell membranes [9], thus stimulating cell
proliferation. In our experiments, 10-min treatment
of bone marrow cells with phorbol ester resulted in
a notable decrease of PKC content in the cytosol in
comparison with that in intact animals, whose CFUs
are quiescent (Fig. 1, 2). The proliferative activity
of bone marrow CFUs increased to 43%. Four-hour
incubation of phorbol ester-activated (10 min) bone
marrow cells with FIP restored the activity of PKC in
the bone marrow cytosol (Fig. 1, 3). The proliferative
activity of bone marrow CFUs decreased to 18%.
Thus, the observed processes of stimulation/
inhibition of cell proliferation by phorbol ester—FIP
indicate that the antiproliferative effect of FIP can
be realized by modulating PKC activity. Evidently,
the transfer of PKC from the cytosol to cell mem-
brane (as a result of incubation with phorbol ester)
is associated with the entry of bone marrow CFUs
into the DNA production phase, whereas the anti-
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proliferative effect of FIP is probably due to redis-
tribution of PKC in bone marrow cells: the recovery
of PKC activity in the cytosol. All this can be re-
garded as the evidence of involvement of second
messengers, whose activation leads to stimulation of
protein kinases and phosphorylation processes, thus
ensuring a more rapid transfer of the signal into the
cells and realization of FIP effect.
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