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Summary. Modulators of protein kinase C (PKC) were
used to investigate the role of this enzyme during Adriamy-
cin-induced erythroid differentiation of K562 celis. Adri-
amycin (0.1 pum) induced erythroid differentiation in
60% =+ 10% of K562 cells. Phorbol myristate-12-acetate,
an activator of protein kinase C, was strongly anti-pro-
liferative to K562 cells (ICs0, 8 nM) but did not induce
erythroid differentiation. Staurosporine inhibited PKC
from K562 cells (ICs0, 8 nM) and blocked Adriamycin-in-
duced erythroid differentiation, but only at concentrations
marginally below those that inhibited proliferation (ICso,
81 nm). 1-(5-Isoquinolinylsulphonyl)-2-methylpiperazine
(H-7) inhibited K562 PKC (ICs0, 26 uM) but reduced Adri-
amycin-induced differentiation by <50% at concentrations
of up to 600 pum. These data argue against a major role for
PKC during Adriamycin-induced erythroid differentiation
in K562 cells.

Introduction

The induction of tumour cell differentiation represents an
attractive alternative to cytotoxic chemotherapy for the
treatment of a wide range of malignancies [14]. Several
agents induce differentiation in the cell line K562, which
was derived from a patient with chronic myeloid
leukaemia [8]. The cytotoxic agent Adriamycin induces
erythroid-like differentiation in K562 cells [5], whereas the
phorbol ester phorbol myristate-12-acetate (PMA) induces
megakaryocytic-like differentiation [1].

Although Adriamycin is traditionally considered to
exert its anti-proliferative effect through DNA intercala-
tion, it has been proposed that increased inositol lipid me-
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tabolism and activation of protein kinase C (PKC) may be
additional sites of action of this drug [13, 19]. A good deal
of evidence implicates PKC in leukaemia cell differentia-
tion. For example, the human promyelocytic cell line
HL60 differentiates into monocyte/macrophage-like cells
on exposure to PMA (an activator of PKC) [11], and inhib-
itors of PKC block PMA-induced differentiation of HL.60
cells [9, 10]. Since PMA does not induce erythroid differ-
entiation in K562 cells [7], whereas adriamycin does, we
undertook this study to investigate the question as to
whether PKC is involved in the Adriamycin-induced ery-
throid differentiation of K562 cells.

Materials and methods

Materials. Tissue-culture medium RPMI 1640 and foetal calf serum
were purchased from Gibco Ltd. (Paisley, Scotland). 1-(5-Isoquinolinyl-
sulphonyl)-2-methylpiperazine (H-7) was supplied by Sigma (Poole,
Dorset) and staurosporine was obtained from Novabiochem Ltd. (Not-
tingham, UK).

Cell culture. K562 cells were grown at 37°C in RPMI 1640 medium
containing foetal calf serum (10%), glutamine (2 mm), penicillin
(100 TU/ml) and streptomycin (100 pg/ml) under an atmosphere of 5%
COz in air. All agents added to the cells were first sterilized through
0.2-um filters. Treated cells were grown for 5 days. After this time,
differentiation was assessed following benzidine staining [18] by count-
ing between 200-300 cells/data point. Cell number was determined
using a haemocytometer and cell viability was determined by trypan blue
exclusion. Concentrations of agents required to cause 50% inhibition of
cell proliferation (ICs0) were determined using the computer programme
developed by Chou and Chou [2].

Protein kinase C. K562 cells were harvested in the late-log growth phase
and total PKC (soluble plus membrane-bound) was extracted by sonicat-
ing the cells in extraction buffer comprising TRIS buffer (pH 7.2,
20 mm) containing sucrose (0.25 M), ethylene glycol-bis (B-amino ethy!l-
ether)N,N, N, N'-tetraacetic acid (EGTA, 10 mwm), ethylenediamine-
tetraacetic acid (EDTA, 2 mm). Tween-20 (0.1%, v/v) and leupeptin
(40 pg/ml) at 4° C. The sonicate was equilibrated for 30 min and centri-
fuged (100,000 g, 1 h). PKC was partially purified on a DE52 column
(Whatman) and assayed by measuring the incorporation of [y-*2P]-
adenosine 5’-triphosphate (ATP) into histone III-S [6]. ICs¢ values for
PCK were determined according to the dose-effect analysis of Chou and
Chou [2].
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Fig. 1. A. B. Inhibiticn of protein kinase C from K562 cells by A
staurosporine and B H-7. Data represent the means of two experiments.
Mean values between experiments varied by <10% (SEM)

Results

As assessed by benzidine staining, Adriamycin (0.1 pm)
induced erythroid differentiation in 60% =+ 10% of K562
cells at 5 days after treatment without causing significant
cytotoxicity. Continual exposure of K562 cells to the PKC
activator PMA did not induce erythroid differentiation,
although this substance was strongly anti-proliferative to
the cells, showing an ICsg of 8 nMm.

Several inhibitors of PKC, which have been reported to
block the differentiation of leukaemia cell lines, were used
to examine the role of this enzyme during Adriamycin-in-
duced erythroid differentiation of K562 cells. Stauros-
porine inhibited partially purified PKC from K562, dis-
playing an ICso of 8 nM (Fig. [ A). At a concentration of
50 nM, staurosporine blocked the ability of Adriamycin to
induce erythroid differentiation in K562 cells, but this dose
also inhibited the proliferation of the cells (Fig. 2A).
Staurosporine used alone at concentrations of up to 200 nm
did not induce erythroid differentiation in K362 cells.
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Fig. 2. A, B. Effects of A staurosporine and B H-7 on K562 proliferation
(@) (values represent the means + SEM, n = 4) and Adriamycin-induced
erythroid differentiation (O; mean values of two experiments that varied
by <10%)

The protein kinase inhibitor H-7 inhibited K562 PKC,
exhibiting an ICsp of 26 um (Fig. 1 B). This inhibitor did
not significantly reduce Adriamycin-induced differentia-
tion when used at concentrations of up to 600 uMm
(Fig. 2B), nor did it induce differentiation on its own. In
contrast to staurosporine, H7 showed little anti-prolifera-
tive activity against K562 (Fig. 2B) when the two com-
pounds were compared in terms of the concentration re-
quired to inhibit PKC.

Discussion

Our data argue against a major role for PKC during the
Adriamycin-induced erythroid differentiation of K362
cells. PMA did not differentiate K562 cells along the ery-
throid lineage, and the PKC inhibitor H-7 did not block
Adriamycin-induced erythroid differentiation. Although
staurosporine blocked erythroid differentiation, it only did
so at concentrations that inhibited cell proliferation. These
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concentrations would prevent the cycling of cells that is
necessary for the expression of differentiation markers.

It has been suggested that phagocytic differentiation of
HL60 cells may require the activation of both arms of the
inositol lipid pathway, namely PKC and an increase in
intracellular calcium [11]. However, in K562, the diacyl-
glycerol analogue 1,2-dioctanoyl-sn-glycerol did not in-
duce erythroid differentiation either when used alone or
when combined with the calcium ionophore A23 187 (un-
published observations).

Both staurosporine and H-7 inhibit several different
protein kinases [3, 16]. Hence, these agents can be expect-
ed to have multiple effects on cell differentiation and pro-
liferation. Staurosporine is a potent inhibitor of tyrosine
kinase [12]. The abl-encoded tyrosine kinase of K562 cells
is associated with their proliferative capacity [15] and may
conceivably be a site of the anti-proliferative action of
staurosporine. The anti-proliferative effects of stauros-
porine on NIH/3T3 cells probably result from the inhibi-
tion of several protein kinases [17]. We have previously
demonstrated that quercetin, an inhibitor of both PKC and
tyrosine kinases, is also anti-proliferative towards K562
cells [4].
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