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Abstract--We studied the effects of the alkyllysophospholipid 1-octadecyl-2-O-methyl-sn-glycerol-3- 
phosphocholine (ET-18-OCH3) on membrane associated protein kinase C (PK-C) activity in ET-18- 
OCH3 sensitive HL-60 cells and in two resistant cell types, Me2SO differentiated HL-60 cells and K562 
cells. HL-60 cells expressed a lower PK-C activity level compared with both resistant cell types. 
However, membrane-bound PK-C activity in the sensitive HL-60 cells was approximately 3-fold 
increased in the presence of ET-18-OCH 3, whereas in differentiated HL-60 cells and K562 cells PK-C 
was not influenced by ET-18-OCH3. The increase in PK-C activity in HL-60 cells was not due to 
translocation of cytosolic PK-C or synthesis de novo. The effect of ET-18-OCH3 on kinetic parameters 
of PK-C in all three cell types was investigated in order to elucidate the nature of the ET-18-OCH3 
effects on PK-C activity in both sensitive and resistant cell types. A functional relationship between 
PK-C level and effect of ET-18-OCH3 on PK-C activity in the different cell types could not be found. 
Moreover, cells depleted of PK-C activity showed similar sensitivity or resistance to ET-18-OCH3 as 
cells expressing PK-C activity. These results suggest that a role of PK-C in the cytotoxic action of ET- 
18-OCH 3 is very unlikely. 
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The alkyllysophospholipid ET-18-OCH3,t  a syn- 
thetic analog of 2-1ysophosphocholine, exhibits 
selective antineoplastic activity [1-3]. The mech- 
anisms by which this cytotoxicity is accomplished 
are still unknown and therefore no explanation for 
its selectivity towards neoplastic cells is found yet. 
In recent years it has become clear, however,  that 
the plasma membrane  is the main target for the 
cytotoxic action of ether lipids. Several investigators 
pointed at a disturbed phospholipid metabolism in 
plasma membranes  after ET-18-OCH3 incorporation 
[4, 5]; influences on membrane  fluidity [6, 7] and 
permeabilization are also reported [8, 9]. Recently,  
Bazill and Dexter reported that endocytosis may 
play a role in the selective cytotoxic action of ether 
lipids [10]. 

The role of protein kinase C (PK-C) in the 
biological activity of alkyllysophospholipids has been 
subject to many investigations in the past years [11- 
14]. PK-C belongs to a large family of closely related 
proteins with multiple subspecies. The enzyme is 
present in the cytosol in inactive conformation.  After  
receptor-mediated hydrolysis of phosphatidylinositol 
bisphosphate, resulting in an increase in intracellular 

* Corresponding author: G. Rijksen, Department 
of Hematology, Laboratory of Medical Enzymology, 
University Hospital Utrecht, P.O. Box 85500, 3508 GA 
Utrecht, The Netherlands. Tel. (31)30507602; FAX 
(31)30511893. 

t Abbreviations: Me2SO, dimethylsulfoxide; ET-18- 
OCH3, 1-octadecyl-2-O-methyl-sn-glycerol-3-phospho- 
choline; PK-C, protein kinase C. 

Ca 2+ and diacylglycerol in the lipid bilayer, PK- 
C becomes tightly associated with the plasma 
membrane.  Once associated with the plasma 
membrane  PK-C specific substrates interact with the 
substrate binding site on the catalytic subunit.  The 
kinase-substrate-phospholipid complex possesses a 
high degree of cooperativity and specificity (for a 
review see Ref. 15). The enzyme plays a crucial 
role in several important  cellular activities including 
t ransmembrane signaling, growth and differenti- 
ation. The inhibitory effect of ET-18-OCH3 on the 
PK-C activity was suggested as one of the mechanisms 
by which ET-18-OCH3 exerts its cytotoxic effects. 
The majority of the investigations focussed on the 
effects of ether lipids on (partially) purified PK-C 
from various sources [11-13]. In quoted reports PK- 
C activity was measured in a cell-free system with 
histon as a substrate and an artificial membrane  
system (liposomes consisting of a mixture of 
phosphatidylserine and diacylglycerol) as cofactors. 
As the plasma membrane  is known to be the main 
target for the biological activity of ether lipids and 
PK-C is activated when associated with the plasma 
membrane,  we decided to investigate the effect of 
ET-18-OCH3 on the PK-C activity while the enzyme 
was still in its native phospholipid environment .  As 
we reported earlier [16], in HL-60 cells there seems 
to be a major  difference in the effect of ET-18- 
OC H 3 on PK-C activity when PK-C is either 
(partially) purified or still associated with the plasma 
membrane.  Purified PK-C was inhibited by ET-18- 
OC H 3 when the latter was added as micelles to the 
assay mixture, whereas PK-C in the membrane-  
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associated state was activated after prior incubation 
with ET-18-OCH3. The ET-18-OCH3-induced 
increase in PK-C activity was not due to translocation 
of PK-C from the cytosol to the plasma membrane 
nor to synthesis de novo [16]. 

In the present study we addressed the question of 
whether PK-C in sensitive HL-60 cells is differently 
affected by E%18-OCH3 compared with two 
relatively ether lipid-resistant cell types, the (Me2SO- 
induced) differentiated HL-60 cells and K562 cells, 
an erythroleukemic cell line, thereby investigating 
whether the PK-C activities in both types of cell 
lines (before and after ET-18-OCH3 incubation) 
were functionally related. To examine whether PK- 
C was differently affected by ET-18-OCH3 in the 
sensitive and resistant cell lines, we performed some 
kinetic experiments involving the affinity of PK-C 
for the PK-C specific synthetic substrate [SerZ5]pK - 
C(19-31), also to elucidate further the nature of the 
PK-C activation bv ET-18-OCH3 found in HL-60 
cells. The specificity of the substrate was affirmed 
by using the corresponding pseudosubstrate [Ala>l - 
PK-C(19-36) as a specific inhibitor and subsequently 
the various inhibitory constants of the pseudo- 
substrate were determined in the three cell lines 
before and after ET-18-OCH 3 incubation. To 
elucidate the question of whether PK-C plays a role, 
or no role at all, in the cytotoxic effect of ET-18- 
OCH 3, PK-C activity in the three cell types was 
inhibited with staurosporine prior to performing a 
cytotoxicity assay with increasing amounts of ET- 
18-OCH 3. The results show clearly that, although 
ET-18-OCH3 affects PK-C activity in HL-60 cells, 
PK-C itself is not essential in the cytotoxic action of 
ET-18-OCH3 in the above mentioned cell lines. 

MATERIALS AND METHODS 

Materials. All materials used for cell culture were 
obtained from Gibco (Grand Island, NY, U.S.A.). 
ET-18-OCH3, phorbol 12-myristate 13-acetate 
(PMA), Me2SO, aprotinin and leupeptin were 
purchased from Sigma Chemical Co. (St Louis, MO, 
U.S.A.). Phenylmethylsulfonyl fluoride (PMSF) 
was supplied by Merck (Darmstadt, Germany). 
Calpain inhibitor-I and staurosporine were from 
Boehringer (Mannheim, Germany) and protein 
kinase C synthetic peptide substrate [Ser25]pK-C(19- 
31) and inhibitor peptide PK-C(19-36) were obtained 
from Bissendorf Biochem. (Hannover, Germany). 
[y-32p]ATP (3000Ci/mmol) was purchased from 
New England Nuclear (Boston, MA, U.S.A.). 

Cell lines. The cell lines HL-60 (promyelocytic cell 
line) and K562 (erythroleukemic cell line) were 
obtained from the American Type Culture Collection 
(Rockville, MD, U.S.A.) and grown in suspension 
in RPMI 1640 medium, containing 10% FCS (heat- 
inactivated), 2 mM glutamine, penicillin (100 units/ 
mL) and streptomycin (100/~g/mL) at 37 ° and 5% 
CO,. HL-60 and K562 cells were grown in log-phase 
and'harvested routinely. Differentiation of the HL- 
60 cells was initiated by adding Me2SO to a final 
concentration of 1.2%. During the differentiation 
experiments the cells were recultured after 3 days 
at a concentration of 3 × 105/mL in fresh media 
containing all supplements and MezSO. The extent 

of differentiation was assessed by reduction of 
nitroblue tetrazolium dye (NBT) assayed as described 
by Collins et al. [17]. 

Assay o f  protein kinase C activity. Cells (approx. 
6 × 107), before and after 4hr  of ET-18-OCH~ 
treatment (20~g/mL, viability of the K562 cells 
>90%, HL-60 cells >80% after ET-18-OCH~ 
treatment), were washed twice with cold phosphate- 
buffered saline (PBS) and resuspended in 1 mL of a 
hypotonic extraction solution containing 5mM 
MgCI 2, 1 mM NaHCO3, i mM PMSF, 1 ItM calpain 
inhibitor-I and 50/~g/mL leupeptin, pH 7.5. After a 
10 min incubation on ice, the cells were disrupted 
by ultrasonication at 4 ° with a Branson sonifier 
(50W, 5 sec). The cell lysate was centrifuged at 
800g for 5 min to remove nuclei and cell debris and 
subsequently centrifuged at 48,00()g for 30min tit 
4 °. The 48,(100g pellet fraction was resuspended m 
a small volume of PK-C assay buffer (1501tL) 
consisting of 30 mM Hepes-KOH, pH 7,5 containing 
a final concentration of 5 mM magnesium acetate. 
The assay mixture, with a final volume of 50 !d,, 
consisted of assay buffer (final concentration of 
30 mM Hepes and 5 mM magnesium acetate), 25 !tM 
[SerZSIpK-C(19-31) and 10~tL membrane fraction. 
The reaction was started with 20ltM [~:P]ATP 
(1.1 x ll/Ocpm) and the reaction mixture was 
incubated for 3min at 30 ° . The reaction was 
stopped by the addition of 5 ItL acetic acid (99.8Q). 
Subsequently the membrane fraction was pelleted 
by 5 rain centrifugation and aliquots of thc 
supernatant were spotted in duplicate on PSI liltcr 
papers. Excess radioactivity was washed from the 
filters in a 75mM 1-13PO4 solution (five times 
refreshment). The remaining radioactivity was 
determined with Optifluor in a liquid scintillation 
counter. In the kinetic studies identical PK-C assay 
mixtures were used, except for the synthetic peptide 
substrate concentration, which was used as indicated 
in the figures. In the inhibition studies a substratc 
concentration of 0.5 pM [SereS]PK-C(19-31) was 
used with increasing concentrations of inhibitory 
peptide [Ala25]pK-C(19-36). as indicated in thc 
figures. The kinetic parameters were calculated using 
the Elsevier BIOSOFT Enzfitter data analysis 
program. 

Protein determination. Triton X-100 was added to 
the membrane-associated PK-C fraction with a final 
concentration of (I.5%. The mixture was sonicated 
for 10see with a Branson sonifier and kept on ice 
for 30 min. Protein concentrations were determined 
according to Bradford [18] with bovine serum 
albumin as a standard. The final concentration of 
Triton X-100 did not influence the protein 
determination. 

ET-18-OCH3 c3'totoxicio' assay. Undifferentiated 
and differentiated HL-60 cells and K562 cells were 
incubated with (/, 10, 20 and 50 !tg ET-18-OCH3/mL 
culture medium for 24hr at 37 ° and 5% CO, 
humidified atmosphere in a 24-well multidish (Nunc, 
Denmark) containing a final volume of 1 mL/well 
and a final cell concentration of 2 × l f f ' /mL. Viability 
of the cells was determined by Trypan blue dye 
exclusion. The proliferative capacity of the cells was 
analyzed by [3H]thymidine incorporation in a 96- 
well mulfidish. After 24 hr incubation with ET-18- 
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Fig. 1. Cytotoxic effect of ET-18-OCH 3 on HL-60 cells at 
various stages of differentiation. ([2) Undifferentiated HL- 
60 cells; ( I )  after 1 day; ((3) after 2 days; and (Q) after 7 
days of exposure to 1.2% MeeSO. Results are mean values 
from three separate experiments each determined in 
triplicate (SE was always <10%). Control values (1005;; 
viable cells) represent viability of cells treated with Me,SO 

in the absence of ET-18-OCH~. 

OCtt3 in the concentrat ion ment ioned above,  
l ~ C i  of [-~H]thymidine (Radiochemical  Centre ,  
Amersham,  U .K. )  was added to 105 cells/microwell  
for 1 hr at 37 ° and 5% CO2. Cells were 
harvested with a mult isample culture harvester and 
incorporated radioactivity was determined with a 
liquid scintillation counter.  

OCH3-sensitive HL-60 cells with that of both the 
(relatively) resistant cell lines K562 and MezSO- 
induced differentiated HL-60 cells. HL-60 cells obtain 
morphologically and biochemically granulocytic 
properties after MeeSO induction [19]. The increase 
in differentiation is associated with a decline in 
sensitivity towards the cytotoxic activity of ET-18- 
OCI--I.~ according to Vallari et al. [20] and our own 
observations,  as shown in Fig. 1. At  day 7 of 
differentiation 90% of the cells were NBT positive. 
Me2SO-differentiated cells appear to be significantly 
less sensitive to the cytotoxic action of the ether  
lipid. Af ter  24hr  ET-18-OCH~ incubation period 
the T1/2 kill was obtained at doses increasing from 
6 / l g / m L  for control cells to 8, 12 and 23 l lg /mL for 
cells of day 1,2 and 7 of differentiation, respectively. 

PK-C activity was measured when the enzyme was 
still associated with its native membrane ,  in the 
presence of a specific synthetic peptide substrate, 
MgCI2 and radiolabeled ATP.  The two ET-18-OCH3 
resistant cell lines expressed a higher PK-C activity 
compared to the undifferentiated HL-60 cells as 
shown in Fig. 2. Membrane-associated PK-C 
represented approx. 10-15% of total cellular PK- 
C activity. Addition of calcium (0.5raM final 
concentration) and phorbol ester ( I I ,  M final 
concentration) to the assay mixture did not result in 
an increase in PK-C activity in all three cell lines. 
In the same experiment  we analysed the effect of 
the calcium chelator E G T A  on the PK-C activity in 
the membrane  fraction of the three cell types. E G T A  
in a final concentration of 0.5 mM had no influence 
on the PK-C activity in the undifferentiated and 
differentiated HL-60 cells: in K562 cells, however ,  
PK-C activity was markedly reduced by E G T A  (Fig. 
2). 

RESULTS 

PK-C activity in HL-60 cells, differentiated HL-60 
cells attd K562 cells 

We compared the PK-C activity in the ET-18- 

Effect o f  ET-18-OCH3 on PK-C activiLv 

Incubation of the three cell lines with ET-18- 
OCH3 (20,ug/mL for 4 hr) induced an increase in 
PK-C activity in the undifferentiated HL-60 cells. 
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Fig. 2. PK-C activity in the membrane fraction of ttL-60 cells, differentiated HL-60 cells and K562 
cells. PK-C activity was determined under three different conditions: no extra additions m the PK-C 
assay mixture (dotted bars), addition of 0.5 mM (7'a :+ and l ttM PMA (open bars) and addition of 
0.5 mM EGTA to the reaction mixture (hatched bars). PK-C activity is expressed in pmol/min/mg 

protein. Values represent the means of live independent experiments +SD. 
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Fig. 3. PK-C activity in the membrane fraction of HL-60, differentiated HL-60 and K562 cells before 
(open bars) and after (hatched bars) 4hr 20Fg ET-18-OCH3/mL incubation, both in the absence 
(dotted bars) and presence (condensed dotted bars) of 25 uM pseudosubstrate [AIa251PK-C(19-36 ). 
PK-C activity was determined as described and is expressed in pmol/min/mg protein. VaLues represent 

the means of five independent experiments +SD. 
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Fig. 4. PK-C activity in the membrane fraction of HL-6() cells (A) and differentiated HL-60 cells (B) 
as function of the [Ser25]PK-C(19-31) substrate concentration before (open symbols) and after (closed 
symbols) 4 hr 20/*g ET-18-OCH3/mL incubation. Figure 4 reflects one representative sample out of 

three experiments. PK-C activity is expressed in pmol/min/mg protein. 

PK-C activity in the membrane  fraction of  
differentiated HL-60 cells and K562 cells remained 
unchanged after 4 hr of  ET- 18-OCH3 treatment (Fig. 
3). Similar to ET-18-OCH~-untreated cells (Fig. 2), 
addition of  calcium and phorbol ester to the PK-C 
assay mixture of  ET-18-OCH3-treated cells did not 
result in an increase in PK-C activity. Moreover,  
E G T A  affected PK-C activity of  ET-18-OCH3- 
treated cells identically to untreated cells; only PK- 
C of K562 cells was inhibited (data not shown).  As  
the PK-C activity increased 3-fold in HL-60 cells 
after ET-18-OCH3 incubation, and as this increase 
in activity could not be explained by synthesis d e  

n o v o  nor translocation of  the enzyme  [16], we 
decided to analyse the kinetic behavior of  the 
enzyme towards its substrate before and after ET- 

18-OCH~ treatment of  the three different cell types. 
The affinity of PK-C for [Ser25]PK-C(l%31) was 
tested in the PK-C assay mixture as described above 
with increasing substrate concentrations as indicated 
in the figures. The results of the kinetic experiments 
are shown in Fig. 4 and again an approx. 3-fold 
increase in PK-C activity after ET-18-OCH3 
incubation is seen in undifferentiated ttL-60 cells 
but not in differentiated HL-60 cells or K562 cells. 
The level of PK-C activity in the K562 cells is very 
similar to that of the differentiated HL-60 cells (not 
shown).  The V ..... and Km values as calculated with 
the Elsevier B I O S O F T  program are shown in Table 
1. The Michael is-Menten constant of  differentiated 
HL-60 cells is slightly lower in ET-lg-OCH3-treated 
cells, whereas the constants of undifferentiated HI,- 
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Table 1. Kinetic parameters of PK-C 

Vmax* Kin* 
Cell line ET-18-OCH3 pmol/min/mg protein /~M 

HL-60 - 34.5 -+ 1.8 0.52 +- 0.12 
+ 113 -+ 3.4 0.54 + 0.07 

HL-60 diff. - 54.5 + 0.7 0.87 + 0.05 
+ 55.1 + 1.8 0.48 -+ 0.07 

K562 58.8 -+ 1.4 1.34 -+/).12 
+ 54.0-+ 1.5 1.34 -+ 0.14 

* Maximal activity and Michaelis-Menten constant determined as described in 
Materials and Methods and calculated by the Elsevier BIOSOFT Enzfitter data 
analysis program. 
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Table 2. Inhibition of PK-C activity in HL-60, differentiated 
HL-60 and K562 cells by the specific inhibitor [AIa25]PK - 

C(19-36) 

Cell line ET-18-OCH3 Icso* % Activity? 

HL-60 1.1 0.5 
+ 0.7 0.5 

HL-60 diff. - 1.2 2 
+ 0.8 4 

K562 - 1.5 15 
+ 1.2 10 

"1c50 represents the inhibitor concentration (in ~M) at 
which half maximal activity is measured as described in 
Materials and Methods. 

~ The percentage PK-C activity determined at a 
concentration of 25 ~M inhibitor, Vmax (without inhibitor) 
is taken as 100%. 

60 cells and K562 cells are similar in cells with or 
without ET-18-OCH3. The Km values of the K562 
cells are significantly higher than the values of both 
HL-60 cell types. 

Inhibition of  PK-C activity with the pseudosubstrate 
[ Alazs]P K-C(19- 36 ) 

The synthetic peptide substrate used in the PK-C 
assay system is the pseudosubstrate  sequence of PK- 
C with Ser 25 substituted for Ala  25, as described by 
House  et al. [21]. The  unmodif ied pseudosubstrate 
is a very potent  and specific inhibitor of PK-C. We 
used the pseudosubstrate  as a compet i t ive inhibitor 
in the PK-C assay system. The goal was 2-fold, firstly 
to investigate the specificity of the assay system, and 
secondly to determine  the ICs0, defined as the 
inhibitor concentrat ion at which 50% inhibition is 
obtained, of the three cell lines before and after ET- 
18-OCH3 treatment .  The results are shown in Table 
2. At  a concentrat ion of 0.5 g~M [Ser25]PK-C(19-31) 
and increasing amounts  of inhibitor an almost 
complete inhibition of PK-C activity was found in 
all cell types, except for K562 cells in which a small 
amount  of residual PK-C activity was present.  The 
presence of ET-18-OCH3 in the plasma membrane  
had no influence on the rate and degree of inhibition. 

Table 3. Effect of staurosporine on PK-C activity in HL- 
60 and K562 cells after 4 hr incubation 

PK-C activity 
Staurosporine 0 20 nM 50 nM 

HL-60 34.7 _+ 3.7 5.1 3.4 
HL-60 diff. 52.9 _+ 4.9 3.5 5.9 
K562 56.7 +_ 5.7 3.9 2.1 

The PK-C activity is expressed in pmol/min/mg protein. 
Values represent the means +-SD of five experiments 
(0nM staurosporine) or the mean of two independent 
experiments performed in duplicate (20 and 50nM 
staurosporine). 

Inhibition of PK-C by staurosporine and its effect on 
ET-18-OCH3 cytotoxicity 

The dual effect of ET-18-OCH3 on PK-C activity 
in the sensitive and resistant cell types and the higher 
level of PK-C activity in the latter made us question 
whether  there is any involvement  of PK-C in the 
cytotoxic action of ET-18-OCH3 at all. For  that 
reason we inhibited the PK-C activity in HL-60 cells 
and K562 cells with staurosporine. Af te r  4 h r  of 
incubation with 50 nM staurosporine the membrane-  
bound PK-C activity in both cell types was completely 
inhibited (Table 3). Viability of the cells was 
determined after 24hr  of staurosporine t reatment  
with trypan blue dye exclusion. As shown in Fig. 
5A, the viability of the HL-60 cells was not influenced 
by the staurosporine whereas that of K562 cells 
dropped to 70% and 35% at 2 0 n M  and 50nM,  
respectively. The [3H]thymidine incorporat ion was 
markedly reduced in HL-60 and almost diminished 
in K562 cells after 24 hr of staurosporine (Fig. 5B). 
The killing potential of ET-18-OCH3 in PK-C- 
inhibited cells was determined with the cytotoxicity 
assay as described above and compared with that of 
control HL-60 and K562 cells. Cells were pretreated 
for 4 h r  with 50 nM staurosporine in the culture 
medium, whereafter  increasing amounts of ET-18- 
OCH3 were added. After  24 hr viability and [3H]- 
thymidine incorporation were determined.  Strik- 
ingly, both PK-C-inhibited cells and control cells 
exhibited an identical percentage of survival (Fig. 



Fig. 5. (A) Percentage survival of HL-60 cells (dotted bars) and KS62 cells (hatched bars) alter 2-l hr 
incubation with 20 and 50 nM staurosporine, determined by trypan hluc dye exclusion. (H) Effect 01 
staurosporinc on [‘Hlthymidine incorporation in HL-60 cells (dotted bars) and KS62 cells (hatched 
bars). Values are expressed as percentage ccl1 survival and [‘H]Tdr incorporation of control values (in 

the absence of staurosporine) and represent the mean of four independent experiment\ -?SD. 
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Fig. 0. (A) The effect of ET-1%OCHi on the viability of HL-60 (squ;irea) and KW cells (circlej) 
without ataurosporinc (open symbols) or with staurosporine (SO nM for 4 hr. cloyed <ymhol\) in the 
culture medium. Values are cxprcssed as percentage of control values (in the ahsencc 01 E’I’-18-C)(‘H~ 
and staurosporinc). Values represent means of at least four independent experiments with SD alway\ 
~15°C. (H) [‘H]Thymidine incorporation of HL-60 cellh and KS62 cclk (\ymhol\ as dc\crihcd in Fig. 
hA). Values are expressed as percentage of control values (in the ahscnce of ETIX-OCFf; and 
ataurosporinc). Value5 reprcaent n~e:mb of at least four indepsndent cxperimenta with SD aIu.av\ 

hA). The [“Hlthymidine incorporation in PK-C- 
inhibited HL-60 cells was approx. 40% compared 
to control cells: however. treatment with both 
staurosporine and ET-IX-0CH3 reduced the incor- 
poration to below 1% of the control value. The 
incorporation of [311]thymidine in PK-C-inhibited 
KY32 cells was very low (approx. 5%). and was also 
reduced to less than 1% after combined incubation 
with ET-18-OC~14 (Fig. 6B). 

HL-60 cells are very sensitive to induction with 
Me$O and they follow the myeloid pathway of 
hematopoietic differentiation. The increase in 
differentiation is associated with a decline in 

sensitivity towards the cytotoxic activity of ET- IS- 
OCl& (Fig. I) in agreement with the findings of 
Vallari et ~1. [ZO]. The difference in resistance to 
ET-1%0CH3 is most pronounced at a concentration 
of 20 Lcg/mL. At this concentration 95’; of the 
undifferentiated cells are killed. in contrast to onI\ 
approu. 53% of the more mature cells (after 7 davs 
of Me$O incubation). 

The activity of membrane-bound PK-C‘ in the 
ether lipid-resistant cell lines. K562 and differentiated 
HL-60, is approx. 2-fold higher compared to PK-C‘ 
in the sensitive HI.-60 cells (Fig. 2 and Table I ). 
From the literature it is known that differentiated 
HL-60 cells (after both PMA- and MelSO-induced 
differentiation) express a higher PK-C activity in the 
cytosol and lnernhrane fraction [X. 2.31, In that cas;c. 
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however, PK-C activity was measured in a solubilized 
membrane preparation with histon as (a relatively 
aspecific) substrate, and an artificial membrane 
structure composed of phosphatidylserine and 
diacylglycerol. In our PK-C assay system, which is 
a modification of the method of Chakravarthy et al. 
[24], we can measure PK-C activity still associated 
with the plasma membrane, in the presence of its 
native phospholipid cofactors using a specific peptide 
substrate. This method enabled us to investigate the 
ET-18-OCH3 effect on PK-C activity while the 
enzyme was still associated with the plasma 
membrane, mimicking the in vivo situation far more 
than the conventional PK-C assay systems. 

As addition of phorbol ester and Ca 2+ had no 
increasing effect on the PK-C activity as shown in 
Fig. 2, we can conclude that the membrane-bound 
PK-C fraction in all three cell types is already in 
fully active conformation. This is in agreement with 
the findings of Chakravarthy et al. [24]. Also, 
addition of phosphatidylserine to the PK-C assay 
mixture did not increase the enzyme activity (data 
not shown). The addition of the calcium chelator 
EGTA to the reaction mixture dramatically 
decreased the PK-C activity in K562 cells, but not 
in both undifferentiated and differentiated HL-60 
cells. This suggests a major difference in affinity for 
Ca 2+, a cofactor of PK-C. A possible difference in 
PK-C subtype expression in K562 cells might explain 
this phenomenon. 

In answer to our question of whether PK-C 
activity in ether lipid-resistant cell lines K562 and 
differentiated HL-60 cells is influenced by ET-18- 
OCH3 as reported for the ether lipid-sensitive HL- 
60 cells [16], we can conclude the following: the 
presence of the ether lipid in the membrane fraction 
of differentiated HL-60 cells or K562 cells is not of 
influence on the membrane-bound PK-C activity 
(Fig. 3). As reported earlier, the increase in PK-C 
activity in the membrane fraction of HL-60 cells was 
not due to translocation from the cytosol nor 
synthesis de novo [16]. From Fig. 4 and Table 1 it 
is clear that this increase in activity is also not 
explained by a change in the affinity of PK-C for its 
specific substrate after ET-18-OCH 3 treatment. The 
question remains open as to whether the affinity of 
the enzyme for its phospholipid cofactors is changed 
by the presence of ET-18-OCH3; unfortunately, 
extracting PK-C from the plasma membrane will 
also disintegrate ET-18-OCH 3 from the membrane 
and therefore its effect on PK-C. Although we 
performed kinetic experiments with an enzyme 
preparation which is still incorporated in the 
membrane structure and under influence of 
(unknown) phospholipid cofactors instead of a 
purified enzyme preparation, which is more 
commonly used in kinetic analysis, the enzyme was 
obeying Michaelis-Menten kinetics (Fig. 4). The 
higher Km value found in the K562 cells might point 
again at a difference in PK-C subtype compared 
with the HL-60 cells. 

The specificity of the PK-C substrate was confirmed 
using the Ala 25 pseudosubstrate of PK-C as a 
competitive inhibitor. The Its0 as shown in Table 2, 
was nearly identical before and after ET-18-OCH3 
treatment in all three cell types. This is in agreement 

with the results of the kinetic experiments in which 
the K,n values for ET-18-OCH3 of untreated and 
treated cells were identical, except possibly for the 
differentiated HL-60 cells which expressed a slightly 
higher affinity for the peptide substrate in the 
presence of ET-18-OCH3. 

These results made us question whether the 
increase in PK-C activity in HL-60 cells after ET- 
18-OCH 3 treatment and the nonresponsiveness of 
PK-C in both resistant cell types (also expressing a 
higher level of PK-C activity) to the ether lipid were 
functionally related. As the above mentioned data 
are rather conflicting, and as it is generally assumed 
that PK-C is inhibited by ET-18-OCH3, we decided 
to determine the cytotoxic effect of ET-18-OCH3 in 
HL-60 and K562 cells depleted of PK-C activity. 
PK-C activity in the membrane fraction was 
completely inhibited after 4 hr of 50 nM staurosporine 
in the culture medium (Table 3). The 35% survival 
of the K562 cells after 24 hr 50 nM staurosporine 
(Fig. 5a), implies a role for PK-C in the basic 
metabolism of K562 cells in contrast to HL-60 cells 
which seem to be far less dependent on PK-C for 
their survival. From the [3H]thymidine incorporation 
experiments (Fig. 5b), it can be concluded that, in 
both cell lines, activity of PK-C is essential for the 
proliferative capacity. 

Strikingly, the cytotoxic effect of ET-18-OCH 3 on 
HL-60 and K562 cells pretreated with staurosporine 
(50 nM for 4 hr), was identical to the control cells 
(Fig. 6a). These results suggest that the presence of 
PK-C activity in the membrane fraction of HL-60 
and K562 cells is essential for the proliferative 
capacity of the cells, but more importantly in the 
present context not essential for the cytotoxic action 
of ET-18-OCH3. 

Taken together, a functional relationship between 
the cytotoxic action of ET-18-OCH3 and its effect 
on PK-C in the above-mentioned cell lines is very 
unlikely. As ET-18-OCH3 is also capable of inducing 
differentiation of HL-60 cells [25], the increase in 
PK-C activity in HL-60 cells after ET-18-OCH3 
treatment might be explained as an early event in 
the process of differentiation. On the other hand, it 
is very well possible that differences in the PK-C 
subtype composition in undifferentiated HL-60 cells 
and differentiated HL-60 cells, as reported by 
Hashimoto [26], and K562 cells are partly responsible 
for the results as presented in this paper. The 
mechanism(s) responsible for the cytotoxic action of 
the ether lipids are still unknown and a possible role 
for PK-C, however, seems highly questionable. 
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