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SUMMARY 

Friend leukaemic cells (FLC) were induced to 
differentiate with dimethyl sulfoxyde (DMSO), hexamethylen- 
bis-acetamide (HMBA) and sodium butyrate (SB) and the 
phospholipid composition was analyzed. The phospholipid 
composition of differentiated cells differed from that of non 
differentiated cells and also varied according to inducer. 
The ratios of the percentage of phosphatidyl choline (PC) tc 
that of phosphatidyl ethanolamine (PE) or sphingomyelin (SPH) 
increased by about a-fold in DMSO or SB induced FLC. These 
ratios did not vary in HMBA induced FLC. Furthermore the fatty 
acid corhposition of PC and PE obtained from differentiated 
cells varied according to the inducer. Although these changes 
appeared to be related to the inducers, it can not be excluded 
that the differentiated state also contributes to these changes . 

INTRODUCTION 

Friend leukaemic cells (FLC) have been used as 
model for the study of erythroid differentiation (1). They 

(2) 9 To whom request for reprints should be addressed. 
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can be induced to differentiate and synthesize hemoglobin 

in vitro when grown in the presence of a variety of structurally -- 
unrelated agents (2 - 8). Among the agents particularly active 

as inducers are dimethyl sulfoxyde (DMSO), hexamethylen bis 

acetamide (HMBA) and sodium butyrate. Whether or not there is 

a common mechanism of action of the various agents is not yet 

established. However, it is known that the interaction of DXSO 

with phospholipid vesicles increases the phase transition 

temperature (9). Furthermore, DMSO and HMBA also alter the 

fluorescence polarization of FLC membranes (lo), reduce membrane 

permeability for phosphate, uridine and leucine (ll), increase 

agglutinability by lectins (12) and decrease the cell surface 

glycocalix (13). This suggests that their major effect may be 

on the cell membrane. They are few reports on changes of 

membrane components in differentiated cells. Recently changes in 

phospholipid composition have been shown in differentiated mouse 

myeloid leukaemia cells (14). The present study demonstrates 

changes in phospholipid and fatty acid composition of PC and 

PE and that these changes vary with the inducer. 

MATERIALS AND METHODS 

Cells. Friend leukaemic cells were derived from a 
clone of Friend virus transformed cells 745 A. Cells were 
grown in a modified Eagle's spinner medium lacking calcium 
and containing 10 mM sodium phosphate and non-essential 
aminoacids (Joklik modified Eagle's medium, GIBCO). Medium 
was supplemented with 10% fetal calf serum (GIBCO lot n°K 3862015) 
and antibiotics. All cell cultures were incubated at 37°C in 
a CO2 incubator. Stimulation of globin synthesis was obtained 
by growing cells for 4 days in medium supplemented with 280 mM 
DMSO (dimethyl sulfoxyde, Sigma), or 4 mM hexamethylen bis 
acetamide (kindly donated by Y. Gazit) or 1 mM sodium butyrate 
(Merck). Benzidine reactive cells were determined as already 
described (10). 

Lipid extraction and purification. Lipids were 
obtained from cells by several extractions with a chloroform- 
methanol mixture (l:l, v/v). The extract was taken to dryness, 
dissolved in chloroform-methanol (2:1, v/v) and filtered. The 
combined filtrates were subsequently washed once with 0.2 vol. 
of 0.9% KC1 in water and once with 0.5 vol. of methanol-water 
(10:6, v/v) then the washed extract was evaporated to dryness 
under vacuum at 45'C and made up to a known volume of 
chloroform-ethanol (2:1, v/v). 
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Lipid analysis 
Neutral lipids. Neutral lipids were identified after separation 
by thin layer chromatography, along with various known standards 
on silica gel G plates (Merck, Germany) developed with hexane- 
diethyl-ether-acetic acid (90:10:1, v/v). Free and esterified 
cholesterol were assayed according to Zlatkis et al. (15) 
after separation on thin layer chromatography. 

Phospholipids. Phospholipids were separated by two-dimensional 
thin layer chromatography as already described (16). Quantifi- 
cation was measured by determining the phosphorus content (17) 
in each spot after staining with a specific spray reagent (18). 
Total lipid phosphorus was quantified by a modification of 
Bartlett(s method (17). 

Gas chromatography of the fatty acid. Phosphatides (Phosphatidyl 
choline, phosphatidyl ethanolamine and phosphatidyl serine + 
phosphatidyl inositol) were purified on 0.5 mm thick layers 
silica gel H (Macherey Nagel, Darer, Germany) prepared as 
already described (19), with chloroform-methanol-acetic acid 
water (60:30:7:3, by vol.) as developing solvent (20). After 
localization with primuline spray reagent under UV light (21), 
wet silica gel areas containing the phosphatides were rapidly 
scraped into dry screw-capped tubes, and transmethylated with 
methanolic-HCl reagent (22) was conducted according to a slight 
modification of method developed by Blough (23). After extrac- 
tion of the fatty acid methylesters with petroleum ether 
(B-P. 50-60'(Z), gas chromatography was carried out isothermally 
at 19O'C on a 0.22 cm i.d. and 3 m long stainless-steel column 
packed with 10% DEGS p, 80/100 mesh chromosorb W.A.W. The 
peaks were Identified by comparison with standards. Quantitation 
was achieved on the major peaks by the planimetric method. 

Protein determination. The protein was estimated on the 
delipidized residue obtained after lipid extraction. Aliquots 
of the delipidized residue were dissolved in NaOH, N. and the 
amount of protein was determined on a portion of this alkaline 
solution by Lowry's method (24). 

RESULTS AND DISCUSSION 

Friend leukaemic cells were induced to differentiate 
with DMSO, HMHA and sodium butyrate. The benzidine positive (B+) 

cells increased from 0 - 1% to 60 - 70% by the fourth day in 
the presence of each one of these inducers. In order to investi- 
gate changes of membrane components associated with the diffe- 
rentiated state of the cells, lipid, phospholipid and fatty 
acid composition of induced and non-induced FLC were analyzed. 
It is shown (table 1) that in differentiated cells, the phospho- 
lipid to cholesterol molar ratio increased and the amount of 
neutral lipid decreased. The extent of these changes depends 
on the inducer. HMBA appeared to be the most effective. 
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The phospholipid composition of differentiated cells has been 

shown to change according to the inducer (table 2). The relative 

amount of phosphatidyl inositol and diphasphatidyl glycerol, 

(a phosphatide present only in cell mitochondria) increased in 

differentiated cells induced with HMHA whereas it decreased 

when induced with DMSO or sodium butyrate. The phosphatidyl 

choline to phosphatidyl ethanolamine and phosphatidyl choline to 

sphingomyelin ratios increased approximatively 2-fold in DMSO 

or sodium butyrate-induced FLC whereas they did not change after 

HMHA induction (table 2). Furthermore, the fatty acid compo- 

sition of the two main phospholipids PC and PE from diffe- 
rentiated and undifferentiated FLC showed that changes were 

not related to the differentiated state of the cells. The fatty 

acid composition of PC from undtfferentiated cells (table 3) 

showed that about 80 to 90% of the total fatty acids were 

represented by palmitic (16:0), palmitoleic (16:l) and oleic 

(18:l) acids. The polyunsaturated linoleic (18:2) and arachidonic 

(20:4) acids accounted for only 4~5%. In differentiated cells, 

changes occured according to the inducer. DMSO-induced cells 

were mainly characterized by a 2-fold increase of arachidonic 

acid and butyrate-induced cells by a decrease of oleic and linoleic 

acid. No significant changes were observed in HMHA-induced FLC. 

The fatty acid composition of PE purified from undifferentiated 

cells was different from that of PC. A major part (60-70%) was 

represented by palmitic (16:0), stearic (18:0) and oleic (18:l) 

acids. A minor, but important part (18-20%) was represented by 

the polyunsaturated arachidonic (20:4) and ercosapentaenoic (20:5) 

acids (table 4). Various changes occured in differentiated cells 

according to the inducer. Among these changes a 2-fold increase 

or arachidonic acid and about 2-fold decrease of linoleic acids 

in DMSO or butyrate induced FLC, whereas in HMHA induced cells 

only slight changes were obtained. 

These results suggest, therefore, that changes in 

phospholipid composition and their fatty acids are determined 

by the inducer rather than the differentiated state of the cell. 

However, it is not excluded that the differentiated state 

contributes towards these changes. Studies on interactions of 

membrane components and particularly lipid-protein, may provide 

information on the role of membrane components in cellular 

differentiation. 
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