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1. Introduction 

Since the development of the concept of the cell 
membrane as a mosaic of lipid bilayer and globular 
protein [ 1,2] , there has been much interest in the 
relationship between cell properties associated with 
the plasma membrane and the composition and 
physical state of the membrane lipids. One such 
property is the activation of lymphocytes to blast 
cells by antigens and lectins such as concanavalin A 

(Con. A) or phytohaemagglutinin. This has been 
associated with the movement of receptor molecules 
which are probably partially embedded in the plasma 
membrane. These receptors are normally randomly 
distributed over the surface, but rapidly aggregate into 
patches and caps after antigen or lectin binding 
[3-61. This does not occur at low temperatures 
where the decreased fluidity of the membrane lipids 
presumably restricts the motion of proteins embedded 
in them. As Con. A does not have to cross the cell 
membrane to stimulate the lymphocyte [7], informa- 
tion must be transmitted across it and it is for this 
reason that the movement of surface-bound activat- 
ing molecules is of interest. 

We have studied, amongst other processes, the 
effects of increasing the cholesterol content of the 
lymphocyte upon its activation by lectins. The sterol 
content of the cells was raised by incubation with 
liposomes of high cholesterol content. The extra 
cholesterol was present, at least in part, in the plasma 
membrane. Such treatment does not alter the ability 
of the cells to bind Con. A but it markedly suppresses 
their subsequent activation to blast cells. 
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2. Materials and methods 

Egg phosphatidylcholine preparation, lipid extrac- 
tion, estimation of phospholipid, cholesterol and 
protein were as previously described [8,9]. Con. A 
was obtained from Sigma, London and labelled with 

[3H]acetic anhydride by the method of Miller and 
Great [lo] to give a specific activity of 3.45 pCi/mg. 

[3 H] acetic anhydride and [ 3 H] thymidine were from 
the Radiochemical Centre, Amersham. 

All incubations were carried out in Eagle’s Medium 
(B.D.H., Poole) supplemented with 10% calf serum. 
Lymphocytes were prepared from fresh bovine 
mesenteric lymph nodes [ 111 and the plasma mem- 
brane fraction isolated from them by the method 
of Lopes et al. [ 121. This fraction showed per mg of 
protein a 6- 1 O-fold increase in cholesterol, ouabain- 
sensitive ATPase and 5l -nucleotidase over the original 
cells. Liposomes containing 1.3-2 mol of cholesterol 
per mol of phosphatidylcholine [ 131 were used to 
enrich the lymphocytes with cholesterol. For this, 
about lo7 cells were incubated overnight at room 
temperature with about 15 pg of liposome phospholip- 
id per ml of medium. 

Lymphocyte activation was determined by measur- 
ing the uptake of [3 H] thymidine after 48 hr incuba- 
tion with various concentrations of Con. A [ 141. Cell 
viability was assessed from Trypan Blue exclusion 
1 min after addition of a 1% solution of the dye. 

3. Results and discussion 

3.1. Enrichment of cells and their membranes 
The bovine lymphocytes used in these experiments 
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contained about 22 pg of cholesterol/mg protein. 
After incubation overnight with the liposomes, this 
was increased by 14 to 88% in a series of experiments. 
Cells heavily enriched (i.e. > 50%) with cholesterol 
showed no activation by Con. A (or by phytohaemag- 
glutinin). However, it was noted that although these 
cells still excluded the vital stain, their basal level of 
thymidine uptake was much reduced. This could be 
because the extra sterol inhibits thymidine uptake, 
as cholesterol does decrease membrane permeability 
[ 1.51. On the other hand, it seemed possible that 
the heavy loading with cholesterol was damaging to 
the cells so the results given here are only for enrich- 
ments of < 50%. Shinitzky and Inbar [ 161 have also 
recently used liposomes to enrich lymphocytes with 
cholesterol, but their preparations contained smaller 
proportions of cholesterol and the incubation period 
was much shorter. Thus their cells were enriched with 
cholesterol by only about 16%. A similar increase 
was obtained here with liposomes of low sterol 
content. 

Two experiments were carried out in which the 
plasma membrane fraction was isolated after incuba- 
tion of lymphocytes with the liposomes. The results 
given in table 1 show that an appreciable proportion 
at least of the extra sterol taken up by the lymphocytes 
is in the plasma membrane. 

This fraction probably contains the bulk of the 
cholesterol of animal cells and its content is increased 
in the two experiments by 40-46%. The cholesterol/ 
phospholipid ratio of the plasma membrane fraction 

from the untreated lymphocytes is like that obtained 
by Demus from human lymphocytes [ 171 but is 

lower than that obtained from pig lymphocytes [ 11, 

Table 1 
Enrichment of lymphocyte plasma membrane fraction with 

cholesterol 

Origin of plasma membrane Cholesterol content 
fraction (mol/mol phospholipid) 

1 2 

Control cells 0.63 0.67 
Cells incubated with liposomes 0.88 0.98 

Control cells were incubated overnight in medium only. Test 
cells in experiments 1 and 2 were incubated with liposome 
preparations containing 1.8 and 2.0 mol of sterol/mol 
phospholipid respectively. 
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Fig.1. Uptake of [‘HICon. A by normal and cholesterol- 
enriched lymphocytes. The cells (5 X 105/ml) were incubated 
for 24 hr at room temperature with [ ‘HICon. A and washed 
three times before counting. (0) control cells containing 0.46 
mol cholesterol/mol phospholipid; (o), cells preincubated 
overnight with liposomes containing 1.0 mol cholesterol/mol 
phospholipid which increased the sterol content by 14.4%; 
(o)cells preincubated overnight with liposomes containing 
1.32 mol cholesterol/mol phospholipid, which increased the 
sterol content by 47.4%. 

181. This may be a species difference or could be 
because the latter provides a more pure preparation. 

3.2. Binding of Con. A by normal and cholesterol- 
enriched lymphocytes 
The uptake of [3 H] labelled Con. A by normal 

lymphocytes and by those enriched with 14% and 
47% cholesterol is shown in Fig. 1. It can be seen that 
over the range of Con. A concentrations used in this 
investigation, both groups of cholesterol-enriched cells 
bind the same amount of lectin as the controls. Thus 
any differences in the effects of Con. A upon these 

cells must result from events occurring after the 
initial binding by the cells. 

3.3. Lymphocyte activation 
Fig.2 shows the results of cholesterol enrichment 

of lymphocytes upon their activation by Con. A. 
Untreated lymphocytes show the expected stimula- 
tion of thymidine uptake with the maximum effect 
(375%) at 8.5 PgCon. A/ml and declining at higher 
concentrations. Cells whose cholesterol content had 
been increased by 14.4% showed a much smaller 
stimulation (44%) and the optimum concentration of 
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Fig.2. Activation of normal and cholesterol-enriched lympho- 
cytes by Con. A: The cells are those described in fig.1 with 
the same symbols used for each group. 

Con. A was rather higher (12 pg/ml). The experiment 
was performed in duplicate. The measured thymidine 
uptakes at each Con. A concentration agreed within 

7.5%, so the stimulation, although small, appears to 
be genuine. When the cell cholesterol concentration 
had been raised by 47%, no stimulation of thymidine 
uptake took place at any of the Con. A concentrations 
used. In similar experiments, there was no activation 
of the lymphocytes at up to 24 pg Con. A/ml. 

As the basal levels of thymidine uptake were similar 
for all three groups of cells, the effects were not 
caused by non-specific cell destruction. As a further 

check, the oxygen uptakes of samples of each group 
were measured in a Gilson respirometer and again no 
significant differences were found. It remains to be 
established whether the small stimulation shown by 
the cells whose cholesterol content was increased by 
14.4% represents a normal response by a small group 
of cells which had resisted cholesterol-enrichment or a 
smaller response by all enriched cells. 

A general property of cholesterol is to make fluid 
regions of membranes more rigid [ 191 and Shinitzky 
and Inbar [ 161 have demonstrated that the 
microviscosity of the lymphocyte plasma membrane 
is increased by enrichment with cholesterol. This will 
decrease the rate at which transmembrane receptor 
glycoproteins can move within the membrane and this 

may be necessary for the transmission of information 
across the structure [20]. However, this movement 

may not be directly related to cell activation [21] and 
cholesterol has other effects upon membranes. Its 
insertion into a membrane will cause membrane expan- 
sion which could result in separation of non-mobile 

membrane components involved in the response. The 
lowering of permeability mentioned above could 
also be critical since Ca*+ uptake has been shown to 
be an important factor in the activation of lymphocytes 
by phytohaemagglutinin [22]. We have found 
(unpublished results) that activation by this lectin is 
also suppressed by cholesterol enrichment. The more 
general importance of membrane sterol levels to cell 
function has been emphasised by recent work on 
malignant cells [23] . 

Acknowledgements 

We are indebted to the Medical Research Council 
for financial support. 

References 

[l] Capaldi, R. A. and Green, D. E. (1972) FEBS Lett. 25, 
205-209. 

[2] Singer, S. J. and Nicolson, G. L. (1972) Science 175. 

[31 

141 

[51 

[61 

[71 

181 

191 

1101 

1111 

[I21 

[I31 

726-731. 
Comoglio, P. M. and Guglielmone, R. (1972) FEBS 
Lett. 27,256-258. 
Greaves, M. F., Bauminger, S. and Janoss, G. (1972) 
Clin. Exptl. Immunol. 10, 537-554. 
Shinitzky, M., Inbar, M. and Sachs, L. (1973) FEBS 
Lett. 34, 247-250. 
Raff, M. C. and de Petris, S. (1973) Fed. Proc. 32, 
48-54. 
Betel, I. and van den Berg, K. J. (1972) Eur. .I. Biochem. 
30,571-578. 
Graham, J. M. and Green, C. (1970) Eur. J. Biochem. 
12,58-66. 
Green, J. R., Edwards, P. A. and Green, C. (1973) Bio- 
them. J. 135,63-71. 
Miller, I. R. and Great, H. (1972) Biopolymers 11, 
2533-2536. 
Ferber, E., Resch, K., Wallach, D. F. H. and Imm, W. 
(1972) Biochim. Biophys. Acta 266, 494-504. 
Lopes, J., Nachbar, M., Zucker-Franklin, D. and Silber, 
R. (1973) Blood 41, 131-140. 
Green, J. R. and Green, C. (1973) Biochem. Sot. Trans. 
1,365-368. 

210 



Volume 52, number 2 FEBS LETTERS April 1975 

1141 Betel, I. and van den Berg, K. J. (1972) Eur. J. Bio- 1191 Oldfield, E. and Chapman, D. (1972) FEBS Lett. 23, 
them. 30,571-578. 285-297. 

[ 151 Bruckdorfer, K. R., Demel, R. A., De Gier, J. and van 
Deenen, L. L. M. (1969) Biochim. Biophys. Acta 183, 
334-345. 

[ 161 Shinitzky, M. and Inbar, M. (1974) J. Mol. Biol. 85, 
603-615. 

[20] Edelman, G. M., Yahara, I. and Wang, J. L. (1973) Proc. 
Nat. Acad. Sci. U.S. 70, 1442-1446. 

[21] Loor, F. (1974) Eur. J. Immunol. 4, 210-220. 
[22] Maino, V. C., Green, N. M. and Crumpton, M. J. (1974) 

Nature 251, 324-327. 
[17] Demus, H. (1973) Biochim. Biophys. Acta 291,93-106. 
[ 181 Allan, D. and Crumpton, M. J. (1970) Biochem. J. 

120,133-143. 

[23] Inbar, M., Shinitzky, M. and Sachs, L. (1974) FEBS 
Lett. 38, 268-270 

211 


