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Mice of the G R / A  strain were fed four different isoealorie semipudfied diets, enriched in either (I)  
saturated fatty acids (palm oil), or (2) imlyunsaturated fatty acids (corn oil)) or (3) palm oil plus cholesterol, 
or (4) a fat-poor diet containing only a minimal amount of essential fatty acids. We have studied the effects 
of these dietary liptds on the density pcofile and composition of the plasma lipowoteins and on the lipid 
composition and fluidity of (purified) lymphoid cell membranes in healthy mice and in mice beatqn 8 a 
tz~nsplanted lymphoid leukemia (GRSL). Tumor development in these miee occurred in the spleen and in 
ascites. While the fatty acid composition of the VLDL-tri~cyiglycerols still strongly resembled the dietary 
lipids, the effeets o f  the diets decreased in the order VLDL-hrlaeylglyeerol~ > I-IDL-phospholipi~ > plasma 
membrane phospho]ipids. Diet-induced differences in the latter f~c t inn  were virtually confh'led to the 
coateut of oleic acid and Iinoleic acid, and they were too small to affect the membrane fluidity, as measured 
by flmrescence polarization using the probe 1,6-diphenyl-l,3)S-hexaerlene. Healthy mice were almost 
irrespoaslve to dietary cholesterol but in the tumor bearers, where lipoprotein metabolism has been shown 
to be disturbed, the cholesterol diet caused a substar.fial increase ~ the low- and very-low density regions of 
both blc~l and ascltes plasma lipopmteins. The cholesterol-rich diet a l ~  increased the cholesterol /  
phesphoh'pid molar ratio and lipid stru~ural order (deeTeased fluidity) in GRSL ascites ee l  membranes, but 
not in ~ s p l e n i c  G I ~ L  cell membranes, We conclude that the composition d piasma iipoproteins and ceil 
membt~ute liplds in G R / A  mice is subject to exquisite homeostatic ¢OlltroL However° in these Iow-re- 
sponders to dietary liplds the development o! an ascites tumor may lead t9 increased responsiveness to 
dietary cholesterol. The elevated level of membrane cholesterol thus obtained in GRSL ascites cells did not 
alfect the expression of various ceil surface antigens or tumor cell growth, 
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Introduction 

The degree of lipid fluidity of the plasma mem- 
brane has been generally recognized to be im- 
portant  for the appropriate functioniag of cells 
[1-3], It may ¢on)rol various cell membrane prop- 
¢rties such as membrane  permeability and 
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carrier-mediated transport [2-4], the binding of 
ligands to their cell surface receptors [3-7], and 
the functional coupling of the occupied receptor 
to effeetor enzymes in cell signal transdaetion, 
such a adenylate eyclas¢ [8-11]. The degree of 
m~.*mbrane fluidity may also play a rote in 
tumor -hos t  interactions of both humoral  and eel- 
iuiar immunological types 11], the immanogenicity 
of  tumor ceils [12-14] and their sensitivity to- 
wards certain chemotherapeutic drugs or hyper- 
thetmia [15-17]. These findings have suggested 
the possibility that membrane lipid modification 
of immu,aocompetent  cells (e.g. l ympho~tes )  
a n d / o r  tumor ~ l l s  in vivo could be a useful 
adjunct  to ¢urrandy available therapeutic modali- 
ties [1,16,17]. Therefore, it is very important to 
investigate in animal models how and to what 
extent cell membrane lipids can be modified and  
whether such alterations affect the membrane  
fluidity. The best way to perform such studies is 
by making use of  welt-defined semipurified diets 
that arc enriched in certain types of lipids, 

In the present study we used G R / A  mice and a 
routine leukemia (GRSL), which had originated 
and was subsequently transplanted in this mouse 
strain. Previously, we have found that the plasma 
membrane lipid composition and fluidity of  GR S L  
tumor cells strongly depends on their localization 
in the host [18]. Aseites cells show an extremely 
high fluidity in their plasma membrane,  due to 
both very low cholesterol and  sphingomyelin levels 
[19], while tumor cells located in the spleen exhibit  
a membrane fluidity which is slightly lower than 
in normal splenic lymphoeytes [181. Here we have 
investigated to what extent the lipid composition 
and fluidity of  the plasma membranes  of these 
cells can be modulated by using four different 
isocaloric diets, enriched in either (1) saturated 
fatty acids (palm oil), or (2) ( n - 6 )  polyun- 
saturated fatty acids (corn oil), or (3) palm oil plus 
a high amount  (1.9 wt~g) of  cholesterol, or (4) a 
fat-poor diet, containing only a minimal amount  
of essential fatty adds .  Since plasma lipoproteins 
are the rnaiv carriers o f  (dietary) ] ip ids through 
the body, we also examined their composition in 
normal and tumor-bearing mice as a function of 
the diets. 
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Materials and Metbnds 

Diets. Four semipurified diets (compositions are 
given in Table I) were kindly provided by Uni- 
lever Reseazch Lab (Vlaardingen, The Nether- 
lands) and [~eshly prepared c';e'~y 2 week'-. Im- 
mediately after arrival in our Institute the powders 
were stored in small packages (150 g) under 
nitrogen at - 2 0 ° C  until  they were used. 
Feeding-throughs were cleaned and refilled every 
second day. Mice were put  on the diets 3 weeks 
after birth and were given free access to food and 
tap water. 

Animals and cells, Six experiments were carried 
out, each with four diet groups c~nsisfiug of twenty 
male mice of  the G R / A  strain. In three of the 
experiments 6 -8  weeks old mice were inoculated 
intrapedtoaeally with 5 . 1 0  6 GRSL 13 cells. The 
GRSL 13 tumor, which originated from a sponta- 
neous thymus-derived lymphoid leukemia in the 
G R / A  mouse strain, grew out in the peritoneal 
cav i ty  as a cell suspension bathed in an asciles 
fluid, and in lymphoid organs such as the spleen, 
hut  more slowly than the GRSL 18 tumor which 

TABLE I 

COMPOSITION OF THE FOUR DIETS 
The added fat components represent 30 energy~ and 7 ell* 
© r ~  of the fat-rich and f~t-poor dict~, respectively. 

Corn Fat- Pa lm Palm oil+ 
oil poor nil cholesterol diet 
diet diet diet 

w ~ t  
Corn oil t4~5 - - - 
Palm oll - 13.3 11.2 
$afflowexseed oil 2.6 1.2 1.4 
Cl',ole.~terol - t,9 
Corn starch 51.4 68.8 51.4 51.4 
Cellttl0se 6.1 5~2 6.I 6.1 
Casein 25.4 2t,3 25.4 2.5.4 
Salt o'gxture 2.2 t.8 2.2 2.2 
Vitamin mixture 0.4 0.3 0.4 0,4 

Major fatty acids 
(% of total FA) 

16:0 t2.l 8.3 43.0 42.1 
18 : 1 24.5 I43 35.5 35.3 
18 : 2 60.5 74.8 16.6 17.7 
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we have used m our previous experiments 
[18,20-23]. Normal and tumor-bearing mice were 
killed when they were 9-12 weeks old (16 days 
after tumor transplantation) and after an over- 
night fast. Tumor cells were harvested from the 
ascites fluid (see below) and from the spleen. 
q ~ l ~ n ; ~  I ~ n h ~ | d  . ~ l l c  tm~ct'r~et| o r  t u m o r  __elL~) 
- - g -  . . . . . .  . r  - - j "  . . . . . . . . . .  ~ . . . . . . . .  

were separated from erythrocytes by eentrifnga- 
tlon (90 rain, 400 x g at room temperature) of 
single-cell suspensions i~ Hanks' solution (Oxoid, 
London, U.K.) over a 17.5~ metrizamlde cushion. 

Lipoproteins. Blood was collected in hsparinized 
tubes and processed as described before [21]. 
Aseites fluid was collected by eluting the perl- 
toneal cavity with 2 mi phosphate-buffered saline. 
Ascific GRSL cells and extracellular membrane 
vesicles [20] were separated by centrifugafion at 
250 × g for 10 mitt and at 105000 × g for 60 rain, 
respecdv©ly. The latter superuatant contained the 
diluted ascites plasma. Lipoproteins from the pe- 
ripheral blood and the ascites plasma wore frae- 
donated by density gradient centrifugation, essen- 
tially according to Redgrave et al. [24], with some 
minor modifications [21]. Twelve fractions ob- 
tained by pipetting from the top of the sradients 
were analyzed for density by refraetometry and 
for total cholesterol content. Fractions 1 + 2 con- 
taining VLDL and fractions 7 + 8 containing HDL 
were pooled for further analysis. 

Isolation o1" plasma membranes. Splenic 
lymphoid c¢11s or ORSL ascites cells were dis- 
rupted by pumping sing, le-ceU suspensions in 
Hanks' solution at 0 -4°C  through an air-driven 
cell disruptor (Stansted Fluid Power Ltd., Staa;sted, 
Essex, U.K.; model AO 612, disrupting valve 516) 
under conditions as described previously 118,23]. 
Plasma membranes were purified from (1.95~945) 
• 104 × g • rain pellets of the cell homogenates by 
means of discominuous sucrose gradients as de- 
scribed in detail before 125]. The purity of the 
plasma membrane preparations was ascertained 
routindy by electron microscopy and by marker 
assays, as described preciously [25]. 

Cheraical analysis. Lipoprotein fractions and 
membrane preparations were analyzed for their 
chemical composition. Trlaeylglycerol was mea- 
sured by the method of Giegel et at. [26]. Free o.md 
c~terified cholesterol were assayed enzymatieally 
ttsLag a commercial kit (Merck, Darmstad, F.R.O.). 

In the lipoprotein fractions this was done without 
prior extraction. Phospholipid phosphorus [27] and 
protein [28] were measured by standard proce- 
dures. Fatty acid profiles were determined by gas- 
liquid chromatography [20] after lipid extraction 
[29], separation of lipid classes by tllin-layer chro- 
mato~apby [30] ~nd !ransesterifieation with huron 
trifluoride/methanol [31]. 

Membrane fluidity. 1,6-Oiphenyl-l,3,5-hexa- 
Iriene (DPH; Koch-Light Labs, Colnbrook, U.K.) 
was used as a probe for measuring the degree of 
lipid fluidity in the various plasma membrane 
preparations by steady-state fluorescence polariza- 
tion at 25°C with an EIseint apparatus, model 
MV-1A (Elseint Ltd., Hails, Israel) as described 
previously [25,32]. Poladzatlon values mainly re- 
flect the orientadonal constraint of the motions of 
the probe, and they are quantitatively related to 
order parameters in the membrane lipids [32]. 
High fluorescence polarization values represent 
high structural order or Iow membrane fluidity, 
and vice versa. Recently, we have described the 
quantitative contributions of the individual mem- 
brane lipid components to the fluorescence polari- 
zation value in detail [19]. 

Results 

Growth of the mice appeared to be unaffected 
by the diets: 6 weeks after the beginning of the 
experiments all mice had similar body weights 
(23 + 1 g). Also tumor-beating mice did not show 
signEieant weight differences 16 days aftor inoc- 
aiation of the tumor cells, rlhe aiets had no de- 
monstrable effects on the development of the 
tumor, since the yield of GRSL cells in the ascites 
(about 5 .10  s cells) and the weight increase of the 
spleen (about 3-fold) were similar in the four 
groups. 

Fig. 1 show,~ the lipoprot¢in prc..qles of normal 
blood plasma and of leukemic blood and ascites 
plasma as characterized by the concentration of 
total cholesterol in density gradient fractions. In 
healthy mice no differences were found between 
the diet groups, and ©yen the mice fed a high- 
cholestecol diet show~i a normal llpoprotein pat- 
*,,rn In minor-bearing mice, however, this 
cholesterol-rich diet caused a substantial increase 
of total cholesterol in the. low and very.-low den- 
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Fig. 1. Lipoprotein profiles as charagtcrized by the c, oncentrao 
tlon of total cholesterol in density gradient fractions of blood 
plasma of normal mice and ot  blood and ascltes plasma nf 

leukemic miceo as a function o f  d i e t a r y  ] i p ids .  

sity regiona, in blood as well as ascitcs plasma, in 
tumor bearers HDL appeared to be reduced to the 
same extent in all four diet g=roups, in ascites 
plasma even more so than in blood plasma. This 
reduction of HDL was not as dramatic as we have 
found previously for mice bearing the more rapidly 
growing GRSL 18 tumor [21]. 

The composition of the major blood plasma 
fipoprot¢in elates, VLDL and HDL, is presemed 
in Table II. Particularly the eholesteryi ester con- 
tent of VLDL appeared to be influenced by the 
diets: it was reduced as a result of the corn oil diet 
~ d  increased at the expense of trlaeylglycerol by 
the ehotesterol-rieh diet. No major differences were 
observed between VLDL from normal and 
tumor-bearing mice, or between the compositions 
of HDL in the four diet groups. Only the content 
of unesterified cholesterol in leukemic HDL was 
slightly increased for all diets, and the leukemic 
VLDL m the fat-poor diet ~'onp cont~ed a 
higher percentage of phospholipids mainly at the 
cost of the triacylglyeerols. 

The fatty acid compositions of some lipopro- 
tein components are shown it-, Table IlI. Only 
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major fatty acids are listed, accounting for 85-90~ 
of the total fatty acids of VLDL-triacylglycerol 
and 80-86~ of those of HDL-phospholipids. The 
fatty acid compositions of VLDL-trlacylglycerol 
reflected more or less those of the diets (see Table 
I). No differences were found between normal and 
leukemic triacylglycerol, except in cholesterol-fed 
mice: the dietary cbotesterol-induced increase of  
VLDL in tumor-bearing mice was accompanied 
with an increase of palmitic acid (16:0) and a 
relative decrease of linolcic add (18: 2) in this 
lipoprotein class. The fatty acid composifion~ of 
VLDL-cholesteryl esters resembled those of the 
triacylglyo:rols (not shown). Diet-dependent dif- 
ferences in the fatty acid composition of HDL- 
phospholipids w¢~ less pronounced. The order of 

decreasing content of linoleic acid in the diets 
(.-orn oil ~ fat-poor > palm oil =t= cholesterol) was 
hardly reflected in the HDL-phospholipids. On 
the other hand, in this same order the phospholi- 
pids showed a clear decrease of stearic acid (18 : 0) 
and an increase of oleic acid (lg : 1). When com- 
pared with normal FIT)L, palmitie acid was pro- 
portionaUy increased in leukemic HDL of palm 
oil (+ cholesterol)-fed mice, while stearic acid was 
increased in leukemic HDL of all diet groups. 

The fatty acid composition of the plasma mem- 
brane phosphofipids of GRSL ascites cells is given 
in Table IV. Marked differences were observed 
only in the oleic: linoleic acid ratios. With the 
corn oil and fat-poor diets the membranes could 
be enriched in linoleic acid at the expense of otei¢ 
acid, while by the palm ffd diets (+ cholesterol) a 
kighcr olci~ acid coat=at could be effectuateal at 
the expense of linoleic acid. In the plasma mtma- 
branes of splenic lymphocytes from normal and 
tumor-bearlng mice similar diet-dependent shifts 
in the oieie:llnoleic acid ratio were found, al- 
though the effects observed were even less pro- 
nounccd (results not shown). 

Whether thc~e rather small variations in the 
fatty acid composition of the phosp.hholipids had 
any influ~mce on the fipid fluidity of the mem- 
branes was investigamd by DPH-fluoresecnce 
polarization measurements. Results are presented 
in Table V. Fluorescence polaxization of DPH in 
the isolated plasma membranes of normal spleen 
ce l l s  o r  s p l e n i c  t u m o r  cel ls  a p p e a r e d  to  i:m the  

same for all diet groups. Polarization values in 
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TABLE I1 

COMPC.SITION" OF VLDL AND HDL OF NORMAL AND LEUKEMIC BLOOD PLASMA AS A FLINCT[ON OF D I ~ I ' A R y  
L1P]DS 

Valu~ axe expressed ia wt% :~ S,E, of three different e_~pgriments, TG = trlacylglycerol, CE = cholealery! esters, C = el',olestarol. 
PL = phosphotipids. Pr - prot,in. 

Corn oil Fat-poor Palm oil Palm oil + 
diet diet diet cholesterol diet 

Normal VLDL TG 71,0 4-1.8 73.1 ± 2.4 65.7 ± 6.0 ~4.74-1.8 
CE 3.1 ~0.1 4.6:1:0,3 7.54- 3.0 [4.2+2.3 
C 4.3 ± 0_1 4.7 4- 0,6 5.1 ± 1.6 6,6 4-1.3 
PL 15.6-I-2.2 12.0.61.9 14.9±2.4 17,04-1.5 
Pr 6,0+0.3 6.6~1,~ 6.84-1.8 7.6.60.8 

Leakasmic VLDL TG 69,8 4-1,8 63.9 ± 2,1 66.0 ± 4.0 52.R .62.7 
CE 2.34-0.6 5.6:1.0.5 5,04-1.9 16.4:1:2.8 
C 5.34-2.7 5.04-2.1 5.0±2.4 6.2±2.6 
PL 1,5,1 ±0.4 18,2± 1,7 17.0.60.6 17.3 ± 1.3 
Pr 7,5:1:0.1 7.3±1.2 6.64-0.5 7.3±0,9 

Norrnal HDL TO 2.8 4- 0.5 3,1 ± 0.6 2.5 ± 1.0 2.25 + 0.5 
CE 17.0±0.8 18.24-1,4 I9.5-50,7 19.64-0.1 
C 5.74-0.1 5.0-6 02  4,84- 0.6 4.g:1:0.6 
PL 36.4 4-0.2 35.2± 1,9 35.7 +0.1 34.5 -4- 0,6 
Pr 39.2 -I- 1.0 38.4 ± 0,4 37.5 ± 0.3 38,6 ± 0.9 

l...¢ukem/c HDL TG 2.4 .5 0.5 2.8 ± 0.6 1.5.4- 0.3 2.8 4- 1,5 
CE 19,04-0.2 17.9+1.0 1fL6±4.5 17.64-0.7 
C 6.6±0.4 6.6-60.3 7.8-60.1 8.24`0.6 
PL 29,4± 1.3 32.84-0.9 33.9±2,5 33.0± 1,2 
Pr 42.04- 2.0 39.9-, 2.1 38.3+ 1.7 39,0 :t: t,0 

TABLE IIl 

MAJOR FATTY ACIDS OF VLDL-TRIACYLG'LYCEROL A N D  HDL-PHOSPHOLIPlDS OF  NOILMAL A N D  LEUKEMIC 
BLOOD PLASMA, AS A FUNr,..WION OF DIETARY LIPIDS 

Data are wt~ of total f.etzy acids, me.an values± S,E, of three differartt experifftanl~. 

Corn oil Fabl?,5or Palm oil Palm oil+ 
diet d/et die~ cholc~'~erol diet 

VLDL-~riacylglycerol 
Normal 

Leuken~¢ 

HDL-ph~q~holipids 
Normal 

L~ukemk: 

16:O ~_ 7_~. -+- 0.8 20.7::t:0.1 27A± 1.l 22,84- 2.0 
18 : ] 19.9 ± 1.6 29.0 ± 0.4 40.7 ± 0.7 40,3 ± 0,1 
~E.2 51,2±4.1 ~4,2::k 3.2 19,7±0.3 22,24`1.2 

16:0 20,6-+3.1 22.2:~0A 29.[~ .-I: 1,0 33.5 4-1,8 
18:1 2t.0 4- L6 30,6 ± 1.7 43.1 4-13 40.7.6 1.3 
:t~. :2 46A4-0,l  35,3-..t: 2,3 18,5 4-1.1 16.4+ 1.2 

16 : 0 27.4 4-1,3 31,2 4- 0.1 32.0 J: 2.6 31.g ::k 1.9 
18:0 17.64-1,0 ]5.5±1.1 14.0+0,7 13.0-~1,0 
18 : i 6 ,~ ::t: '3,2 10.2 ± 1.2 13..5 ± U.J 15 ,54-  0,7 
18: 2 24.8 ~ 0.3 2Z64.0.2 18,5 ! 2,3 21.21:0.4 

16: 0 28.2 ± 0,3 29.2 + 2,8 35,6 :~ 2,3 37.6 ~ 0,4 
18:0 24.4±0.6 22.04-3.0 15.8-62.4 16,2.4-2.4 
18:1 5.0+0,t  6.2 ±0.4 13_8 ± 1.8 13.3 ±0.B 
18:2 22.0-4-0.7 24,25:2.4 18.0±2.0 19.6±0,2 
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TABLE IV 

FATIN ACID COMPOSITION OF THE "fCCi'AL PHOSPHOLIPIDS OF ISOLATED PLASMA MEMBRANES OF GRSL 
ASCITES CELLS AS A FUNCTION OF DIETARY LIPIDS 

Data given ia wt.~ of told fatty acids, ntcan values~ S~E. of ff,/~ different ¢z.pet',.,eats. 

Cora oil Fat-poor Palm oil Palm oil + 
diet diet diet cho]~zerol 

diet 

t6:0 19.8 :i: 0.t 17.8 4-0.6 lS.2~- 1.7 19.4-k 1.2 
18:0 21.7 +0,7 18.2 4-2.4 22.5 + 0.3 1,q 9_.3,0 
18:1 12.14- 0.8 15.2±1.2 23.1 4-4.3 19.9±0.7 
18:2 223 4-4.4 23.6 + 1.0 15.2 + 1.4 17.5 ± 2.0 
20:4 15.94-0.9 14~5-v 2,0 13,9:~ ],~ 13_3 :k0.2 
2.'?.: 6 2,6+0.4 !.~±0.4 1.;~ ±0.5 1_4+_~3.4 

ascitic GRSL cell membranes were considerably 
lower due to their low eholesterol/phospholipid 
r~tio. The dietary fipids did not induce any dif- 
.:erene.es in these polarizat ion values, except" for a 
significant increase in the m e m b r a n e s  f r o m  
cholesterol-fed animals.  These  GRSL ascites cell 
membranes showed Mso an increased cholesterol/ 
phospholipid ratio, when compared with the cor- 
responding membranes from all other diet groups. 
However, polarization value and cholesterol con- 
l e n t  of ascites cell m e m b r a n e s  f rom cholesterol-fed 
mice  did not  reach  the 'normal," levels of  splenic 

cell membranes. The finding that only by the 
cholesterol-rich diet the fluidity of the plasma 

membrane of a certain cell type (ascites tumor 
cell) can be modulated indicates that diet-induced 
variations in fatty acid composition, at least in the 
present  study,  are  less impor tan t  for m e m b r a n e  
fluidity. T h e  ma jo r  impor t ance  of  cholesterol as a 
de te rminan t  of  G R S L  cell  m e m b r a n e  fluidity is 
clearly illustrated in Fig. 2 where the DPH-fluo- 
rescence polarization is plotted against the 
cholesterol/phospholipid molar ratio for individ- 
ual membrane preparations. Linear relationships 
~tppearm:l for G R S L  cells f rom both the ascites 
and the spleen, i rrespective of  the fatty acid com- 
position. Th e  lower level and  the higher  slol:,e for 
the ascites cell membranes are due to their tow 

TABLE V 

DPH.FLUORESCENCE POLARIZATION (LIPID Sq'I~UCTURAI. ORDER) AND CHOLEffrER@L/PHOSPHOLIP1D 
MOLAR RATIO IN ISOLATED PLASMA MEMBRANES OF LYMPHOID CELLS FROM NOP.MAL AND LEUKEMIC 
MICE 

Mean values are given+ S.E. of three differem experiments. 

Corn oil Fat-poor ]~alm oil Palm oil-I- 
diet diet diet cholesterol diet 

DPH-i]uorcsomce polarization (25°C) 
Normal splenocytes 0.307 .<- 0.4)01 0.306 L0.001 0.30.:1 ~: 0,00I 0.30,4 +0,001 
SpI~'L~¢ (3 RSL CO| I s  0.294:1:0.002 P,.2~4 .i; 0.006 0.292 ~ 0.P,04 0,29~ + 0.001 
Ar~-ifi c ORSL eelL~ 0.257 -k 0,002 0.2~4:i: 0.007 0.2.59 + 0.C'~, ? 0.2(~+ +_ n.0Ot 

Cholesterol/pbosplmlip~ (mel/mol) 
Normal splenac~es 0.50 ~t0.O1 0.52 +0.01 0..52:1:0.01 0.50 -[:0.431 
Splenic GRSL~IIs 0...51 +0,05 0,~4 ±0.07 0,f~0 +0,02 0,51 +0,02 
A.,,ciiieGRSLcells 0,29 ±0,02 0,27 +0,05 0,31 +0,03 0,41 ±0.02 
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Fig- 2_ Linear relationships between ste, ady-~ate DPH-fluore, s- 
¢ ¢ n ~  p o l m t i o n  (PDm,  at 25~C) and the c h o l c ~ : r o l /  
phospholipid (C/PL) molar ,-ado in plasma membran~ iso- 
late1 rmm ORSL tumor ceJ]s of differem lee, aliens (as~it~ a.~d 
spleen). Different symbols demome different diets, as indicated. 
Pt>ta = 0.222+0.120 (C/PL) (correlation cocffici~-ll ffi (]+80) 
for ascites cell membranes, whereas Pova=0.262+0.062 
( C / P L )  {.corr. co~ff. = 0_']2) for the splenic G'RSL celt mem- 

branes. 

sphingomyelia contem [19] (0.9% of the total 
phospholipids) when compared with the splenic 
cell membranes (16g) [18]. 

Discussion 

The present study shows that the plasma lipo- 
protein density profiles (raeasared by the 
cholesterol content) of healthy G R / A  mi¢0 are 
almost irresponsive m dietary lipids. Even a 
cholesterol-rich diet, which has been found to give 
rise to an increase of abnormal lipoproteins in a 
number of rodent species inelu~2::g other mouse 
strains [33-35], did not induce alterations in the 
lipoprotcin profile, but only effectuated an in- 
creased cholesterol content in V L D L  Studies by 
others [35-38] have shown that responses to di- 
etary lipids indeed may differ widely between 
various mouse strains. Also in man the existence 
of  hypo- and hyperresp0nders to dietary 
cholestmol has been reported [39]. 

Tumor bearing G R / A  ~ also .showed identi- 
cal lipoprotein profiles and lipoprotein composi- 
tions in three out of the four diet groups, but the 
cholesterol-rich diet effectuated the increase of 
lipoproteins in the VLDL and LDL regions of 

blood and aseites plasma. The abnormal LDL 
have not been further characterized in the present 
study, but may be similar to tim cholesterol-in- 
duced Upoproteins described by others [33-35]. 
The VLDL that was increased i*~ cholesterol-fed 
tumor.beating mJce showed a similar composition 
as the VLDL of healthy cholesterol-fed mice (Ta- 
ble ]I), but in their trlacyiglycerol the ratio of 
18 : 2 /16 : 0 was decreased (Table Ill). Ap- 
parently, the disturbance of lipoprotein metabo- 
lism in tumor-bearing mice [21-23] has become 
even more complicated by the cholesterol loading, 
and the homeostatic capacity of cholesterol 
turnover seems to be largely exceeded in these 
mice. 

Effects of the dietary fatty acids were found in 
the lipoprotiens of  all diet groups, but in the 
course of tile processing and utilization of the 
fatty acids, the original composition as found in 
the diets was rapidly lost: while VLDL-tri- 
acylglycerols still strongly resemble the dietary 
lipids, plasma phospholipids (measured as HDL- 
phospholipids) showed considerably less pro- 
nounced differences, Compositional differences in 
the plasma membrane phosphollpids were in turn 
even smaller than in the lipoprotcin phospholi- 
pids. 

Mathur and Specter [38] have previously in- 
vestigated the effect of  dietary fat (coconut oil or 
sunflower oil) on the Ehdich ascites tumor fluid 
lipoprot¢ins in CBA mice. The sunflower oil-un- 
riched diet in this system resulted in an increase in 
the 18:2  levels in the tdacylglyectols and the 
phospholipids of both VLDL and HDL, to a 
much larger extent than was presently found in 
the (blood) plasma lipoproteins of  the O R / A  
mice. One should be cautious, however, to com- 
pare compositions of ascites plasma lipoproteins 
with those of blood plasma lipoproteins directly, 
since the lipid content and fatty acid composition 
of lipid classes between given types of lipoproteins 
from these two sources within the same animal 
may differ significantly [23,38]. 

In a number of studies (~¢vicwed in Refs. 2 and 
17) the fatty aeld composition of the phospholl- 
pids in a variety of tissues or cells could be 
modified to a certain extent by dietary lipids. Less 
extensive data ate available for isolated plasma 
membranes, and in only a limited number of 
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studies these compositional data were related to 
physical parameters, such as membrane fluidity 
measured by DPH-fluoreseea~ee polarization: 
Brasitus et al. [,10] have determined the lipid com- 
position and fluidity of a number of intestinal 
membranes after feeding tats diets enriched in 
unsaturated (corn oil) or saturated (butter fat) 
triacylglycerols. The corn oil diet (enriched in 
lg :  2) inca-eased the overall unsaturation of the 
aeyl chains and the lipid fluidity (decreased 
DPH-fluorescenee polarization) of the mem- 
branes. Concomitantly, the eholesterol/phospho- 
lipid molar ratio was increased in the microvillus 
but not in the basoiateral membranes. Apparently, 
rat enterocytes posse~s regulatory m~banisms 
which modulate the cholesterol content of the 
microvillus membranes, so a to mitigate changes 
in fipid fluidity. Bums, Specter and their co- 
workers have fed mice diets containing either 
coconut oil (saturated fat) or sunflowers~ed oil 
(polyunsaturated fat) to modify the fatty acids in 
the plasma membrane of normad liver [41], of 
L1210 lenkemie lymphoblasts [42], and of the 
Ehrlich ascites tumor cells 143,44]. The main dif- 
fer~ce~ were found ia the 18:1, 18:2  and 20:4  
in the former cases [41,42] or in 18:0, 18:1 and 
18:2  in the latter cell membranes [16,43,44], the 
smaflowersecd oil-eomaining diet giving rise to a 
significantly increased ratio of 18 : 2/18 : 1. In our 
present study we also found an inc~asc in the 
18 : 2 /18 : 1 ratio in the various plasma membrane 
preparations obtained from corn o'd-fed mice as 
compared to palm oil-fed mice, but not as pro- 
noanced as in the american studies [41-44]. The 
diet-induced differences in the fatty acid composi- 
tion of L1210 and EhrUeh carcinoma cell mem- 
branes were sufficient to yield small differences in 
the order parameter as measured by electron spin 
resonance using nitroxysteaxate spin probes [16]. 
In the present study, the differences in the fatty 
acids were too small to affect the DPH-fluores- 
canoe polarization in normal lymphocyte or GRSL 
tumor cell membranes in the spleen. However, the 
cholesterol-containing diet gave rise to an in- 
creased DPH-fluorescence polarization (decreased 
fluidity) in GRSL ascites celt membranes, which 
can be attributed to an increase in the 
cholesterol/phosphofipid molar ratio (Table V, 
Fig. 2) 119]. The significant effect of this diet on 

the ascites ce~l me, mbranes, rather than on the 
spleen cell membranes, supports our proposition 
[23] that the avaJlabitity of lipoprotein ¢holesterQl 
to the GRSL ascites cells is a limitin 8 factor for 
these e e l  to obtain a higher cholesterol/ 
phospholipid molar ratio. However, even by feed- 
ing the cholesterol-rich diet, this molar ratio and 
the DPH-fiaor~.~cence pe!~_~_~on of the GRSL 
aseites plasma membrane~ did not reach the 'nor- 
mat" values found in the spleen cells (Table V, Fig. 
2). 

In this ascites tumor system we have i~vcsfi- 
gated the possibility that the degree of membrane 
fluidity would influence the expression of cell 
surface antigens [1,4,45]. Using an antibody and 
complement-dependent eytotoxicity test [18] and 
the Fluorescence Activated Cell So~er [45] we 
were unable to detect consistent alterations in the 
expression of five previously described surface 
antigens [18,45| (among which the rumor-specific 
antigen ML 0 as a consequence of the cholesterol- 
rich diet (results not shown). 

In conclusion, the G R / A  mouse strain used in 
the present study is a iow-responder to dietary 
lipids including cholesterol. As a result, plasma 
lipoproteins and splenic lymphoid cell membranes 
show only minor compositional differences in- 
duced by the diets, too small to affect the overal~ 
membrane fluidity. However, GRSL ascites tumor 
cells are susceptible to a cholesterol-rlch diet, in 
that their plasma membrane cholesterol/phospho- 
lipid molar ratio and the structural order of rnem- 
bff, fi,: tipld~ axz :',~.c.~a~_t hy this diet, The ¢g- 
quisite homeostatic ~:Oahol of cholesterol and car 
membrane fluidity operating in these mice, has 
apparently become partially lost in their ascites 
compartment. Diet-lnduced cholesterol loading in 
GRSL ascites cell membranes does not seem to 
affect membrane :ntigen expression, and if 
tumor-host  interaction would be affected by the 
diet in some other way, this apparently does not 
affect the rate of tumor growth. 

Aeknowredgements 

We thank Dry. B.W. van der Meer and R.P. 
van Heaven for tho~ help m the set-up of this 
study. Dr. AJ .  Vargroesen, Dr. J.M.M. van 
Amelsvoort and Mr. H. Kleinekoort from UUI- 



17~. 

lever Research Labora tory ,  Vlaatdingen,  a te  
thanked for  st imulating discussions and for  
supplying us with the diets. Mrs. G . G . H .  de  Jong-  
Meijerink is thanked for secretarial help. 

References 

1 Van Slitterswijk, WJ. (1985) in Membrane Fluidity in 
Biology, VoL 3 (Aloia, R.C. and Boggs. 5, e~s,), pp. 85-159, 
Academic Press, New York. 

2 StubbS, C,D. and Smi~, A.D. (1984) Biochim. Biophys 
Acta 779, 89-137. 

3 Spt¢tor. A,A, and Yorek, M.A. (1985) L Lipid Res. 26, 
1015-1035. 

4 Shinitzky, M~ (1984) in Physiology of Membran~ Fluidity, 
Vol. 1 (Shil~iw..ky. M., edJL pp. 1-51, CRC Press, Boca 
R~tOn. 

5 Gould, IL$. aad Ginsber8, B~H. (1985). in Membrane Fluid- 
ity in Biology, VoL 3, (Aloia, K.C. and Boggs. JL eds.)., pp, 
257-280, Academic Pre~s, New York, 

6 Muller, C.P. and Kameger, G.R.F. (lq86) Aniicancer Res. 6, 
1191-1194. 

7 Fadas, P-N. (1987) BiDchlra. Biophys. Aeta 906, t,$g~d6g_ 
8 Needham, L., Dodd, N.J.F. arid Hogslay, M.D. (1987) 

Biochim. Biophys. Acta 899, 44~50_ 
9 Ftiedlander, G., L~ Crime/lee, C., C_rio¢ondi, M.C. and 

Amiel, C. (1987) Biochim. Biophys. Acta 903, 3aJ-348. 
10 McMu~cbJ~. EJ., Patten, G.S., Charao~I~ J.S. and MeLg'o- 

naa, P,L. (1987) Bioehim. Biephys. A~la 898, 13%153. 
11 NMMarehi~ E.J., Pattea, G.S, bleI~nnan, P.L., Charn0ck, 

J.S. and No, tel, P.J. (1988) Bicchim. Biophys. Acta 937, 
34"1-358. 

12 2.,hlaitzky, M., Skon'dcL Y. and H~an-Ohera, N. (1979) 
Proxy. Natl. Aead. g,.i lISA "/fi, 5313-5316. 

13 Skomiok, Y., Kurmar~ C.C. aad SindelaL W,F. (1984) 
Cancer Res. 44. 946-94K 

14 Skom;ck, Y.G., Rong, G.H., Sindelar, W.F., Rieherl. L., 
Klamncr, J.M., Rozin, R.R. and Shinit~, M. (1986). 
Cancer 5g, 65B-654. 

15 Siegfried, IA., Kennedy, K.A., Sarlore/IL A.C. and 'Trltton, 
TJL (1983) J. Biol. Chore. 258, 339-343. 

16 Bar~ C.P. and Spector, A.A. (1987) Lipids 22, 178-184. 
17 SpeWer, A.A. and Burns, C.P. (1987) Carw.er Res. 47, 

4529 -4537. 
18 Van Bfitterswijk, WJ., Hilkrannn, H. and Hengeeeld, T. 

(1994) Bioohim. Biophys. Acta 778, 521-529. 
19 Vat, BlillcrswijlG W.J, van der Meet, B.W_ and Hilkmann, 

H. (1987) Biod~tmistry 26, 1746-1756, 
20 Vm~ B~tte.~wijk, V:.$., De Veer, G., Krol, J.H. and Emme- 

Iol, P. (1982) Binehlm. Biophy~. Acla 688, 495-504. 

21 Damen, J., Van Ramshorst, J., Vaa H0¢v~, II.P. and Van 
Blitterswijk, WJ, (1984) Bioghim. Biophys, Acta 793. 
2~7-296. 

22 Dmr~en, J., De Widt, J~, Hengeveld, T. xnd Van Blittnrs- 
wijk, W.J. (1985) Bic¢him. Bioph2/s. Aeta 833, 495-498. 

23 Van Blitterswijk, W.J., Damen, J., 1-filLmmma, H. and De 
Widt, J. (1985) Bioehim. Biophys. Aeta 8t6, 46-56. 

24 R~grav¢, T.C,, Roberts, D.C,K. and West, C.E. (1975} 
Anal. Bioche.m. 65, 42-49. 

.7.2s Van Blittea'swijk. W...*, Emme.lot, P., HiBtmann, H.A.M., 
Hilgers. J. and Feltkamp, C.A. (1979) int. J. Caner 23, 
62 -71). 

26 Giegel, J.L., Ham. A.B. and Clena, W. (1975) Clin~ Chem. 
2). 1575-158L 

27 Momson, W,R. (1964) Anal Bi0ehcm. 7, 218-224. 
2ts Lowry, O.H., Rosebrough, N.J., Irarr, A,L. and Randall, 

R,3. (]953) J. BioL Chem. 193, 265-275. 
29 Bligh, E.G. and Dyer, WJ. (1959) Canad. J. Sioehem. 

Physiol. 37, 911-917. 
30 gtm~ F. (1973) Btochim. Biophys. Acta 296. 331-334. 
31 Mon-ison, w.R. and Smith, LM. (1964) J. Lipid Re.s+ 5, 

600 - 608. 
32 Van Blitlerswijk, W.L, Van Hoeven. ILP. and Van der 

Meet, KW. (1981) Biochim, Biophys. Acta 644, 323-332. 
33 Mahley, R,W, and Holeombe,, K,$, (1977) J. Lipid Res. 18, 

314-324. 
34 Shore, V.G., Shore, B. and Hart, ILG. (1974) Biochemislry 

13, ] 579L1585. 
35 Breekern'idge, W.C.. Roberts, A. and Kuksis, A~ (1985) 

Amfiosdexosis 5.256-264. 
36 Walker, B.L. and Mulvihill, B.J. (1984) NUlritian Rc, s. 4, 

601-610. 
37 Mulvlhltl, B.J. and Walker, B.L. (1994) Nutrition Res. 4, 

611-619. 
3/s Mathur, S.N. and Specter, A.A. (1978) J. Lipid Kes. 19, 

4K/-666. 
39 Kaian, M.B., Beynen, A.C., De Vtios, J.H.M. and Nobds, 

A. (1986) Am. J. Epidemiol. 123, 221-234, 
40 B~itus, T÷A., David.~a, N.O. and Schachter, 13,. (1985) 

Biochlm. Biophres. Acta 812, 460-472. 
41 Bums. C.P., Rosenberger, J.A. and Luttenegger, D.G. (1983) 

Ann. Nutr. Metab. 27, 268-277. 
42 Bum~, C.P., Lutteaegger. D.G., Duality. D.T., Buetmet', 

G.R omd Sl~Otor, A.A. (1979) Cancer Res. 39, 1726-1732. 
43 Awad, A.B. and Specter, A.A, (1976) Bioehim. Biophys~ 

A~ta 426. 723-73L 
44 Kaduce, T,L,. Awad, A.B.. Fontenelle~ LJ. and S1~eclor, 

A.A. (1977) $. Biol. ChenL 252, 6624-6630. 
45 Bank~, S., Hiikmafm, H, Wigh, L. and Van Blitterswijk, 

W.J. (1987) Bioohi~. Biophys, Aeta 896, 129-135. 


