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notes on methodology I 
A comparison of delipidated sera used in studies 
of sterol synthesis by human mononuclear 
leukocytes 
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Aberdeen, Scotland 

Summary Sterol synthesis in human mononuclear leuko- 
cytes is stimulated by delipidated serum. Synthesis in media 
containing serum delipidated by three different methods is 
compared. Significant differences between subjects are 
shown and these differences are maximized by measuring 
synthesis in serum delipidated by extraction with butanol- 
diisopropyl ether 4050 and diethyl ether.-Slater, H. R., 
and F. W. Robertson. A comparison of delipidated sera 
used in studies of sterol synthesis by human mononuclear 
1eukocytes.J. Lipid Res. 1979. 20: 413-416. 
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Studies of sterol synthesis in human mononuclear 
leukocytes have proved useful in the detection of fa- 
milial hypercholesterolemia ( 1  -5). In the presence of 
delipidated serum, these cells increase their endog- 
enous sterol synthesis, a response which is believed to 
be a result of removal of cellular cholesterol by the 
medium (2). Two approaches have been made to re- 
move cholesterol from serum, extraction into organic 
solvents and removal by flotation ultracentrifugation. 
Special attention must be paid to removal of residual 
organic liquids to avoid toxic effects on the cells. A new 
technique based on extraction of serum with mixtures 
of butanol and diisopropyl ether (6) has been modified 
for use in cell studies and compared with two other 
techniques already in use for this purpose. 

MATERIALS AND METHODS 

All delipidation procedures were carried out on 
aliquots of a stock of pooled human serum (250 mg 
cholesterol/lOO ml). All delipidated sera were dialyzed 
together against PBS, pH 7.3.  

Abbreviations: PBS, phosphate-buffered saline; LDL, low density 
lipoprotein. 

Delipidation technique A (Ref. 6) 
Immediately before the extraction procedure, 

diisopropyl ether was mixed with powdered aluminium 
oxide (1 g/10 ml) to remove potentially unstable per- 
oxides. Ten ml of serum was added to 20 ml of a mix- 
ture of butanol and diisopropyl ether 40:60 ( v h )  and 
mixed for 30 min at room temperature on a rotary 
blood mixer. The lower aqueous phase was then re- 
moved by syringe and washed with 20 mi of diethyl 
ether to remove residual butanol. After residual 
diethyl ether was removed by vacuum evaporation at 
37"C, the delipidated serum was dialyzed against three 
changes of 50 volumes of PBS, pH 7.3. Cholesterol 
and protein concentrations were then measured. 

Delipidation technique B (Ref. 7) 
Ten ml of serum was shaken with 3 ml of diethyl 

ether and the mixture was frozen in liquid nitrogen. 
After thawing for 6-8 hr, the lower layer was re- 
moved by syringe and mixed with another 3 ml of 
diethyl ether. The mixture was frozen again in liquid 
nitrogen and, after thawing for 6-8 hr, the lower 
layer was removed. This cycle was repeated three times 
more. After residual diethyl ether was removed by 
vacuum evaporation, the delipidated serum was dia- 
lyzed against three changes of 50 volumes of PBS, 
pH 7.3.  Cholesterol and protein concentrations were 
then measured. 

Delipidation technique C (Ref. 8) 

The density of 10 ml of serum was adjusted to 1.25 
with KBr and the mixture was centrifuged at 114,000 g 
for 48 hr at 15°C. After removal of the upper layer of 
lipoprotein, the delipidated serum was dialyzed against 
three changes of 50 volumes of PBS, pH 7.3. Choles- 
terol and protein concentrations were then measured. 

Cholesterol was measured by spectrophotometric 
assay based on the Liebermann-Burchard reaction 
(9). Cholesterol concentrations in sera delipidated by 
methods A and C were less than 1 mg/dl as measured 
by this assay. Cholesterol concentration in serum de- 
lipidated by method B was 4 mg/dl. The protein con- 
centrations (1 0) of all delipidated sera were adjusted 
to 50 mg/ml. All sera were sterilized by membrane 
filtration. 

LDL was prepared by ultracentrifugal flotation (8) 
from serum at d 1.020-1.064 g/ml. This fraction was 
stabilized in 4% bovine serum albumin and dialyzed 
against three changes of 50 volumes of PBS, pH 7.3. 

Cell separation 
Human mononuclear leukocytes were separated 

from 20 ml of heparinized blood collected after a 
12-14 hr fast. The blood was mixed with an equal 
volume of calcium-free Krebs- Ringer phosphate buf- 
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TABLE 1. Synthesis of sterols by mononuclear leukocytes from four normal individuals in 
medium containing serum delipidated by methods A,  B, and C 

A n (: 

SU1,jtY.t M a x  Miri MaxiMin M a x  Min MaxlMin Max Min M a d M i n  

p o l  pmol p7noi 

I 306 44 7.0 145 55 2.6 149 23 6.5 
2 236 32 7.3 91 31 2.9 75 19 3.9 
3 162 16 10.1 77 25 3.1 49 12 4.1 
4 164 19 8.6 94 30 3.1 67 11 6.1 

Mean 216.9 28 8.3 102 35 2.9 85 16 5.2 
~~~~~~~ 

Human mononuclear leukocytes were isolated from 20 ml of venous blood collected from 
each of tour healthy donors. Maximum incorporation of [I4C]acetate into sterols by cells from 
each subject was measured simultaneously by adding 20 pl of [i4C]acetate (22.4 Cilmol) to cultures 
(2 X IO6)  cells containing 28% serum, delipidated by method A, B, or C, in culture medium (RPMI 
1640) and incubated at 37°C for 20 hr. Digitonin-precipitable sterols were isolated and radioactivity 
was measured as described in Methods. Minimum incorporation of [“Clacetate in the absence of 
delipictated seiuni was 30, 20, 17, and 14 pmol for subjects 1,  2, 3, and 4, respectively. The  average 
dillerence between pairs o f  replicates is 18% of the mean of the maximum and 742 o f the  mean of 
the minimum incorporations. 

fer, pH 7.3, and layered on top of 20 ml of Ficoll- 
Hypaque ( 1  I ) .  After centrifugation at 400g  for 25 
min, the layer of mononuclear cells at the blood- 
Ficoll-Hypaque interface was removed. The cells 
were washed twice with Krebs-Ringer phosphate 
buffer, pH 7.3, and aliquots were taken for differential 
and total cell counts. No platelets were observed in 
these preparations. 

Cell incubation 
Cells (2 x lo6) were suspended in RPMI 1640 media 

(Gibco Biocult Labs Ltd.) containing 100 U of penicillin/ 
ml and 100 pg of streptomycin/ml with 1 - 1.5 ml of 
delipidated serum, 0.4 ml of LDL (72 mg cholesterol/ 
dl), and 20 p1 of [U-14C]acetate (22.4 Ci/mol). All vol- 
umes were made up to 3.52 ml with RPMI 1640. After 
equilibrating the media with 95% 02/5% C 0 2 ,  the cells 
were incubated at 37°C for 20 hr. 

Isolation of digitonin-precipitable sterols 
Cells and media were saponified separately in 50% 

methanol and 1.3 N NaOH at 70°C for 1 hr. Neutral 
lipids were extracted into petroleum ether (bp 60- 
80°C). After evaporation of petroleum ether under 
nitrogen, extracted lipids were redissolved in 4 ml of 
ethanol-acetone 1:l containing 1 mg of carrier 
cholesterol. 

P-Hydroxy-sterols were precipitated by adding 1 ml 
of digitonin solution (1 2) and then 1 ml of water. The 
digitonides were washed twice in 80% ethanol and 
once in ether, and finally redissolved in 0.5 ml of 
methanol which was added to 9 ml of Unisolve 1 (Koch- 
Light Labs Ltd.) scintillation fluid for measurement of 
radioactivity. Cell-free blanks contained less than 200 
cpm per flask and recovery +- SD was 85 -+ 3% as 

measured with [3H]cholesterol. One x lo3 cpm is 
equivalent to 20 pmol of [I4C]acetate. 

RESULTS 

Serum delipidated by any of methods A, E, or C 
has been shown to enhance the rate of sterol synthesis 
by cells incubated in buffer alone (Table 1). The rates 
of maximum and LDL-inhibited synthesis in a single 
delipidated serum varied among subjects. For the pur- 
poses of variance analysis, the data have been log 
transformed to remove the correlation between mean 
and variance. 

For maximum incorporation there is significant 
heterogeneity between treatments (F = 69.8, P < 0.001) 
and between subjects (F = 24.1, P < 0.00 1 ) .  For mini- 
mum incorporation there is no significant heterogeneity 
between treatments (F < 1 .O) but there is heterogeneity 
between subjects (F = 6.1, P < 0.01). The error value 
was based on the pooled-between-replicates variation 
separately for either maximum or minimum incor- 
poration (i.e., 0.01 and 0.04 for 12 degrees of freedom, 
respectively). For neither maximum nor minimum 
incorporation was there indication of significant treat- 
ment-subject interaction. 

Incubation of cells in each delipidated serum re- 
sulted in a proportion of the newly synthesized sterol 
appearing in the medium (Fig. 1). This proportion was 
the same for each delipidated serum. Furthermore, if 
the rate of synthesis was inhibited by LDL, the same 
proportion of newly synthesized sterol was detected in 
the medium. With the exception of the minimum in- 
corporation in serum delipidated by method A, the 
agreement with the data presented in Table 1 is good. 
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DISCUSSION 

5 
After treatment by methods A and C, cholesterol 

could not be detected in the resultant delipidated 
serum. However, a trace (4 mg/dl) was not extracted 
by method B, an observation which has been noted by 
other workers (2). It is of note however that despite 
this residual cholesterol, delipidation of serum by this 
technique produces a serum that is as good an inducer 
of sterol synthesis as that produced by method C which 
is cholesterol-free. It is also of note that this residual 
cholesterol concentration is of the same order as that 
concentration of LDL cholesterol that is used to inhibit 
sterol synthesis and, yet, stimulation of synthesis is not 
prevented. 

Delipidation by method C is distinguished from the 
others in that there is removal of the apoprotein 
moieties as intact lipoproteins in the centrifugation 
procedure. Although there is a trace amount of A apo- 
protein in serum delipidated by this method,’ there is 
no detectable B apoprotein. 

The variation in rates of leukocyte sterol synthesis 
is typical of that reported elsewhere (14). However, 
the effect of delipidation technique on both the maxi- 
mum rate of synthesis and the ratio of maximum to 
LDL-inhibited rate has not been reported before and 
has great relevance to the use of these two parameters 
in the study of leukocyte sterol synthesis in the normal 
and hypercholesterolemic state (1 -5). 

A similar relationship between total incorporation 
of [I4C]acetate into sterols and [‘4C]sterols in the 
medium (Fig. 1) has been reported by other workers 
(2). The observation that this relationship holds for 
different delipidated sera both in the presence and 
absence of LDL is a clear indication of the importance 
of these sera in determining the rate of sterol synthesis. 

In studies of familial hypercholesterolemia, Fung 
et al. ( 1  3) have indicated the importance of using a 
delipidated serum that ipduces maximum sterol syn- 
thesis; incomplete delipidation can lead to apparent 
lack of inhibition by LDL, resulting in misclassification 
of this disorder. 

Of the delipidation methods described, method A 
has proved the most satisfactory. Not only has this 
method produced sera that induce higher rates of 
sterol synthesis, but is has also proved to be by far the 
most convenient method to use. This method has the 
advantage that the whole procedure can be completed 
quickly and also with high recovery of the volume 
originally extracted. The method is also flexible in that 
quantities of serum from one ml to several liters can 
be processed with ease. 

Slater, H. R. ,  and F. W. Robertson. Unpublished observations. 
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Fig. 1. Relationship between total mononuclear leukocyte sterol 
synthesis and sterols appearing in the culture medium. Human 
mononuclear leukocytes were isolated from 20 ml of venous blood 
collected from a healthy female donor as described in Methods. 
Flasks containing 2 X 10‘ cells each were incubated for 20 hr with 
4 pCi of [“Clacetate in RPMI 1640 containing 43% serum delipidated 
by method A, B, or C with (0) or without (0) LDL (8 mg cholesterol/ 
100 ml). Cells and media were then separated, digitonin-precipitable 
sterols were extracted, and radioactivity was measured. y = 0.57s 
- 0.07; r = 0.99; P < 0.00 1. 

Total [ Cl Sterols Synthesized 

10 dpm 1 2  x 10 cells 

Studies are at present being made to explain the 
different cell responses to sera delipidated by differ- 
ent methods and the nature of the transfer of de novo 
synthesized sterols from cell to medium. l  

Excellent technical assistance by Ms. Valerie Murphy is grate- 
fully acknowledged. This work was supported by a grant 
from the Wellcome Foundation (No. 5764h.5). 
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