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XT A method for separating granulocytes from human blood is 
described. These cell preparations are shown to synthesise digitonin- 
precipitable sterols, but at lower rates than mononuclear cells 
separated from the same blood sample. Belipidated serum is shown to 
stimulate granulocyte synthesis and low density lipoproteins depress 
it. Cholesterol and squalene have been detected amongst the lipids 
synthesised by granulocytes using Thin Layer Chromatography. 

Conflicting reports have been made on the ability of granulocytes 

to synthesise sterols, One study on rat cells (6) has reported a 

total absence of synthesis whereas another describes active choleste?+ 

ogenesis (7). A study of human granulocytes (5) describes an ability 

to synthesise squalene but not sterols. We report a method of isola- 

ting human granulocytes which demonstrate both squalene and stercl 

synthesis and describe some factors which influence it. 

METHODS 

Cells were separated from 2Om.l of heparinised venous blood 
collected after a 12-14 hour fast. The blood was mixed in a siliconised 
tube with half its volume of Plasmagel (Laboratoire Roger Bellon, Neuilly, 
France) and allowed to stand at room temperature for 45 minutes. The 
upper leukocyte-rich fraction was removed and layered onto Lymphoprep (8). 
After centrifkgation at 400g for 25 minutes, mononuclear cells form a 
band at the Plasmagel-Lymphoprep interface; granulocytes and residual red 
blood cells are sedimented to the bottom of the tube. Cells were washed 
with calcium-free Erebs Ringer Phosphate Buffer pH 7.4 and aliquots 
counted using an Improved Neubauer counting chamber. Slides for differ- 
ential counting were prepared using a cytoeentrifuge (Shandon Elliot) and 
Wright's stain. 

Ltd.) 
Cells (2 x 106) were suspended in RPHI 1640 media (Gibco Biocult Labs 
containing 100 U of penicillin/ml and 100 

with 1.5ml delipidated serum (lmg/ml proteipi, c 
g of streptomycin/ml 
0.5ml low density lipo- 

protein (72mg cholesterol/dl) and 20~1 [B- C] acetate (22.4 Ci/mol). 
All volumes were made up to 3.52 ml with RPM1 1640. 
the media with & 02/s C02, the cells were 

After gquilibrating 
incubated at 37 C for O-20 

hours. 
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Human serum was delipidated by the method of Cham and Knowles (5). 
Human low density lipoprotein was separated by sequential flotation in 
the ultracentrifuge (10) and stabilised in a 4s solution of bovine 
serum albumin. All sera or serum fractions were extensively dialysed 
against buffered saline and sterilised by membrane filtration. 

Incubations were texminated by the addition of lml 12 N NaOH and 
4.5ml methgnol to each culture. The mixtures were saponified for one 
hour Bt 70 C and neutral lipids extracted into petroleum ether b.p. 
60-80. ,& -hydroxy sterols were precipitated from the petroleum ether 
with digitonin (11) and washed twice with 8& ethanol and once with 
ether. The digitonides were dissolved in 0.5ml methanol, added to 
scintillation fluid and radioactivity measured. 

Petroleum ether extractions were chromatographed in benzene on 
thin layer silica gel plates with cholesterol and squalene standards. 
Radioactive spots were photographed in a spark chamber (Birchover 
Instruments) and scraped into scintillation fluid for radioactive 
counting. 

RESULTS 

The granulocyte preparations incorporate f4C] acetate into 

digitonin-precipitable sterols as shown in fig.1. The cell preparation 

method used yielded white cell cultures containing at least 9% poly- 

morphonuclear neutrophils. Red blood cell contamination varied depend- 

ing on the efficiency of the Plasmagel separation stage but remained 

below 20 red blood cells per leukocyte. To maxi&se the yield of 

viable granulocytes, no attempt was made to remove these residual blood 

cells. Appropriate controls were included to correct for possible use 

of c 14 Cl acetate by red blood cells but no competition for substrate or 

sterol synthesis was detectable in these cells. 

As with mixed leukocytes (12), sterol synthesis in granulocytes was 

stimulated by delipidated serum as shown in fig.2. 

To identify radioactive products, petroleum ether extractions of 

saponified granulocyte cultures were resolved by thin layer chrcmato- 

graphs as shown in fig.5. Four radioactive spots were repeatedly obser- 

ved, two of which co-chromatographed with cholesterol and squalene stan- 

dards. 

The rate of sterol synthesis of granulocytes has been compared with 

that of mononuclear cells separated from the same blood semple as shown 
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FIGURE I Time Course of Incorporation of 14 C Acetate into Dinitonin- 

Precidtable Sterols by Granulocytes (0) and Mononuclear 

Leucocytes (a)-. 

Granulocytes and mononuclear cells were separated from 2Omls of 
venous blood collected from a healthy female donorgaged 45 years as 
described in "Methodst' 
mononuclear cells were'incubated with 4 

Flasks containing 2 x,l@ granulocytes or 

d" 
Ci of [ Clacetate for 3-11.5 

hours; the concentration of delipidate aerum was 426,ug protein/ml. 
Digitonin-precipitable sterols were extracted and radioactivity measured. 

FIGURE 2 The Effect of Delipidated Serum on Synthesis of Dinitonin- 

Precidtable Sterols by Granulocytes. 

Granulocytes were separated from 2Omls of venous blood collected 
from a healthy female dogor aged 45 years as described in Wethods". 

2 x 10 granulocytes each were incubated for 20 hours 
variable concentrations of delipidated 

digitonin-precipitable sterols were extrac- 

in fig.1. In the latter stages of incubation, where incorporation rates 

approach linearity, mononuclear cells synthesise at approximately four 

times the rate of granulocytes. 

Purified low density lipoprotein has been shown to be a potent 

inhibitor of sterol synthesis in human mononuclear leukocytes (4). Such 

inhibition has been demonstrated in granulocytes as shown in fig.4. 

DISCUSSION 

The stimulation of granulocyte sterol synthesis follows a time 

coupse very similar to that of mixed leukocytes (1) and mononuclear cells 
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Thin Larer Chromatography of Neutral LiDidS Ssnthesised by 

Granulowtes, 

Granulocytes were separated from 2&l of venous blood collected 
from a healthy female donor aged 52 pars as described in "MethoW. 
Three flasks, each conta@ing 2 x 10 granulocytes, were incubated for 
20'hours with 4rCi of [ Cl acetate; 
serum was 426pg protein/ml. 

the concentration of delipidated 
After saponification, neutral lipids from 

each flask were extracted into petroleum ether and pooled. The solvent 
was then evaporated under nitrogen and lipids redissolved in 50,ul of 
petroleum ether. 20,ul of this extract were chromatographed in benzene 
on a silica gel thin layer plate along with cholesterol and squalene 
standards. 
Lane 1 - 
Lane 2- 

20~1 cholesterol standard; lOmg/ml. 

Lane 3 - 
20~1 petroleum ether extract. 
3fllsqualene standard. 

Radioactive spots were located by photography in a spark-chamber and 
removed for measurement of radioactivity by scintillation counting. 

FIGURE 4 The Effect of Low-Density Liuourotein on Synthesis of 

Diaitonin-Precipitable Sterols by Granulocytes. 

Granulocytes were separated from 20ml of venous blood collected 
from a healthy female dogor aged 32 years as described in WethocW. 
Flasks conta' 
with 4pCi 

+&ix% 2 x IO granulocytes each were incubated for 20 hours 
[ C] acetate in variable concentrations of low-density lipo- 

protein (O-SOyg cholesterol/ml); 
serum was 426,~~ protein/ml. 

the concentration of delipidated 
Digitonin-precipitable sterols were then 

extracted and radioactivity measured. 

(fig.1 ). When incubated in a cholesterol-free, delipidated serum-containing 

medium, the cells begin to synthesise sterols after a short lag-period. 

It seems likely that induction of eneymes necessary for endogenous synthe- 

sis takes place during this stage. The rates of sterol synthesis observed 
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cannot be explained by the verg small numbers of contaminating mononuclear 

cells. 

Granulocytes, like other nhite blood cells, show a minimum of sterol 

synthesis in the absence of delipidated serum (fig.2). The nature of 

this stimulation is unknown although loss of sterols from the cells into 

the medium may be involved (1). 

Sterol synthesis in granulocytes can be inhibited by low density 

lipoproteins (fig.3) as previously shohn in skin fibroblasts (13), 

leukocytes (12) and human arterial smooth muscle cells (14). As with 

these other cell types, the effective concentration of low density lipo- 

protein required are much lover than those found in serum suggesting that 

endogenous sterol synthesis is normally repressed. 

Granulocytes have been shown to synthesise less actively than 

mononuclear cells separated from the same blood sample. It thus seems 

advisable to avoid the use of mixed leukocyte cultures although these 

have proved useful in the definition of genetic abnormalities of lipid 

metabolism (1,2,3). For the purpose of genetic screening, granulocytes 

offer a more convenient material than cultured fibroblasts. Since 

lymphocytes are known to consist of a number of functionally defined 

subpopulations, granulocytes may offer an equally convenient and more 

homogenous cell type. 
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