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It is shown that the lipid composition of desialylated low-density lipoproteins differs con- 
siderably from that of  native (sialylated) lipoproteins. Desialylated lipoproteins have 
a lower content of fat-soluble vitamins and a higher in vitro oxidizability. 
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Accumulation of lipids by intimal aortic cells is one 
of the main manifestations of atherosclerosis. It has 
been generally recognized that modified low densi- 
ty lipoproteins (LDL) circulating in human blood 
are an important atherogenic factor. We have de- 
tected modified LDL with a reduced content  of 
sialic acid (desialylated LDL, DLDL) in human 
blood [5] and developed a method for their isola- 
tion [9]. It was demonstrated that DLDL but not 
sialylated LDL (SLDL) induce lipid accumulation 
in human aortic intimal cells, i.e., DLDL are ather- 
ogenic. In this study we compared the lipid com- 
position of SLDL and DLDL. 

MATERIALS AND METHODS 

Pooled plasma of healthy subjects (24 males and 6 
females aging 33-49 years) and of  patients with 

Cardiology Research Center, Russian Academy of Medical Sciences, 
Moscow 

ischemic heart disease and angiographically docu- 
mented coronary atherosclerosis (24 males and 6 fe- 
males aging 28-48 years) was used. None of the in- 
dividuals had a history of diabetes mellitus or arterial 
hypertension. Low-density lipoproteins (1.019-1.063 
g/ml) were isolated by ultracentrifugation [4]. DLDL 
and SLDL were separated by affinity chromatogra- 
phy on ricin-agglutinin (RCA 4120) agarose [9]. 

Lipids from cells and LDL were extracted as 
described [2] and [1], respectively. The total cho- 
lesterol content was determined by the method [7] 
using a Boehringer Mannheim kit. 

Neutral lipids were separated by thin-layer chro- 
matography with the use of  two solvent systems: 
benzene:diethyl ether:ethanol:acetic acid (50:40:2:0.2, 
v/v) and n-hexane:diethyl ether:acetic acid (90:10:1, 
v/v). The contents of individual lipids were meas- 
ured by scanning densitometry [6]. 

Phospholipids were separated using a methyl- 
acetate:n-propanol:chloroform:methanol:0.25 % KC1 
(25:25:25:10:9, v/v) mixture. The phospholipid con- 
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tent was measured by scanning densitometry of by 
colorimetric determination of lipid phosphorus [10]. 

The hydroxysterol content was determined with 
the use of a kit (Boehringer Mannheim) for enzyme 
determination of cholesterol after alkaline hydroly- 
sis of lipids and their separation by thin-layer chro- 
matography in a hexane:acetone system (3:1, v/v). 

The sialic acid content was determined as descffoed 
elsewhere [8]. The levels of thiobarbituric acid-reactive 
substances (TBARS) in LDL preparations were meas- 
ured by the method of Yagi [11]. The contents of vita- 
mins E and A were determined as descnbed [3]. 

RESULTS 

The content of neutral lipids in SLDL and DLDL 
of healthy subjects and patients is given in Table 1. 
The contents of the major neutral lipids (triglycer- 
ides and free and esterified cholesterol) were prac- 
tically the same in pooled LDL of healthy subjects 
and patients. Meanwhile, the contents of monoglyc- 
erides and free fatty acids were higher in pooled 
LDL of patients (Table 1). 

The levels of neutral lipids in SLDL and pooled 
LDL of healthy subjects were practically the same 
(Table 1). In DLDL of healthy subjects, the con- 
tent of free and esterified cholesterol was 30-40% 
lower and that of free fatty acids monoglycerides 
1.5-fold higher than in SLDL and pooled LDL. 

The content of triglycerides and free and ester- 
ified cholesterol in patients '  SLDL was 20-25% 
higher than in pooled lipoproteins (Table 1). The 
content  of triglycerides and of  free and esterified 
cholesterol in patients' DLDL was 1.5- to 2-fold 
lower than in pooled LDL (Table 1). However, the 
level of free fatty acids, mono-,  and diglycerides in 
them was 3- to 5-fold higher than in pooled LDL 
or SLDL. 

Table 2 shows the content of major phospholip- 
ids in LDL of healthy subjects and patients. Pooled 
LDL of patients had a lower content of phosphati- 
dylethanolamine and higher content  of  lysophos- 
phatidylcholine compared with that in pooled LDL 
of healthy subjects. The lipid composition of SLDL 
of healthy subjects was practically the same as that 
of the pooled LDL and SLDL of patients (Table 2). 

TABLE 1. Content of Neutral Lipids in SLDL and DLDL in the Plasma of Healthy Subjects and Patients with Ischemic Heart Disease 

Lipid content, ~g/mg protein 

Fraction t ' 
ester• cholesterol triglycerides diglycerides rnonoglycerides free fatty acids 

cholesterol 

Healthy subjects 

Pooled LDL 

SLDL 

DLDL 

Patients 
Pooled LDL 

SLDL 

DLDL 

1956• 

2055• 

1507_+58 

1793• 

2215_+74 

1412• 

587• 

628.+_29 

427_+14 

521_+29 

638• 
359• 

260• 

268• 

206• 
I 

16• 

15• 

15• 

24• 

29.1:2 

39• 

269• 

301• 

196• 

19• 

15_+1 

25• 

46_+3 

27• 

82• 

58_+3 

58• 

79_+3 

98_+3 

53• 

196_+2 

TABLE 2. Content of Phospholipids in SLDL and DLDL in the Plasma of Healthy Subjects and Patients with Ischemic Heart Disease 

Phospholipid content, gg/mg protein 

Fraction ! 
phospha- tysophospha- sphingo- phosphatidyl- phosphati- phospha- 

tidylcholine tidylcholine myelin ethanolamine dylinositol tidylserine 

Healthy su~ects 
Pooled LDL 

SLDL 
DLDL 

Patients 
Pooled LDL 

SLDL 

DLDL 

897_+30 

905• 

752_+36 

846_+41 

1105_+96 

673_+37 

53_+4 

51• 
71• 

79• 

56• 

103• 

416• 

408• 

402_+15 

374• 

407• 

308• 

42_+2 

34• 

26_+2 

32• 

41• 

19_+1 

37• 

35• 

30_+3 

35_+3 

37_+3 

29_+3 

21_+1 

23_+2 
19_+1 

19_+1 

24+_2 

17_+2 
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TABLE 3. Content of TBARS and Vitamins A and E in SLDL and DLDL of Healthy Subjects and Patients with Ischemic Heart Disease 

Fraction 

Healthy subjects 
Pooled LDL 

SLDL 

DLDL 

Patients 
Pooled LDL 

SLDL 

DLDL 

TBARS, pmol/mg protein 

control 

186• 

179• 

215• 

223• 

179• 

215• 

+10 taM CuCI 2 

2485• 

2496• 

4956+_208 

5079• 

2846+_280 

8496• 

Hydroxysterols, 
tag/mg protein 

20+_2 

19• 

34+3 

41• 

26• 

78• 

Vitamins, gg/mg protein 

A 

0.23+0.1 

0.25+0.2 

0.19+0.1 

0.18+0.1 t 
0.21+0.2 

0.14+0.1 t 

E 

4.5+0.5 

4.3• 

3.5+0.2 

3.1+0.2 

3.9+0.3 

2.1+0.2 

DLDL of healthy subjects had a lower content of 
phosphatidylcholine and higher content of lysophos- 
phatidylcholine compared with pooled and sialylat- 
ed LDL. 

The phospholipid composition of SLDL of healthy 
subjects and patients proved to be practically the 
same. The content of phosphatidylcholine, phos- 
phatidylethanolamine, and sphingomyelin in patients' 
DLDL was 1.5- to 2.0-fold lower than in SLDL. On 
the other hand, the lysophosphatidylcholine content 
of patients' DLDL was twice as that of SLDL (Table 
2). The TBARS content in pooled L D L  of healthy 
subjects and patients was virtually the same (Ta- 
ble 3). SLDL and DLDL did not differ consider- 
ably in the TBARS content. Incubation of LDL 
in the presence of 10 .5 M Cu 2§ led to a marked 
increase in the TBARS content (Table 3). It is 
noteworthy that the increase in the TBARS level 
in patients'  LDL was twice as that in LDL of 
healthy subjects. However, the content of TBARS 
in copper-oxidized DLDL of healthy subjects was 
twice as that in oxidized SLDL. Patients' DLDL 
had the highest oxidizability. 

Four major hydroxysteroids were identified in 
LDL by thin-layer chromatography: 7-keto-, 5,6- 
diene-, 7-hydroxy-, and 25-hydroxysteroid. The to- 
tal content of hydroxysteroids in LDL of healthy 
subjects and patients is given in Table 3. The hy- 
droxysteroid content in DLDL (both of healthy sub- 
jects and patients) was 2- to 4-fold higher than that 
in SLDL. 

The content of fat-soluble vitamins (A and E) 
was much lower in DLDL than in native LDL (Ta- 

ble 3), which may account for the higher in vitro 
oxidizability of DLDL. 

Thus, we have shown that DLDL markedly dif- 
fer from native (sialylated) LDL in lipid composi- 
tion, the differences being m o r e  pronounced in 
LDL of patients with ischemic heart disease. 

Desialylated LDL have a lower lipid content 
and, consequently, higher density and smaller size 
in comparison with SLDL. The loss of fat-soluble 
vitamins results in a higher oxidizability of these 
LDL. The mechanism underlying these modifica- 
tions is unclear. Further investigation of this prob- 
lem is important for better understanding of modi- 
fications that render LDL atherogenic. 
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