
Platelet function and platelet lipid composition 
in the dysli poproteinemiasl 

Kamini M. Shastri, Angelina C. A. Carvalho,2 and Robert S. Lees 
Arteriosclerosis Center, Massachusetts Institute of Technology, Cambridge, MA; 
Coagulation Research Laboratory and Cardiac Unit, Massachusetts General Hospital, and 
Department of Medicine, Harvard Medical School, Boston, MA 

Abstract Blood platelets from eight patients with hyper- 
betalipoproteinemia (type 11) were more reactive to aggre- 
gating agents in vitro than those of 13 type IV patients 
or 12 normal subjects. Platelets of two patients with abeta- 
lipoproteinemia were also slightly hyperreactive in compari- 
son with normal platelets. However, in one patient with 
Tangier disease the platelets were distinctly hyporeactive 
to aggregating agents. Total platelet phospholipid concen- 
tration (PL) was elevated in the four groups of patients 
studied but was highest in the platelets of type IV patients. 
Platelet-free cholesterol (FC) was significantly higher than 
normal in all of the dyslipoproteinemias studied. The FC 
was highest in the two patients with abetalipoproteinemia. 
The FC/PL molar ratio was normal in all but the abeta- 
lipoproteinemic patients, in whom it was markedly elevated. 
Therefore, there is no apparent correlation between FC/PL 
molar ratio and platelet behavior in vitro. Analysis of in- 
dividual platelet phospholipids in the four patient groups 
showed that platelets in Tangier disease had very low con- 
centrations of lysolecithin and phosphatidylinositol (PI) in 
comparison with normal platelets and the other disease 
states. Our findings suggest that lysolecithin and phospha- 
tidylinositol may be involved in the structure or function 
of the sites which modulate platelet response to aggregating 
agents.-Shastri, K. M., A. C. A. Carvalho, and R. S. Lees. 
Platelet function and platelet lipid composition in the dys- 
1ipoproteinemias.J. Lipid Res. 1980. 21: 467-472. 
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The incidence of atherosclerosis and its thrombotic 
complications is much increased in certain types of 
hyperlipoproteinemia ( 1,2), while in some lipoprotein 
deficiency states atherosclerosis is uncommon if it oc- 
curs at all (2). Since the blood platelets appear to play 
an important role in initiating the thrombotic compli- 
cations of atherosclerosis and may be involved in ath- 
erogenesis (3, 4), we and others have investigated 
platelet function in the disorders of lipoprotein me- 
tabolism. Platelets from patients with hyperbetalipo- 
proteinemia have increased sensitivity in vitro to ag- 
gregating agents, as well as increased nucleotide release 
(5), while platelets from patients with hypertriglycerid- 

emia exhibit normal in vitro reactivity to ADP and 
collagen and hypersensitivity only to epinephrine. 

Investigations into the mechanism of these changes 
in platelet behavior suggest that platelet composition 
may be closely related to platelet function. Enrichment 
of platelets with cholesterol in vitro, for instance, in- 
creases their sensitivity to aggregation (6), while cho- 
lesterol feeding to primates shortens platelet half-life 
in vivo (7). 

Since tissue lipid abnormalities are usually more 
striking in the hypolipidemic states than in the hyper- 
lipidemias, we have investigated platelet function in 
two lipoprotein deficiency diseases, abetalipoprotein- 
emia and Tangier disease, compared it with the results 
of similar studies in the common Type I1 and Type 
IV hyperlipoproteinemias, and have related platelet 
function in all four groups of patients to platelet lipid 
composition. 

MATERIALS AND METHODS 

Patient selection 
Two patients with well-documented abetalipopro- 

teinemia (2) had complete absence of beta and pre-beta 
lipoproteins and chylomicrons from their plasma. 
Eight patients (Type I1 according to the Frederickson- 
Lees classification (8)) (five males and three females) 
were studied; all had at least one first-degree relative 

Abbreviations: PL, phospholipid; FC, free cholesterol; PI, 
phosphatidylinositol; Type 11, familial hypercholesterolemia; 
Type IV, hyperprebetalipoproteinemia; PS, phosphatidylserine; 
SF, solvent front; SM, sphingomyelin; PE, phosphatidylethanol- 
amine; LL, lysolecithin; PRP, platelet-rich plasma; TLC, thin- 
layer chromatography. 

This work was presented in part at the annual meeting of The 
Federation of American Societies for Experimental Biology, April 
1976, and in part at the American Heart Association Meeting, 
November, 1976. 
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Park, Providence, RI 02908. 
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with either hypercholesterolemia or xanthomatosis. 
Each patient had more than one lipoprotein electro- 
phoretic pattern characteristic of type 11. 

Eleven patients (all males) with familial hyperpre- 
betalipoproteinemia (Type IV) were selected after 
documentation of an increase in plasma triglycerides 
and prebetalipoproteins with normal plasma cholesterol 
and beta lipoprotein concentrations. 

Thirteen normal individuals (seven males and six 
females) were selected from healthy laboratory per- 
sonnel. They were known to have normal platelet 
function and normal plasma lipid and lipoprotein 
concentrations. 

One patient with well-documented Tangier disease 
(9) and complete absence of normal alpha lipopro- 
teins was studied. 

All patients and normal subjects had not taken any 
medications for at least 15 days prior to blood collec- 
tion. Blood was withdrawn after a 12-hr fast. All were 
on free normal diet at time of study. 

Preparation of platelets and plasma 
for aggregation 

Blood was collected through siliconized needles into 
plastic syringes. Nine volumes of blood were added to 
one volume of 3.8% aqueous sodium citrate in plastic 
tubes. Samples were centrifuged at 23°C for 10 min 
at 100 g; the resultant platelet-rich plasma (PRP) had 
a platelet count of 200,000 to 250,000 per microliter. 
On microscopic examination, PRP had 1 % red blood 
cells and only an occasional leukocyte. The remaining 
blood was centrifuged at 3000g for 15 min at 23°C. 
The platelet count of this platelet-poor plasma (PPP) 
was below 20,000 per microliter. Platelets were ana- 
lyzed within 30 min of blood collection. 

Platelet aggregation 
Platelet aggregation was studied as described pre- 

viously, according to a modification of the method of 
Born (5, 10). Adenosine diphosphate and l-epineph- 
rine were obtained from Sigma Chemical Co., St. 
Louis, MO and soluble calfskin collagen from Worth- 
ington Biochemical Co., Freehold, NJ, and prepared 
as described previously (5). The aggregometer 
(Chronolog Corp., Broomall, PA) was set up so that 
the percent transmittance of platelet-rich plasma was 
recorded as 0, and that of platelet-poor plasma as 100. 
Each aggregating agent was tested to determine the 
lowest concentration capable of inducing pen deflec- 
tion from 0 to maximum transmittance. The maxi- 
mum transmittance to each aggregating agent, which 
included the first and second wave of aggregation, 
was defined as “full response” and ranged from 65 
to 100% in the normal individuals. 

Preparation of platelets for lipid analysis 
Sixty to 80 ml of blood was drawn from each subject 

into disodium EDTA at a final concentration of 7 mM. 
Platelet-rich plasma was separated by centrifugation 
at 23°C for 10 min at lOOg. The aliquots of PRP 
were combined in a 50-ml round bottom polystyrene 
tube and centrifuged at 4°C for 30 min at 3000g. 
The resulting platelet pellet was resuspended in 20-30 
ml of modified Ringer’s solution (KCl4 mM, NaCllO7 
mM, NaHC03 20 mM, Na2S04 2 mM, EDTA 2 mM, 
1% dextrose; pH 7.1-7.2). Platelet count of the pellet 
ranged from 3 to 5 x lo9. The platelets were washed 
three times and frozen at -30°C for no longer than 
2 weeks under nitrogen until lipid extraction. Platelet 
concentrates obtained from two units of whole blood 
were prepared as described above and phospholipids 
were fractionated by thin-layer chromatography to 
confirm R,  of minor platelet phospholipids including 
phosphatidylinositol and lysolecithin. These platelet 
pellets were extracted immediately and after 3,6,  and . 
12 weeks of storage at -30°C to test the effects of 
storage. 

Platelet lipid analysis 
Lipid extraction of the washed platelet pellets was 

carried out by the method of Folch, Lees, and Sloane 
Stanley (1 1) using redistilled chloroform and metha- 
nol with BHT (50 mgkter) as an antioxidant. Extracts 
were filtered through solvent-washed filter paper; an 
aqueous wash was not performed to avoid loss of polar 
phospholipids. Because only a single patient with 
Tangier disease and two with abetalipoproteinemia 
were studied, the lipid analyses for each of those 
three patients were performed on three separate 
occasions on platelets from blood drawn especially 
for each analysis. 

Free cholesterol was determined by the method of 
Rude1 and Morris (12). Some samples were analyzed 
by Auto Analyzer (13) as well; the results were essen- 
tially identical. Lipid phosphorus was estimated by 
Bartlett’s method (14). 

Thin layer chromatography 
Phospholipid separation was carried out by one- 

dimensional thin-layer chromatography (TLC), in 

Precoated silica gel H TLC plates (20 x 30 cm x 0.26 
mm, Applied Science Laboratories, State College, 
PA) and individually prepared plates gave compatible 
results. Thin-layer chromatography plates were 
prewashed with the developing solvent before use, 
activated at 1 10°C for 60 min, then cooled in a desiccat- 
ing cabinet. The tank was saturated with the develop- 

CHCl3-CH3OH-CH3COOH-HzO 100:60: 1 6 ~ 8  (15). 
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ing solvent for 60 min before use. Samples were 
applied with prewashed disposable plastic micro- 
applicators (Applied Science Laboratories). Phospho- 
lipid standards (obtained from Serdary Res. Lab., 
Ltd., London, Ontario, Canada) were run in parallel 
with the samples. After running at least 15 cm the 
plates were air-dried and the phospholipid bands 
were visualized in an iodine chamber. Each spot was 
then scraped from the plate by the method of Parker 
and Peterson (16) for determination of lipid phos- 
phorus. Solvent blanks and blank areas from each 
TLC plate were used as controls. 

Statistical analysis 
The compositional data was analyzed by Student's 

t test with a Bessel correction for small sample size. 
All lipid results are expressed as mean t SD. Since 
the concentrations of aggregating reagents were 
distributed lognormally (5 ) ,  the t test for platelet 
aggregation data was performed on the logarithm 
of reagent concentration. 

RESULTS 

Plasma lipid composition 
The patients with abetalipoproteinemia had low 

plasma cholesterol concentrations and essentially no 
plasma triglycerides, as expected (Table 1). The 
patient with Tangier disease had a low normal plasma 
cholesterol and elevated triglycerides, as is character- 
istic of that disease. The concentration of total and 
LDL cholesterol in the plasma of the type I1 patients 
had significantly elevated plasma triglycerides. 

Platelet aggregation 
The results of platelet aggregation studies are 

shown in Fig. 1. In contrast to the response of the 
normal platelets, the platelets of the patient with 
Tangier disease aggregated only to the extent of 
25% (no second wave), even with concentrations 
of ADP (20, 40 p M )  up to 10-fold greater than re- 
quired to aggregate normal platelets. Similar results 
were obtained with epinephrine. Even at concentra- 
tions of 25 and 50 pM, aggregation was not complete. 
However, the platelets of the patient with Tangier 
disease aggregated normally in response to collagen. 
The differences from normal were even more marked 
when 220% aggregation was used as an end point (17). 

The platelets from the abetalipoproteinemic patient 
aggregated normally to ADP were borderline hyper- 
reactive to epinephrine and collagen. Platelets from 
subjects with Types I1 and IV hyperlipoproteinemia 
behaved as described previously (5); the Type I1 

TABLE 1. Characteristics of the patients studied 

Number of Total Plasma Plasma 
Group Subjects Cholesterol Triglycerides 

mgl100 ml 

Normal 13 184 2 23" 65 2 29 
Tangier disease 1 42 2 8 1 9 5 k  11 

Type I1  8 334 k 71 105 k 57 
Type IV 11 171 2 30 297 2 94 

Abetalipoproteinemia 2 34 2 4 0 

a Mean ? 1 SD. 

patients' platelets were hyperreactive to all three 
aggregating agents, while those of Type IV patients 
were hyperreactive only to epinephrine. 

Platelet lipid composition 
The lipid analysis of platelets from normal and 

dyslipoproteinemic subjects is shown in Table 2. 
Platelet-free cholesterol in the normal group was 
65 k 4.2 pg/lOg platelets. Unlike the plasma, where 
most of the cholesterol is esterified, essentially all 
the platelet cholesterol is in the free form (18). Platelet 
cholesterol was significantly higher than normal in all 
the dyslipoproteinemias and was highest in the two 
patients with abetalipoproteinemia (P < 0,001). Total 
platelet phospholipids were also elevated in all four 
patient groups. The free cholesterol to phospholipid 
molar ratio was normal, except in the abetalipopro- 
teinemic patients, in whom it was markedly high. 

Phospholipid fractionation 
When the platelet concentrate prepared from one 

unit of blood was applied to a TLC plate, complete 
separation of all major phospholipids was obtained. 
In particular, there was good resolution between 
phosphatidylinositol (PI) and phosphatidylserine 
(PS). Table 3 shows the platelet phospholipid com- 
position for each of the four disease states. In absolute 
terms the amount of each phospholipid per platelet 
was increased almost across the board. The deviations 
from normal in platelet phospholipid distribution 
are much greater in the two lipoprotein deficiency 
states than they are in the two syndromes of lipopro- 
tein excess. In Tangier disease, lysolecithin and 
phosphatidylinositol are uniquely low, not only as a 
percent of platelet phospholipid but also in absolute 
amount of those components per platelet. 

Platelets of both type I1 and IV  subjects (Table 3) 
had a significant increase in phosphatidylinositol (PI) 
and the minor lipids that are at the solvent front (SF), 
compared with the normal. Relatively small decreases 
in sphingomyelin (SM) in type I1 and phosphatidyl- 
serine (PS) in type IV patients were found. In the 
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PLATELET AOOREOATION 
IN FOUR O Y S L l P O P R O T E I N E Y I A S  
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Fig. 1. Platelet aggregation in four dyslipoproteinemias. The  bars labeled N represent values obtained  in 
normal individuals, those labeled T, the patient with Tangier disease, as. the patients with abetalipopro- 
teinemia, I I ,  those with familial hyperbetalipoproteinemia, and IV, those with familial hypertriglyceridemia. 
The left-hand set of bars  represents the threshold  concentrations for complete ADP-induced aggregation, 
except  in the  Tangier patient  (see  text), the middle  set that  to  epinephrine,  and  the right-hand set the 
response to collagen. The  standard deviations shown by the error bars were calculated on  the logarithm of 
reagent  concentrations, as explained in the Methods section. 

patient with Tangier disease the platelets had a 
significant increase in PS,  PE and SF lipids and a 
significant decrease in PI, SM and LL compared 
with normal. 

DISCUSSION 

Platelets  of patients with hyperbetalipoproteinemia 
(Type 11) are hyperreactive to all aggregating agents, 
while those of type IV patients were hyperreactive 
only to epinephrine, when compared with normal 
platelets. In marked contrast, the platelets from  the 
patient with Tangier disease were unreactive to ADP 
or  epinephrine but exhibited normal aggregation and 
complete release to collagen. In abetalipoproteinemia, 
aggregation to ADP was within the normal range, 
while that to epinephrine was similar to type IV and 
that to collagen similar to the platelets of patients 
with  type 11. This is a surprising  result since abetalipo- 
proteinemia is characterized by complete absence 

of both beta and prebeta lipoproteins, while type I1 
and IV hyperlipoproteinemia imply an excess  of one 
or the  other of these lipoprotein species. 

We studied platelet lipid composition in an  effort 
to explain the platelet functional findings, expecting 
to find some reflection in platelet lipids of the striking 
lipoprotein differences among  the  four  groups of 
patients. Unlike the plasma, where most  of the choles- 
terol is esterified, cholesterol in platelets is almost 
all in the free form (18). Platelet cholesterol was 
significantly higher  than  normal in type I1 patients, 
as reported by Shattil et al. (6), but it was also high in 
the  other diseases studied, and highest in the two 
patients with abetalipoproteinemia. Total phospho- 
lipids were elevated in  all dyslipoproteinemias, but 
were highest in the type IV patients. 

The platelet free cholesterol to phospholipid molar 
ratio was normal in all groups except the patients 
with abetalipoproteinemia, in whom it was markedly 
high. Therefore,  no clear explanation for the aggrega- 
tion abnormalities was forthcoming  from these results. 
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TABLE 2. Platelet lipid composition 

Free Free Cholesterol 
Platelet Count Phospholipid" Cholesterol Phospholipid 

xi09 pg/ lOg platel& molar ratio 

Normal subjects (13)* 4.8 t 2.0' 9.2 t 1.6 64.7 t 14.6 0.54 t 0.07 
Tangier disease (1) 3.6d 12.3 f 0.62 98.6 t 9.1 0.64 f 0.05 
Abetalipoproteinemia (2) 3.Bd 13.0 t 0.16 239 t 10.6 1.47 f 0.05 
Type 11 (8) 4.1 f 1.3 14.7 t 2.2' 106.6 t 28.3- 0.58 f 0.12 
Type IV (13) 3.5 f 1.9 20.9 t 6.7' 130.7 t 47.9' 0.52 t 0.11 

" Lipid phosphorus. 
Number of subjects. 
Standard deviation. 

" 3.6-3.9. 
' P  < 0.001. 

Quantitation of the individual platelet phospho- 
lipids showed that the deviations from normal were 
much greater in the lipoprotein deficiency states than 
in the diseases of lipoprotein excess. The platelets 
of the patient with Tangier disease, which were 
hyporeactive to ADP and epinephrine were uniquely 
low in two different phospholipid classes-lysoleci- 
thin and phosphatidylinositol. Lysolecithin and 
phosphatidylinositol were low not only as a percent 
of total platelet phospholipid in Tangier disease, but 
also in absolute amount of these components per 
platelet. Despite wide variations in the relative 
composition of the platelet phospholipids in the 
other three groups of dyslipoproteinemias, platelet 
aggregation was normal or increased, as were the 
concentrations of LL and PI. 

A direct relationship between platelet phospholipid 
distribution and platelet aggregation and release 
has been suggested (19) and demonstrated in vitro 
(20) in normal platelets. Bills, Smith, and Silver (21) 
have demonstrated that normal human platelets have 
a mechanism for incorporating the polyunsaturated 
fatty acid, arachidonic acid, from plasma into their 
phospholipids and, in response to the aggregating 
agent thrombin, mechanisms for hydrolyzing it from 

platelet phosphatidylcholine and phosphatidylinosi- 
tol. Similar data have been obtained by Rittenhouse- 
Simmons (22). Furthermore, Bills et al. (21) demon- 
strated that thrombin stimulates two types of platelet 
phospholipase A, activities, one which specifically 
releases arachidonic acid from PC and another which 
releases it from PI. Therefore it is possible that the 
increase in PI in our patients with heightened platelet 
response is an important determining factor of 
platelet hypersensitivity to aggregating stimuli. Al- 
ternatively, these platelets may have an increase in 
platelet phospholipase A, or abnormalities in fatty 
acid distribution in each phospholipid class. The 
latter hypothesis is now under evaluation. 

It is possible that in hyperlipidemias the platelets 
contain more arachidonic acid in PI than in normal 
platelets. Since a number of oxygenated derivatives 
of arachidonic acid, including prostaglandin G,, H2 
and thromboxane A,, have potent effects on platelet 
function they are now considered to play an important 
role in hemostasis and thrombosis (23). Since only 
trace amounts of free arachidonic acid are found in 
platelets (18), that which is oxygenated during 
platelet aggregation must be released from platelet 
phospholipids. 

TABLE 3. Platelet phospholipid composition 
~ ~~~ 

Origin LL SM PC PI PS PE SF 

(% lipid phosphorus an phospholipids) 

Normal subjects (13)O 4.3 f 1.2b 5.5 t 1.4 16.2 t 1.3 25.8 t 1.4 5.4? 1.2 14.2 2 1.3 22.7 ? 2.5 5.5 t 1.8 
Tangier disease (1) 5.0 t 0.6 2.8 f 0.4 11.9 2 0.5 26.1 f 0.9 2.8 2 0.4 17.1 2 0.8 28.0 ? 0.8 6.2 t 0.9 
Abetalipoproteinemia (2) 6.0 f 0.5 9.5 f 0.5 13.9 ? 0.7 19.5 f 0.4 9.6 f 0.5 10.1 & 0.6 23.7 t 0.7 7.7 f 0.5 
Type 11 (8) 5.0 ? 1.6 5.9 f 2.0 13.5 t 1.0' 25.3 f 3.3 6.8 ? lBd 13.8 & 1.7 23.0 f 1.7 6.7 2 1.5 
Type I V  (13) 5.4 f 1.9 5.6 ? 1.5 16.3 t 1.3 25.4 f 1.8 6.8 t 1.4' 12.4& 1.8' 21.5 t 1.8 6.6 t 1.9 

" Number of subjects. 

' P  < 0.001, 
" P  < 0.05. 
PP < 0.01. 

Mean t SD. 
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Stimulation of platelet phospholipid synthesis has 
been shown to occur after addition of the aggregating 
agents ADP (24), thrombin (20), and epinephrine 
(25). Hydrolysis of platelet membrane phospholipids 
is thought to be an integral step in the mechanisms 
of platelet release. Schick, Kurica, and Chacko (26) 
have proposed that “phospholipids” are situated near 
the active site or “receptor” on the platelet surface 
and function as modulators of the platelet release 
reaction. Binding of the aggregating agent with its 
receptor site may induce conformational changes in 
the adjacent phospholipases, rendering them cata- 
lytically active. 

In summary, our data show that a marked decrease 
in the concentration of LL and PI in platelets of a 
patient with Tangier disease correlates with poor 
platelet response to ADP and epinephrine, while the 
increase in platelet reactivity in types I1 and IV 
hyperlipoproteinemia correlates best with increased 
platelet PI. A greater content of PI and possibly its 
fatty acid content in type I1 and type IV platelets 
might be related to the greater reactivity of these 
platelets in vitro. Perhaps more likely, platelet arachi- 
donic acid content may be altered by the changes 
which we have observed in platelet phospholipids and 
these changes relate to the observed pathophysio- 
logical abnormalities. This hypothesis is now under 
investigati0n.m 
The authors gratefully acknowledge the excellent typing 
of the manuscript by Jean Charpentier. This work was 
supported in part by grants HL-23591-01 and HL-2 1460-02 
from the National Heart and Lung Institute for a Special- 
ized Center of Research in Arteriosclerosis. 
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