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Abstract Although it is known that plasma lecithin:cholesterol
acyltransferase (LCAT) is activated by several apolipoproteins
(apo) including A-I, C-I, D, A-IV, and E, it is not clear what the
physiological importance of having different apolipoprotein ac-
tivators is. One possible explanation is that the activation by
different apolipoproteins may result in the utilization of different
species of phosphatidylcholine (PC), ieading to the formation of
different species of cholesteryl esters (CE). In order to determine
this possibility, we analyzed the molecular species composition
of PC and CE in two patients with familial deficiency of apoA-I
and apoC-III. The LCAT activity, assayed by three different
procedures, was found to be 36-63% of the control value. The
lower LCAT activity, however, was due to deficiency of the en-
zyme rather than the absence of apoA-1. The patients’ plasma
was relatively enriched with sn-2 18:2 PC species reflecting the
partial deficiency of LCAT activity. The fatty acid composition
of plasma CE was not significantly different from that of con-
trols. HPLC analysis of labeled CE formed after incubation of
plasma with [C'*]cholesterol showed no significant difference in
the species of CE synthesized by the LCAT reaction. The
transfer of pre-existing as well as newly formed CE from HDL
to the apoB-containing lipoproteins was accelerated compared
to control plasma. B These results show that the absence of
apoA-I does not significantly affect either the activity or the
specificity of LCAT, and that the other apolipoprotein activators
can substitute adequately for it.—Subbaiah, P. V., R. A.
Norum, and J. D. Bagdade. Effect of apolipaprotein activators
on the specificity of lecithin:cholesterol acyltransferase: deter-
mination of cholesteryl esters formed in A-I/C-III deficiency.
J- Lipid Res. 1991. 32: 1601-1609.

Supplementary key words molecular species of phosphatidylcho-
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Lecithin:cholesterol acyltransferase (LCAT) reaction is
believed to be responsible for the formation of most of the
cholesteryl esters (CE) present in human plasma (1, 2).
This enzyme acts preferentially on certain high density
lipoprotein (HDL.) particles, and its activity is absolutely
dependent on the presence of certain apolipoprotein ac-
tivators (3, 4). The most important of these activators is
apoA-I, the major apolipoprotein of HDL (5). However,

other apolipoproteins including A-IV, D, E, and C-I have
also been shown to activate LCAT to varying degrees in
vitro (6-9). It is not known, however, to what extent these
apolipoproteins are physiological activators of the enzyme
or whether the specificity of the enzyme with regard to the
molecular species of phosphatidylcholine (PC) utilized or
CE formed is affected by the apolipoprotein activators.
Using isolated enzyme, Steinmetz and Utermann (7) as
well as Chen and Albers (6) have shown that apoA-IV is
a better activator in the presence of disaturated PC, while
apoA-1 was a better activator in the presence of un-
saturated PC. Similarly Soutar et al. (9) reported that
while apoA-I was most effective with unsaturated PC spe-
cies, apoC-I activated the enzyme equally with both
saturated and unsaturated PC species. It is therefore
possible that different PC species are utilized in the pre-
sence of specific apolipoprotein activators, resulting in the
formation of different species of CE.

We have previously shown that, in normal human
plasma, LCAT preferentially utilized certain molecular
species of PC (10). However, it is not known whether this
specificity 1s affected by the presence of different apolipo-
protein activators. In order to study the role of apoA-I, the
primary activator of LCAT, in determining the specificity
of the enzyme we determined the molecular species com-
position of PC and CE in the plasma of two A-I/C-III-
deficient patients with no detectable apoA-I but with
significant LCAT activity (11). We have also studied the

Abbreviations: apo, apolipoprotein; LCAT, lecithin:cholesterol
acyltransferase; HDL, high density lipoproteins; LDL, low density lipo-
proteins; VLDL, very low density lipoproteins; GLC, gas-liquid chro-
matography; HPLC, high performance liquid chromatography; TLC,
thin-layer chromatography; CE, cholesteryl esters; PC, phosphati-
dylcholine; DTNB, 5,5'dithiobis(2-nitrobenzoic acid); CET, cholesteryl
ester transfer.
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species of labeled CE formed in the patients’ plasma after
incubation with labeled cholesterol. The results presented
here show that although the enzyme activity is lower than
in normal plasma, the A-I/C-I11I deficiency does not affect
the molecular species of CE synthesized by LCAT, in-
dicating that apoA-I is not necessary in determining the
specificity of the enzyme.

MATERIALS AND METHODS

Patients

Two sisters (aged 39 and 37) with familial deficiency of
apolipoproteins A-I and C-III were studied. The clinical
characteristics of these patients and their molecular
defects have been described previously (11). Both patients
had premature atherosclerosis, corneal clouding, and
xanthomas, but were not on any lipid-lowering drugs at
the time of the study. However, one of the patients (pa-
tient 2) was taking soybean lecithin capsules (1200 mg/-
day) as a dietary supplement. Blood was drawn in EDTA
(1 mg/ml) after an overnight fast and the separated
plasma samples were shipped on wet ice from Detroit to
Chicago overnight. The enzyme and transfer assays were
performed within 3 days of blood drawing. The analysis
of lipid composition was performed on plasma samples
frozen at - 30°C, within 3 weeks of blood drawing. Nor-
molipidemic controls (ages 26-40) were included in each
of the studies reported.

LCAT assays

The LCAT activity was assayed by three different
methods. 7) In the Stokke and Norum procedure (12) the
*C-labeled cholesterol was equilibrated with endogenous
cholesterol in the presence of 1.4 mM DTNB at 37°C.
Subsequently the inhibition was released by the addition
of excess (12 mM) mercaptoethanol and the formation of
labeled cholesteryl ester (CE) was determined after in-
cubation at 37°C for 30 min. The lipids were extracted by
the Bligh and Dyer procedure (13) and the free cholesterol
and CE were separated on silica gel TLC plates using the
solvent system of petroleum ether-ethyl acetate 85:15.
The spots were scraped from the plate and the radioactivi-
ty was determined in a liquid scintillation counter. The
fractional esterification rate was determined as percent of
labeled cholesterol esterified per hour. The molar es-
terification rate was calculated by multiplying the frac-
tional rate with the concentration of free cholesterol in the
plasma. 2) In the 4°C procedure, the labeled cholesterol
stabilized with albumin (12) was equilibrated with free
cholesterol in the plasma by incubation at 4°C for 18 h in
the absence of any LCAT inhibitor. The plasma sample
was then incubated at 37°C for 1 h and the LCAT activity
was determined as described above. The plasma labeled
by this procedure was also used for studying the distribu-
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tion of newly synthesized cholesteryl esters between lipo-
protein fractions, and for studying the molecular species
of CE formed by LCAT reaction (see below). 3) In the
proteoliposome procedure (14) the plasma was incubated
with a proteoliposome substrate containing apoA-l,
[**C]cholesterol, and egg PC at the molar ratio of
0.8:12.5:250 for 30 min at 37°C, and the percent of free
cholesterol esterified was determined as described above.
The studies of Chen and Albers (14) suggest that the ac-
tivity measured by this method reflects the mass of active
LCAT protein and that it is not influenced by the concen-
tration and composition of endogenous substrates.

Assay of cholesteryl ester transfer (CET) activity

The transfer of CE from HDL fraction to the apoB-
containing lipoproteins (VLDL and LDL) was studied by
two different’ procedures I) Mass transfer assay. The
plasma sample was incubated at 37°C in the presence of
1.5 mM DTNB in a metabolic shaker. Aliquots of the in-
cubation mixture were withdrawn at 0, 1, 2, 4, and 6 h
of incubation, chilled on ice, and the apoB-containing
lipoproteins were precipitated with 0.1 volume of hepa-
rin-MnCl; (15). The supernatant containing the HDL
was analyzed for free and total cholesterol using enzy-
matic kits (Boehringer Mannheim), and the amount of
CE was calculated as the difference between total and free
cholesterol. The decrease in HDL CE during incubation
was taken as the net transfer of preformed CE from HDL
to VLDL and LDL. 2) Isotopic CE transfer assay. HDL
from normal plasma was labeled with ['*C]cholesteryl
oleate by the procedure of Hough and Zilversmit (16). To
450 pl of plasma 50 ul of labeled HDL (25,000 dpm and
12 ug of cholesterol) was added and incubated at 37°C.
Aliquots (100 pl) of the reaction mixture were taken out
at 0, 15, 30, 45, and 60 min and added to a mixture con-
taining 50 pl of heparin-MnCl, (15) and 250 ul of 0.15 M
NaCl. After being kept on ice for 30 min, the precipitate
was washed once with 0.4 m} of 0.15 M NaCl and the
supernatants were combined. The precipitate was then
resuspended in 0.4 ml 0.15 M NaCl and transferred to a
scintillation vial and the radioactivity was determined in
a liquid scintillation counter after addition of 5 ml scintil-
lation fluid (Cytoscint, ICN Biomedics, Irvine, CA).
Radioactivity was also determined in an aliquot of the
combined supernatants. The percent of labeled CE
transferred to the VLDL + LDL at each time interval
was calculated from these results. All values were cor-
rected for the amount of label present in the precipitate
at 0 min.

Because the absence of apoA-I results in abnormal lipo-
protein composition in patients’ plasma, it is necessary to
demonstrate that the heparin-Mn?* precipitation sep-
arated the VLDL + LDL fraction from HDL adequate-
ly. For this purpose, we compared the lipid composition of
the lipoproteins prepared by ultracentrifugation at d <1.063
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g/ml with that of the lipoproteins separated by
heparin-Mn?* precipitation. As shown in Table 1,
about 80% of the total phospholipid and 93% of the total
cholesterol were found in the VLDL + LDL fraction
prepared by either of the procedures. These results in-
dicate that the heparin-Mn?* precipitation is a valid
procedure to rapidly separate the VLDL + LDL from
HDL in these patients.

Analysis of molecular species of PC and CE

Plasma samples were extracted by the procedure of
Bligh and Dyer (13). The phospholipids were separated on
silica gel TLC plates developed in chloroform-meth-
anol-water 65:25:4 and the PG spot was eluted from the
silica gel (13). The molecular species of PC were analyzed
as diacyl glycerol benzoates as described earlier (10).
Another aliquot of the total lipid extract from the plasma
was separated on TLC plates using the solvent system of
hexane-ethyl ether-acetic acid 70:30:1. The CE spot was
scraped and eluted twice with 2 ml] of diethyl ether. The
solvent was evaporated and the methyl esters of the fatty
acids were prepared by heating with 1 ml of BF; in
methanol (14% w/v, Alltech Associates) and 1 ml petro-
leumn ether for 90 min at 85°C. The methyl esters were ex-
tracted twice with 2 ml of petroleum ether, and after
removal of the solvent under nitrogen, redissolved in 20
pl of hexane; a 2-ul aliquot was injected into a gas chro-
matograph (Shimadzu GC9A). The methyl esters were
separated on a Supelcowax 10 fused silica column (0.25
pm thickness, 30 meters, 0.25 mm ID) using hydrogen as
carrier gas. The temperature was initially set at 172°C for
8 min then raised to 220°C at the rate of 6°C/min and
maintained at 220°C for 20 min. The fatty acid peaks
were identified using authentic standards, and quanti-
tated with an electronic integrator (Shimadzu C-R3A).

HPLC of labeled CE

Total lipids extracted from the reaction mixture after 6
h incubation with labeled cholesterol were filtered, con-
centrated, and injected onte a C-18 reverse phase HPLC
column and the various species of CE were separated as
described earlier (17), using the solvent system of acetoni-
trile-tetrahydrofuran-water 65:35:1.5. Radioactivity was
determined in the collected fractions and the percent of
each CE species in the total labeled CE was calculated.

RESULTS
Assay of LCAT activity

The LCAT activity was assayed in the two A-I/C-III-
deficient patients and the controls by three different pro-
cedures, two of them utilizing endogenous substrates, and
the third an exogenous proteoliposome substrate. 1) In
the Stokke and Norum (12) procedure, the labeled
cholesterol was equilibrated with endogenous cholesterol
at 37°C in the presence of 1.4 mM DTNB, following
which the formation of labeled CE was determined after
releasing the inhibition with excess mercaptoethanol.
With this procedure, the two patients showed 44% and
36% of the mean control activity (results not shown). To
determine whether the lower LCAT activity was due to the
absence of apoA-I, we added 20 pg of pure apoA-I to the
reaction mixture containing the A-I/C-IIl-deficient
plasma and determined the activity. The addition of ex-
ogenous apoA-I did not increase the LCAT activity any
further. In fact the activity was inhibited by about 20%,
indicating that the lack of apoA-I is not the reason for
lower LCAT activity in these patients. 2) In the 4°C pro-
cedure the ["*C]cholesterol was equilibrated with endo-
genous cholesterol at 4°C in the absence of any inhibitor

TABLE 1. Validation of the heparin-Mn?* precipitation procedure for A-I/C-I1i-deficient plasma
p P p

Total Phospholipids

Total Cholesterol

Patient Centrifugation Precipitation Centrifugation Precipitation
umol/ml plasma mg/dl plasma

Patient 1

HDL 0.132 0.100 6.06 6.67

VLDL + LDL 0.573 0.565 91.8 97.6

% in VLDL + LDL 81.3% 83.7% 93.8% 93.6%
Patient 2

HDL 0.151 0.120 4.90 7.2

VLDL + LDL 0.562 0.536 93.4 99.1

% in VLDL + LDL 78.8% 81.7% 95.0% 93.2%

Freshly obtained plasma from two A-1/C-III-deficient patients was subjected to either centrifugation at d <1.063
g/ml for 18 h at 100,000 g or heparin-Mn?* precipitation as described in Materials and Methods. The total phos-
pholipids were determined by estimation of lipid phosphorus (31) and total cholesterol was determined by using

an enzymatic kit (Boehringer-Mannheim).
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for 18 h and then the formation of labeled CE was deter-
mined after incubation at 37°C for 1 h. With this proce-
dure the two patients showed 60% and 49% of the mean
control values (results not shown). 3) In the proteolipo-
some method, a common exogenous substrate containing
apoA-I, labeled free cholesterol, and egg PC (14) was added
to an aliquot of the plasma and the formation of labeled
CE was determined after incubation at 37°C for 30
min. Since the enzyme activity assayed by this procedure
is not influenced by the composition or concentration of
the endogenous substrates and activators, it is believed to
reflect the mass of active LCAT protein in the plasma (14).
With this assay also, the two A-1/C-III-deficient patients
showed 56% and 63% control activity (results not
shown). These results therefore indicate that the lower ac-
tivity found with the endogenous substrates was not due
to the lack of apoA-1, but probably due to partial deficien-
cy of the enzyme itself. The previously published results
of Chen and Albers (6), showing that the LCAT mass de-
termined by radioimmunoassay was lower in the same two
patients studied here, support this conclusion.

Molecular species of plasma PC

We previously showed that the composition of mole-
cular species of PC was significantly altered in familial
LCAT deficiency because certain PC species are selective-
ly utilized by the LCAT reaction in normal human
plasma and these species accumulate in the absence of the
enzyme (18). To determine the effect of partial deficiency
of LCAT as well as the complete absence of apoA-1 and
C-I1I on the composition of PC species in the plasma, we
determined the molecular species composition of PC in
the two patients by HPLC (10, 18). The analyses were
done on three different occasions and the averages of the
three determinations, as well as the average of value from
seven normal women, are given in Table 2. Both the pa-
tients showed an increase in the percentage of 18:0-18:2
and a decrease in the percentage of 16:0-20:4, compared
to normal plasma. One of the patients also showed a sig-
nificant increase in the percentage of 16:0~18:2. These
compositional abnormalities are similar to those we
reported in familial LCAT-deficient patients (18),
although the changes are less severe in A-1/C-I11-deficient
patients. These results thus indicate that the lower LCAT
activity in patients’ plasma has affected the PC species
composition of plasma.

Composition of CE species

In order to determine whether the deficiency of the
apoA-I and C-III or the decrease in the LCAT activity
resulted in the alteration of plasma CE species composi-
tion, we determined the composition of plasma CE by
GLC after separation of CE from other lipids by TLC.
With a few minor exceptions, the fatty acid composition
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of plasma CE in patients and controls was remarkably
similar. Both patients showed a slight decrease in 18:0 and
18:1 (n-9) (12.2% and 11.1% compared to 14.2% in con-
trol) and an increase in 20:3 (n-6) esters (1.8% and 3%,
compared to 0.6% in control). These values (except for
20:3) were within one standard deviation of mean control
value (results not shown). Therefore, one can conclude
that deficiency of apoA-I and C-III does not alter the CE
fatty acid composition significantly.

Synthesis of CE species by LCAT reaction

In order to further study whether the absence of apoA-I
affected the specificity of LCAT with regard to the types
of CE synthesized, we analyzed the species of labeled CE
formed in vitro by the LCAT reaction. The whole plasma
cholesterol was first equilibrated with ['*CJcholesterol by
incubation at 4°C for 18 h and then the LCAT reaction
was allowed to take place for 6 h at 37°C. The labeled CE
formed were then separated on reverse phase HPLC as
described in Materials and Methods, and the radioactivi-
ty was determined in the collected fractions. The percen-
tage composition of the labeled CE formed in
A-lI/C-Hl-deficient plasma did not differ significantly
from that in control plasma. The major CE species formed
were 18:2 (42.3%, 44.8%, and 43.5% of total) 18:1 (16.0%,
16.8%, and 18.2% of total) and 16.0 (16.6%, 15.4%, and
12.4% of total) in control, patient 1, and patient 2, respec-
tively. There were no significant differences between pa-
tients and control in the synthesis of other CE species also
(results not shown). These results suggest that the activa-
tion of LCAT by apolipoproteins other than apoA-1 does
not result in a change in the specificity of the enzyme with
regard to the CE species formed.

TABLE 2. Molecular species composition of plasma
phosphatidylcholines

Species Patient 1 Patient 2 Control (n=7)
% of total
18:1-20:5 0.04 + 0.07 0.16 + 0.11 0.31 + 0.17
16:0-20:5 0.15 + 0.11 0.06 + 0.07 0.38 + 0.15
16:0-22:6 3.09 + 0.35 3.29 + 0.54 3.68 + 0.94
18:1-20:4 0.12 £ 0.14 0.08 + 0.09 0.83 + 0.31
16:0-20:4 8.72 + 0.09 6.43 + 0.12 9.89 + 1.96
18:0-20:5 0.38 + 0.06 0.21 + 0.05 0.66 + 0.21
18:1-18:2 2.34 + 0.04 4.27 + 0.17 3.76 + 0.65
16:0-18:2 31.08 + 0.75 43.27 + 6.06 31.59 ¢ 2.24
16:0-20:3 6.32 + 0.11 1.45 + 2.33 4.22 + 0.94
16:0-20:3 (n-9) 0.41 + 0.42 0.15 + 0.27 0.92 ¢ 0.45
18:0-20:4 5.83 + 0.34 3.86 + 0.7 4.96 + 1.07
18:1-18:1 1.06 + 0.11 1.19 + 0.20 1.41 + 0.15
16:0-18:1 13.47 + 0.53 10.07 + 0.95 14.46 + 2.89
18:0-18:2 18.09 + 0.13 21.65 + 1.72 13.87 + 2.89
16.0-16:0 + 3.53 + 0.34 0.66 + 1.31 2.07 + 0.98
18:0-18:1 2.75 + 0.25 2.17 + 0.65 1.94 + 0.28

The values given for the patients are mean + SD of four separate de-
terminations.
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Synthesis and distribution of CE in lipoprotein
fractions

In normal human plasma the cholesterol esterification
takes place almost entirely on HDL particles (5). Since
the amount of HDL is considerably reduced in A-1/C-II1
deficiency, and since the activating apolipoproteins
(apoC-1, apoA-1V, and apoE) are mostly present in non-
HDL lipoproteins, it would be of interest to determine
whether the LCAT reaction takes place on HDL only or
on the other lipoproteins also. We therefore studied the
percent esterification of labeled cholesterol in VLDL +
LDL and HDL fractions separated by heparin-Mn?*
precipitation. The labeled cholesterol was first equili-
brated with plasma at 4°C for 18 h and then the plasma
was incubated at 37°C for 4 h. Aliquots of plasma were
taken out at 30 min, 1 h, and 4 h and the VLDL + LDL
were precipitated with heparin-Mn?% (15). The total
lipids were extracted from both supernatant and precipi-
tate, the free cholesterol and CE were separated by TLC,
and the radioactivity was determined. As shown in Fig.
1, the absolute percentage of cholesterol esterified was
higher in HDL compared to VLDL + LDL, in both
the control and patient plasma. However, when com-
pared to normal plasma, the percentage of esterification
of VLDL + LDL cholesterol was higher in patients’
plasma. The percent esterification of HDL cholesterol
was lower than in normal HDL at all the time intervals
studies. These results suggest that in the absence of
apoA-1I, either relatively more cholesterol is esterified on
the apoB-containing lipoproteins or that there is a very
rapid transfer of newly formed CE to VLDL + LDL.

Fig. 2 shows the distribution of newly synthesized CE
between VLDL + LDL and HDL fractions after various
periods of incubation. As expected, the majority of the
newly formed CE in the control plasma was found in
HDL at all time intervals although there was a pro-
gressive increase in VLDL + LDL fraction apparently
due to the transfer of CE from HDL. On the other hand,
over 90% of labeled CE in A-I/C-III-deficient plasma was
found in VLDL + LDL fraction even at 30 min, the
earliest time interval studied. This amount corresponds to
the percentage of total cholesterol mass present in
VLDL + LDL (Table 1). Interestingly, the percentage of
labeled CE found in VLDL + LDL increased further
with time, showing that the HDL of patients has a very
limited capacity to retain newly synthesized CE.

Assay of CE transfer

In order to study the movement of CE between plasma
lipoproteins, the rate of transfer of preformed CE from
HDL to apoB-containing lipoprotein was determined by
two methods. In the isotopic transfer assay, normal HDL
labeled with ['*C]cholesteryl oleate was added to the
whole plasma and incubated at 37°C for 60 min. At
various time intervals aliquots of plasma were withdrawn
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Fig. 1. Time course of cholesterol esterification in whole plasma,
VLDL + LDL, and HDL in two A-I/C-III-deficient patients and one
control subject. The labeled cholesterol was first equilibrated with endo-
genous cholesterol by incubation at 4°C for 18 h, after which the samples
were incubated at 37°C. At the indicated times aliquots were removed
and subjected to heparin-Mn?* precipitation (15). The lipids of the
precipitate (VLDL + LDL) and the supernatant (HDL) were extracted
and separated on silica gel TLC plates developed in hexane-ethyl
ether-acetic acid 70:30:1 (v/v). The spots corresponding to unesterified
cholesterol and CE were scraped off and the radioactivity was deter-
mined in a liquid scintillation counter. The percent esterification was
calculated from these results.

and the VLDL + LDL and HDL fractions were
separated by heparin~-Mn?* precipitation and the
radioactivity transferred to VLDL + LDL*(precipitate)
was determined. As shown in Fig. 3, the percentage of
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Fig. 2. Distribution of newly synthesized CE among lipoprotein frac-
tions at various time intervals. The percent of total labeled CE found in

the heparin-Mn?* precipitate (VLDL + LDL) and the supernatant
(HDL) was calculated from the experiment described under Fig. 1.

HDL CE transferred to VLDL + LDL is significantly
higher in A-I/C-III-deficient plasma than in normal
plasma. These results show that the CE transfer protein
activity is increased in these patients although the concen-
tration of the donor lipoprotein (HDL) is decreased. It
should, however, be pointed out that the low HDL con-
centration in patients’ plasma may result in an apparently
accelerated rate of transfer of added labeled HDL CE
because of decreased transfer to endogenous HDL.

In the mass transfer assay, the whole plasma was in-
cubated at 37°C for 6 h in the presence of an LCAT inhi-
bitor and the mass of HDL CE was determined in
aliquots removed at various time intervals after precipita-
tion of VLDL + LDL by heparin-Mn?*. The results in
Fig. 4A show that the total mass of CE transferred during
the 6 h incubation is significantly lower in A-I/C-III-
deficient plasma compared to normal plasma. This was
not surprising since the amount of CE present in the pa-
tients’ HDL is small. However, when the results were ex-
pressed as percent of HDL CE transferred (Fig. 4B), the
A-1/C-I1l-deficient plasma showed a higher rate of trans-
fer than the controls. This was especially true at the
earlier time intervals when the control plasma showed a
lag phase while the patients’ plasma showed linear
transfer rates. These results, therefore, show that
although the rate of formation of CE is lower, the transfer
of CE from HDL to VLDL + LDL is accelerated in
A-1/C-II1-deficiency.

DISCUSSION
The exact role of apolipoprotein activators in the LCAT

reaction is not well understood. Since the apolipoproteins
do not bind directly with the enzyme (19, 20), their role
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appears to be to penetrate the acyl groups of the PC mole-
cules and facilitate their interaction with the active site of
the enzyme. While apoA-I is probably the most important
activator quantitatively, apoE, apoA-IV, apoC-I, and
apoD have all been shown to activate LCAT in vitro with
defined substrates (6, 9). It is not known, however,
whether any of these activators play a significant role in
vivo in the activation of the enzyme. By depleting apoA-I-
containing lipoproteins from normal plasma by immuno-
affinity chromatography, Cheung et al. (21) showed that
about 25% of total plasma LCAT mass and activity were
associated with apoA-I-free lipoproteins indicating that
apolipoproteins other than apoA-I are indeed physiolo-
gical activators of LCAT reaction. Furthermore, the
results presented here as well as those reported by Chen
and Albers (6) indicate that in the familial deficiency of
apoA-I and C-III the specific activity of LCAT is not
decreased much lower (6, 9). Several studies with Tangier
disease patients (22-24), who are also deficient in HDL,
showed a normal LCAT activity indicating that non-
apoA-I activators may play an important role in LCAT ac-
tivation. However, it should be noted that the low HDL
levels in Tangier patients are mainly the result of the rapid
turnover of apoA-I, whereas the defect in A-I/C-III-
deficient patients is due to impaired synthesis of apoA-I
as a result of translocation of a 6.5 kilobase pair from the
apoC-III gene to apoA-I gene (25). Small but significant
amounts of functionally normal apoA-I can be detected in
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Fig. 3. Transfer of labeled CE from HDL to VLDL + LDL fraction.
Fifty ul of normal HDL labeled with ['*C]cholesteryl oleate (16) contain-
ing 12 pg of cholesterol and 25,000 dpm was added to 450 ul of whole
plasma and incubated at 37°C. At 0, 15, 30, 45, and 60 min 100-ul
aliquots were removed and the VLDL + LDL fraction was precipitated
by heparin-Mnz*. Radioactivity was determined in the supernatant
(HDL) and the precipitate (VLDL + LDL) and the percent of total
label transferred to the VLDL + LDL was calculated. The value ob-
tained for the 0 min sample was subtracted from all other values. The
values shown for the patients are averages of duplicate samples, while the
control values represent mean + SEM of plasma samples from six nor-
molipemic subjects (three female, three male) analyzed under identical
conditions.
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Fig. 4. ‘Transfer of CE mass from HDL to VLDL + LDL. Plasma
samples were incubated with 1.5 mM DTNB at 37°C and aliquots
removed at 0, 1, 2, 4, and 6 h and precipitated with heparin-Mn?*.
The mass of unesterified cholesterol and total cholesterol in the HDL
fraction was determined by enzymatic methods and the decrease in the
mass of HDL CE was calculated as described in Materials and Methods.
In the upper panel (A) the values are expressed as ug of HDL CE
transferred per ml plasma, whereas in the lower panel (B) the values are
expressed as percent of HDL CE transferred to VLDL + LDL. All
values are averages of triplicate determinations from a single experi-
ment.

Tangier patients’ plasma (24) in contrast to the A-I/C-III-
deficient plasma, where A-I is not detectable. Therefore,
it is possible that the LCAT activity in Tangier plasma is
for the most part activated by apoA-I. Furthermore the
Tangier patients do not appear to have an increased risk
of coronary disease despite decreased HDL levels, while
both the A-I/C-III-deficient patients studied here have
premature coronary disease.

What is the physiological importance of having several
apolipoprotein activators? One possible advantage of
having multiple activators is that the reaction can take
place on several different lipoprotein particles simul-
taneously without having to transport free cholesterol and
PC from one lipoprotein to another and without having
to transfer the CE from the site of synthesis to other lipo-
proteins. This would obviously be of importance in the
animal species that do not have the CE transfer activity.

Another possibility is that since there are several mole-
cular species of PC in the plasma (10), some apolipopro-
teins may bind specifically to certain PC species and the
interaction of LCAT with such apolipoprotein-PC com-
plexes will result in the formation of specific CE. Such a
possibility is supported by the in vitro results of Steinmetz
and Utermann (7) and Chen and Albers (6), which
showed that apoA-IV was a better activator of LCAT in
the presence of disaturated PC, while apoA-I was more
efficient in the presence of the unsaturated PC species.
However, when we analyzed the composition of the exist-
ing or newly formed CE in A-I/C-IIl-deficient patients,
no significant abnormality could be demonstrated, in-
dicating that in vivo the absence of apoA-I did not alter
the specificity of the enzyme. Interestingly, the molecular
species composition of plasma PC was different, possibly
reflecting the partial deficiency of LCAT. Thus the in-
creased concentration of 18:0-18:2 PC and decreased con-
centration of 16:0-20:4 PC resemble the abnormalities we
reported in LCAT-deficient plasma (18). One of the pa-
tients (patient 2) also showed an increased concentration
of 16:0-18:2 PC, although we do not know if this is due
to the dietary supplementation with soy lecithin. The
amount of this supplement (1200 mg/day) is probably not
sufficient to change the phospholipid composition of the
plasma.

The absence of apoA-I results in a marked reduction in
HDL concentration in A-I/C-III-deficient plasma (11).
Therefore, the bulk of the newly formed CE is present in
VLDL + LDL even at the earliest time interval studied.
This may be due to the formation of CE in the VLDL +
LDL fraction itself, or due to a rapid transfer from the site
of synthesis, or both. It is highly unlikely that these results
are due to abnormal precipitation of lipoprotein by the
heparin-Mn?* in the A-1/G-I11-deficient plasma because
the same percent of phospholipid and cholesterol were
present in the VLDL + LDL fraction prepared either by
precipitation or by centrifugation (Table 1). The studies of
Francone, Gurakar, and Fielding (26) showed that in nor-
mal plasma most of the cell-derived free cholesterol is es-
terified on particles containing only apoA-I and apoD,
from which the CE is transferred to the bulk HDL par-
ticles as well as to the apoB-containing lipoproteins. Qur
present results demonstrate that CE formation can take
place on A-I-free HDL particles also. It would be interest-
ing to determine the nature of the particles that accept
free cholesterol from the cells in the A-I/C-III-deficient
patients with the techniques described by Francone et al.
(26). There is evidence that about 10% of the CE forma-
tion in normal plasma may take place on the LDL surface
(27, 28). While we do not have direct proof that the LCAT
reaction takes place in the VLDL + LDL fraction in the
patients” plasma, this possibility cannot be excluded. Our
results also show that the VLDL + LDL fraction ac-
quired more labeled CE from HDL during incubation,
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showing that the HDL of the patients’ plasma has limited
capacity to retain the newly formed CE. Measurement of
CE transfer rates with two different procedures in fact,
showed an accelerated transfer from HDL to VLDL +
LDL in the patients’ plasma. The studies of Sparks,
Frohlich, and Pritchard (23) showed that the transfer of
CE from HDL to VLDL and LDL was also increased in
Tangier disease. The increased CE transfer rates in
A-I/C-III deficiency may be due to I) the absence of
apoA-I-containing particles that form the bulk of the
HDL in normal plasma and that are probably better ac-
ceptors of newly formed CE; 2) the presence of increased
amounts of CE transfer protein; or 3) the presence of
VLDL + LDL particles, which are more efficient accep-
tors of CE. We have previously shown that the accelerated
CE transfer observed in diabetic and hyperlipidemic pa-
tients is due to the abnormal composition of VLDL (29).
While this may be also true in A-I/C-III deficiency, we
cannot rule out the other possibilities. Because of the
possible atherogenic role of abnormal CE transfer (30) it
is possible that the accelerated CE transfer may contri-
bute to the premature atherosclerosis observed in these
patients. B
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