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ABSTRACT  The transfer of lipoprotein-bound cholesterol
into adrenal cells was examinecr0 Adrenal glands from un-
stimulated or corticotropin stimulated hypophysectomized rats
were incubated with high density lipoprotein (HDL) or low
density lipoprotein LDL containing radiolabeled cholesterol.
The rate of transfer of labeled cholesterol from HDL into the
glands was two to three times greater than from LDL. Cortico-
tropin stimulation increased the transfer of cholesterol from
HDL but not LDL. The effects of corticotropin were not de-
pendent on subsequent cholesterol utilization for steroidogen-
esis. The process of cholesterol transfer from HDL was linear
with time over 2 hr at 37° and greatly reduced at 4°. In addition,
the transfer process became saturated above an HDL cholesterol
concentration of 900 xg/ml. About 25% of the labeled adrenal
cholesterol arising from HDL was recovered within the mito-
chondria. The labeled cholesterol within isolated mitochondria
could undergo mitochondrial conversion to pregnenolone. Fi-
nally, the delipidated HDL apolipoproteins, apoA-I and apoA-II,
when added to incubations containing less than saturating
concentrations of HDL, stimulated transfer of labeled choles-
terol from HDL to adrenal cells. These studies suggest that rat
adrenal tissue possesses an HDL specific hormonally-responsive
mechanism for accumulating extracellular cholesterol and that
apoA-I and apoA-II have a significant function in the uptake

process.

The mechanisms responsible for transferring cholesterol from
plasma into cells are of particular interest because of their
possible role in atherosclerotic disease. Adrenal tissue may serve
as a useful model for studying these mechanisms because studies
in man (1, 2) and the rat (3, 4) showed that 80% or more of the
cholesterol substrate for adrenal steroidogenesis may come from
plasma. However, little is known about the process by which
extracellular cholesterol enters the adrenal cells. Dexter et al.
(4) have observed that the uptake process is stimulated by
corticotropin (adrenocorticotrophic hormone, ACTH), and
furthermore that the stimulatory effect of ACTH persists even
when utilization of accumulating cholesterol is blocked by
specific inhibitors.

Serum cholesterol is lipoprotein bound, predominantly by
the high density lipoprotein (HDL) and low density lipoprotein
(LDL) fractions. In the rat (5), 60% of the circulating cholesterol
is found in HDL and 30% in LDL, while in man 30% and 60%
are found in HDL and LDL, respectively (6). In order to better
understand the uptake of cholesterol by adrenal cells as well as
ACTH regulation of the uptake process, we have examined the
ability of HDL and LDL to serve as substrate for transfer of
cholesterol to the adrenal. The observations reported here
suggest that HDL is the preferred substrate for adrenal cho-
lesterol uptake, and that uptake from HDL is regulated by
ACTH. Furthermore, these studies suggest that the HDL
apoproteins, apoA-I and apoA-Il, play a role in the choles-
terol uptake process.

Abbreviations: ACTH, corticotropin; HDL, high density lipoprotein;
LDL, low density lipoprotein; AG, aminoglutethimide.
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MATERIALS AND METHODS

Adrenal cholesterol uptake was determined by incubating
quartered rat adrenal glands with purified human lipoproteins
containing [4-14C]- or [1,2-3H]cholesterol. Because the level of
LDL in rat serum is very low, we have employed LDL and also
HDL isolated from human serum. Studies comparing homol-
ogous lipoprotein classes remain to be performed.

Treatment of Animals. Two groups of Sprague-Dawley rats
weighing 180-250 g were transaurally hypophysectomized 24
hr prior to sacrifice. Our group received 20 units of ACTH
(Acthar Gel, 45 United States Pharmacopoeia units/ml, Armour
Pharmaceutical Co.) subcutaneously every 6-8 hr while a
second group received no treatment. In some cases, a third
group received aminoglutethimide (AG) (30 mg in 1 ml of 0.9%
Na(l) intraperitoneally 30 min prior to each ACTH treatment.
Adrenal glands from ether anesthetized animals were then
excised, trimmed of fat, weighed, quartered, and placed into
standard buffer (Krebs-Ringer bicarbonate with glucose, 200
mg/100 ml at pH 7.4).

Adrenal Incubations. Individual or paired quartered adrenal
glands were incubated in standard buffer containing [1,2-3H]-
or [4-14C] cholesterol-labeled lipoproteins at the concentration
and specific activity indicated in the figure and Table legends.
Incubations were performed for up to 2 hr at 37° or 4° in an
Eberbach shaker bath in a 95% 03-5% CO, atmosphere. The
incubation media for all experiments using quartered adrenal
glands contained AG (0.25 mg/ml) to prevent conversion of
cholesterol to pregnenolone (7). At the completion of the in-
cubation, medium was removed and the glands washed three
times with 3-5 ml of standard buffer at 4°. The final wash
contained less than 2% of the counts retained within the
glands.

Incubated washed glands were then homogenized in 2 ml
of standard buffer and total protein, cholesterol, and radioac-
tivity measured. Greater than 80% of the radioactivity associ-
ated with incubated glands could be sedimented by centrifu-
gation at 100,000 X g for 1 hr. In initial experiments, the
identity of the radiolabeled species accumulated in the incu-
bated glands was determined by thin-layer chromatography
of chloroform/methanol (3/1) tissue extracts performed as
described below. About 95% of the extracted counts comigrated
with the cholesterol standard while another 2-5% of the counts
comigrated with cholesterol oleate. This indicates that the basic
cholesterol structure remained intact throughout the experi-
ment. In later experiments, extraction and chromatography
were omitted.

Mitochondrial Incubation. Conversion of cholesterol to
pregnenolone, the rate limiting step in adrenal steroidogenesis,
occurs in the mitochondria (8). It was therefore of interest to
determine the amount of labeled cholestesterol within mito-
chondria from incubated adrenals and also to determine if it
could be converted to pregnenolone.
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The adrenal glands from either 10 ACTH-treated to 10 un-
treated hypophysectomized rats were pooled and each group
incubated, as described above, for 45 min in the presence of
[4-14C]cholesterol-labeled HDL and AG to prevent conversion
of accumulated cholesterol to pregnenolone. At the conclusion
of the incubation, the pooled glands from each group were
homogenized and the mitochondria isolated as previously de-
scribed (9), a procedure which removes the inhibitor AG. The
labeled cholesterol accumulated in the mitochondria was then
measured. Duplicate aliquots of isolated mitochondria from
each group were then incubated at 37° and 4° in the absence
of AG to allow conversion of cholesterol to pregnenolone. The
incubations were performed for 30 min in 30 mM Tris buffer
containing 1% albumin, 0.05 M sucrose, 10 mM a-ketoglutarate
(sodium salt), 1 mM disodium EDTA, 20 mM KCl, and 5 mM
NaH3POy, at pH 7.4 as previously described (9). At the com-
pletion of the incubation, the mitochondria, along with the
incubation media, were extracted, and the labeled pregneno-
lone isolated by thin-layer chromatography as described
below.

Analytical Methods. Cholesterol was extracted from tissue
and lipoproteins by the method of Bligh and Dyer (10). Mea-
surements of total, free, and esterified cholesterol were per-
formed as described by Sperry and Webb (11).

Pregnenolone was extracted from mitochondrial homoge-
nates by using dichloromethane as previously described (9).
Pregnenolone, cholesterol, and cholesterol esters were separated
by thin-layer chromatography with silica gel impregnated glass
fiber (ITLC type SG., Gelman Instrument Co., Ann Arbor,
Mich.) and by first developing the chromatogram in a solvent
system consisting of benzene/ethyl acetate (3/1, vol/vol) to 2.5
cm from the origin. The sheets were then dried and placed in
a second solvent system consisting of isooctane/ethyl acetate
(100/2, vol/vol), and developed to 15 cm from the origin.
Unlabeled pregnenolone, cholesterol, and cholesterol oleate
were run on a separate track and located by exposure to Iy
vapor. Areas corresponding to the location of the standards were
cut out and placed directly into counting vials containing 10
ml of the Permafluor/toluene scintillation mixture. Protein
concentration was determined according to Lowry et al. (12),
using bovine serum albumin as a standard. Radioactivity was
determined by liquid scintillation counting using a Packard
model 3220 Spectrometer. Unextracted tissue samples were
counted in toluene/Permafluor (24/1, wt/vol) after treatment
of the tissue with NCS tissue solubilizer (Amersham/Searle).

Preparation of Labeled Lipoproteins. Plasma, for isolation
of human lipoproteins, was collected from normal donors by
plasmaphoresis in acid citrate dextrose to which was added
EDTA 1 mg/ml. LDL and HDL were isolated by ultracentri-
fugal flotation in KBr at a density of 1.006-1.063 and 1.063-
1.21 g/ml, respectively (6). The lipoproteins were then dialyzed
against three changes of at least 500 volumes of 0.1 M ammo-
nium bicarbonate buffer at pH 7.4 at 4° for 48 hr. The purified
lipoprotein gives a single band on disc gel electrophoresis with
the system of Masket et al. (13). The isolation and purification
of apoA-I (14) and apoA-II (15) were previously described. The
individual purified lipoproteins were labeled with either [4-
14CJ- or [1,2-*H]cholesterol by the method of Avigan (16).

Materials. [4-14C]cholesterol and [1,2-3H|cholesterol were
obtained from New England Nuclear and used without further
treatment. All other chemicals were reagent grade or better.

RESULTS

Effects of ACTH on Adrenal Cholesterol Uptake. Shown
in Table 1 are the results of experiments comparing the effects
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Table 1. Effects of ACTH on rat adrenal [4-"*C] Cholesterol
uptake from human HDL and LDL

Untreated ACTH treated P value
HDL
cpm/pair 1159+ 329 (30) 1987 + 678 (33) <0.0005
cpm/mg
protein 314 + 85 (22) 464 + 153 (24) <0.0005
LDL
cpm/pair 458 + 125 (8) 558 + 189 (8) >0.1
cpm/mg
protein 137 + 563 (8) 136 + 44 (8) >0.4

Pairs of adrenal glands from hypophysectomized ACTH treated
and untreated rats were incubated for 30 min in standard media
containing AG and labeled lipoproteins as described. The HDL and
LDL cholesterol concentrations in the incubation media varied
from 90 to 880 ug/ml and 290 to 770 ug/ml, respectively. The 14C
activity in each case varied from 1 to 8 X 105 cpm/ml. To compare
results among experiments employing varying amounts of label in
the media, we expressed the number of counts contained within
each pair of washed glands relative to each 1000 counts/ml of in-
cubation media. The data shown are the means + standard devia-
tion. The number of observations is shown in parentheses. The level
of confidence employing a two sided ¢ test is also shown.

of ACTH on adrenal accumulation of labeled cholesterol from
HDL to that from LDL. Substantially more labeled cholesterol
was accumulated by adrenals from either ACTH treated or
untreated rats when HDL rather than LDL, at equal cholesterol
concentrations, was added to the incubation. This was true at
all lipoprotein-cholesterol concentrations examined when the
accumulated labeled cholesterol was related to the specific
activity of the lipoprotein cholesterol in the media. Further-
more, ACTH caused an increase in accumulation of labeled
cholesterol from HDL but not LDL. The actual amount of la-
beled cholesterol accumulated from HDL increased almost
2-fold (P < 0.0005) with ACTH treatment while that from LDL
did not show a statistically significant increase. Because ACTH
is known to cause adrenal hypertrophy (17), the accumulation
of cholesterol was related to adrenal protein content. The
conditions employed in this study caused an average increase
in adrenal protein content from 3.5 to 4.3 mg/pair. This in-
crease in adrenal protein fully accounted for the apparent in-
crease in counts from LDL while the ACTH stimulated increase
from HDL remained highly significant (P < 0.0005) even when
related to the increase in adrenal protein.

An additional effect of administering high doses of ACTH
to rats is depletion of adrenal cholesterol stores (18). We,
therefore, wished to determine if the effect of ACTH in en-
hancing transfer to labeled cholesterol from HDL to the adrenal
was secondary to its depleting effect on adrenal cholesterol
content. The transfer of labeled cholesterol from HDL to three
groups of pooled adrenal glands (8 pairs/group) containing
widely varying amounts of cholesterol was determined. The
glands were obtained from hypophysectomized rats receiving
either no further treatment, or ACTH, or ACTH and AG as
described above. Table 2 shows the results of these treatments
on adrenal protein content, cholesterol content, and accumu-
lation of labeled cholesterol. Both of the groups receiving ACTH
showed an increase in adrenal protein content. The adrenals
from the group receiving ACTH without AG were depleted of
cholesterol. This reflects the stimulatory effect of ACTH on
cholesterol utilization for steroidogenesis and suggests that
under these circumstances, in vivo, the enhancement of ste-
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Table 2. The effects of ACTH and aminoglutethimide
(AG)/pretreatment on adrenal cholesterol
uptake from human HDL

ACTH
No treat- ACTH plus
Sample treatment ment AG
mg of protein/pair 2.2 3.5 3.5
ug of cholesterol/pair 860 265 1250
cpm/pair 2080 4330 4340

Excised, quartered adrenal glands (eight pairs in each group)
from untreated hypophysectomized rats and hypophysectomized
rats treated with either ACTH alone or ACTH and AG were pooled
according to treatment group and incubated for 30 min in standard
buffer containing [4-14C]cholesterol labeled HDL (850 ug of cho-
lesterol per ml, 214 cpm/ug of cholesterol) and AG (0.25 mg/ml).
The glands were then washed and homogenized; the protein,
cholesterol, and radioactivity were determined. The value shown is
the mean of duplicate determinations of each parameter measured
on duplicate aliquots of material obtained from homogenates of

eight pooled pairs of adrenals.

roidogenesis is greater than the enhancement of cholesterol
uptake from plasma (18). On the other hand, adrenals from rats
treated with both ACTH and AG increased in cholesterol
content. This reflects only the effect of ACTH in enhancing
uptake of cholesterol from serum since AG blocked steroido-
genesis (7). The total number of counts accumulated per pair
of adrenal glands in each treatment group was unrelated to the
cholesterol content of the glands. Despite their widely varying
cholesterol content, glands from both groups of rats that re-
ceived ACTH accumulated the same amount of labeled cho-
lesterol from HDL. Thus, the effect of ACTH appears to be
primary rather than secondary to adrenal cholesterol deple-
tion.

Characteristics of Adrenal Cholesterol Uptake from HDL.
Further studies were performed to characterize adrenal uptake
of cholesterol from HDL. In glands from untreated rats, uptake
was found to be linear with time at 37° and greatly inhibited
at 4° (Fig. 1). Furthermore, while glands from ACTH pre-
treated rats showed an enhanced cholesterol uptake in com-
parison to glands from untreated rats when incubated at 37°

600 T T T p—
37°
w
@ 400}
2 _
L °
©
£ .
Z 200 =
G
o 4
I I —Q
40 80 120
MINUTES

FiG. 1. Effects of time and temperature on in vitro accumulation
of [4-14C]cholesterol from human HDL by quartered rat adrenal
glands. Pairs of quartered rat adrenal glands from intact untreated
rats were incubated for the indicated length of time at either 37° or
4°. All incubation media contained 740 ug of HDL cholesterol per ml
with a specific activity of 395 cpm/ug of cholesterol, and AG (0.25
mg/ml). At the end of each interval, two pairs of glands from each
temperature group were washed and the amount of accumulated ra-
diolabeled cholesterol determined in duplicate for each pair as de-
scribed under Materials and Methods.

Proc. Natl. Acad. Sci. USA 73 (1976) 4331

3
<]

400

CPM/MG PROTEIN

8

1 1 1
0 05 10 1.5
HDL CHOLESTEROL (MG/ML)

F1G. 2. Effects of HDL cholesterol concentration on uptake of
[4-14C]cholesterol from human HDL by quartered rat adrenal glands.
Pairs of quartered rat adrenal glands, excised from hypophysecto-
mized ACTH treated rats, were incubated for 30 min in 2 ml of stan-
dard buffer supplemented with varying concentrations of human
HDL of constant cholesterol specific activity (340 cpm/ug of choles-
terol). The glands were then washed, homogenized, and the protein
and [!4C]cholesterol content determined. The points shown are the
mean of duplicate determinations of duplicate incubations of adrenal

pairs.

(Table 1), this difference was abolished and the uptake was low
in both groups at an incubation temperature of 4°.

The dependence of uptake on HDL cholesterol concentration
was also examined. The accumulation of labeled HDL choles-
terol by glands from ACTH treated hypophysectomized rats
was proportional to total HDL cholesterol concentration (of
constant specific activity) up ot about 900 ug/ml. Above that
concentration, very little further increase in accumulation oc-
curred, which indicated that the uptake process from HDL is
saturable (Fig. 2).

Effects of ACTH on Adrenal Mitochondrial Accumulation
and Metabolism of HDL Cholesterol. Because the rate lim-
iting step in adrenal steroidogenesis, conversion of cholesterol
to pregnenolone, occurs in the mitochondria, uptake and me-
tabolism of labeled cholesterol arising from extracellular HDL
was examined in these organelles. Table 3 shows that more la-
beled cholesterol is transferred from extracellular HDL to in-

Table 3. Effect of ACTH pretreatment on mitochondria
accumulation of [4-'*C]cholesterol from
extracellular human HDL in vitro

ACTH

Untreated treated

cpm/mg mitochondrial

protein 400 1103
% of total accumulated

counts found within

the mitochondria 14% 22%

Two pools of 10 adrenal pairs each, one from treated hypophy-
sectomized rats, and another from untreated hypophysectomized
rats were each incubated for 30 min at 37° in standard buffer con-
taining [4-1¢C]cholesterol labeled HDL (850 ug of cholesterol/
ml, 208 cpm/ug of cholesterol) and AG (0.25 mg/ml). The pooled
glands in each group were then washed, homogenized, and the
mitochondria recovered as previously described (19). Prior to iso-
lation of the mitochondria, an aliquot of the total homogenate was
used for determination of total gland radiolabeled cholesterol con-
tent. Protein and radiolabeled cholesterol content were determined
on duplicate aliquots of isolated mitochondria from each group and
the mean value is shown.
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Table 4. Effects of ACTH on mitochondrial pregnenolone
formation from [4-'“C] cholesterol
accumulated from human HDL

% of initial mitochondrial
[4-'*C] cholesterol converted
to pregnenolone

Temperature ACTH
(°C) Untreated treated

4 5.7 12.9

37 8.5 19.7

Two groups of 10 adrenal pairs each (one group from ACTH
treated and one from untreated hypophysectomized rats) were in-
cubated for 1 hr in standard buffer containing AG (0.25 mg/ml)
and [4-*C]cholesterol labeled HDL (850 ug of cholesterol/ml,
208 cpm/ug of cholesterol). Mitochondria from each pooled group
of adrenal glands were isolated as previously described (19). Du-
plicate aliquots from each group were incubated, not in the absence
of AG, at both 37° and 4° for 30 min as previously described (19).
Each incubation mix containing mitochondria was extracted and
pregnenolone separated by thin layer chromatography and counted
as described in Materials and Methods.

tracellular mitochondria by glands from ACTH treated hy-
pophysectomized rats than by glands from untreated hy-
pophysectomized rats. Furthermore, the percentage of the total
labeled cholesterol accumulated by the gland which is trans-
ferred to the mitochondria is increased by ACTH treatment.
Whereas ACTH treatment increases total adrenal gland uptake
of labeled cholesterol from HDL 1.5 times (Table 1), it increases
mitochondrial uptake 2.75 times (Table 3). Thus, ACTH
treatment appears not only to increase adrenal cholesterol up-
take but-also promotes delivery of accumulating cholesterol to
the mitochondria.

It was of particular importance to determine if the labeled
cholesterol accumulating within the mitochondria of adrenal
glands incubated with cholesterol-labeled HDL could be used
as substrate for conversion to pregnenolone. Mitochondria were
therefore isolated and the inhibitor of pregnenolone formation,
AG, removed as described earlier. Table 4 shows that labeled
cholesterol transferred to the mitochondria could serve as
substrate for conversion to pregnenolone. A greater amount of
labeled pregnenolone was recovered from mitochondria in-
cubated at 37° than at 4° for both the ACTH treated and un-
treated groups. This suggests that labeled cholesterol entering
the adrenal from extracellular HDL can serve the physiologic
function of providing steroidogenic substrate.

Effects of Added ApoA-I and ApoA-II on Adrenal Uptake
of HDL Cholesterol. After we determined that ACTH stim-
ulated adrenal transfer of labeled cholesterol from HDL, it was
of interest to examine the action of the HDL apoproteins,
apoA-I and apoA-II, on this process. The adrenal glands from
intact untreated rats were individually incubated in media
containing [4-!4C]|cholesterol labeled HDL at a concentration
of 480 p/ml. The indicated protein (Fig. 3), at a final concen-
tration of 0.5 mg/ml, was added to one of each pair of glands
while the remaining gland incubated in the absence of added
protein served as the control. Both apoA-I and apoA-II mark-
edly enhanced the adrenal accumulation of [4-14C]cholesterol
from HDL during the 30 min incubation period. Albumin and
v-globulin were without effect (Fig. 3).

DISCUSSION

Previous studies (1-4) showed that a major portion of the cho-
lesterol substrate used by the adrenal cortex for production of
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Fi1G. 3. Effects of human apoA-I and apoA-II on rat adrenal up-
take of [4-14C]cholesterol from human HDL. Pairs of excised, quar-
tered adrenal glands from untreated rats were incubated in standard
buffer containing [4C]cholesterol-labeled human HDL (480 ug of
cholesterol per ml, 218 cpm/ug of cholesterol) and AG (0.25 ng/ml)
at 37°. To one of each pair of glands, we added the indicated apo-
protein or protein at a final concentration of 0.5 mg/ml. The remaining
gland incubated in the absence of added protein served as the control.
The glands were then thoroughly washed, homogenized, and the
protein and [!4C]cholesterol content determined. The number in
parentheses is the number of adrenal gland pairs examined. The bars
indicate the range for each analysis.

steroid hormones may originate from plasma. The in vivo
studies of Dexter et al. (17) demonstrated that adrenal accu-
mulation of extracellular cholesterol increased with ACTH
stimulation and did not depend on subsequent cholesterol uti-
lization.

The current studies suggest that adrenal cholesterol uptake
involves specific participation by the HDL class of serum li-
poproteins. Transfer of cholesterol from human HDL to rat
adrenals is two to three times greater than from human LDL
and more importantly responds to ACTH stimulation.

The response to ACTH stimulation is consistent with the
observed stimulatory effect of ACTH on adrenal cholesterol
uptake in vivo. Similarly, transfer of cholesterol from HDL to
the adrenal does not depend on adrenal cholesterol content or
utilization, another property shared by the uptake process in
vivo. These two facts strongly support the relevance of the
current observations to the in vivo situation.

Several important properties of adrenal transfer of HDL
cholesterol were observed. Transfer was linear with time up to
2 hr and greatly retarded at lower temperatures (Fig. 1). The
process was also found to saturate at an HDL cholesterol con-
centration of about 900 ug/ml (Fig. 2). Although this is well
above the circulating levels of HDL cholesterol in normal rats,
levels of greater than 200 ug/ml were reported in genetically
obese rats (5). Thus, the levels under investigation are consistent
with physiologically and pathologically circulating levels in
vivo. In addition, the use of human rather than rat lipoproteins



Biochemistry: Gwynne et al.

may account, in part, for the high HDL cholesterol concen-
tration required to saturate the uptake process in rat adrenal
glands. Stein and Stein (20) have found, by using iodinated li-
poproteins, that the apoprotein constituents of either human
HDL or LDL are neither accumulated nor catabolized as
readily by rat aortic smooth muscle cells as are the apoprotein
constituents of rat HDL and LDL.

In our studies, it was important to determine if the labeled
cholesterol transferred from HDL to the adrenal gland had
entered normal physiologic pathways. The fact that the cho-
lesterol could not be removed by washing and remained asso-
ciated with sedimentable fractions after homogenization of the
tissue indicates that it had become incorporated into or become
bound to the tissue. Furthermore, the labeled cholesterol asso-
ciated with mitochondria from glands previously incubated
with HDL could be converted to pregnenolone. Thus, the la-
beled cholesterol arising from HDL appeared to have become
incorporated into the gland and to serve normal physiologic
functions.

The mechanism by which labeled cholesterol from HDL
enters the adrenal cell is not yet known. The fact that the process
is lipoprotein specific, is markedly influenced by HDL apo-
proteins, responds to ACTH stimulation, and is unaffected by
endogenous cholesterol pool size makes isotopic exchange alone
a highly unlikely explanation. Although isotopic exchange may
account for some movement of labeled HDL cholesterol into
the adrenal, preliminary studies employing adrenal cortical
tumor cells in culture indicate that net movement of cholesterol
from HDL into adrenal cells does occur (unpublished results).
Another possible mechanism is bulk phase or nonselective en-
docytosis, a nonsaturable process (21, 22). The fact that adrenal
uptake of HDL cholesterol is saturable and enhanced by ACTH
while uptake from LDL is not makes this an unlikely expla-
nation for the current observations.

An additional mechanism by which cells accumulate extra-
cellular macromolecules proceeds by saturable cell membrane
binding, endocytosis, and lysosomal fusion (22). Such a mech-
anism may account for the uptake of LDL by normal cultured
human fibroblasts (23, 24). Further studies are underway to
determine if this accounts for adrenal uptake of HDL choles-
terol. In any event, the process of cholesterol uptake in the
adrenal shows very different specificity from that in cultured
fibroblasts. HDL instead of LDL appears to be the preferred
substrate in the adrenal. Because the HDL apoproteins, apoA-I
and apoA-II, are water soluble in the delipidated state, we were
able to examine their effects on adrenal cholesterol uptake from
HDL. At less than saturating HDL concentrations, both apo-
proteins stimulate cholesterol transfer. The mechanism by
which they produce this effect is not yet known but studies
employing 125]-labeled-apoA-I showed a reversible hormonally
sensitive binding site to be present in adrenal tissue (unpub-
lished results).

Although the current studies show that HDL cholesterol
enters the adrenal cell, they do not allow us to say if the whole
HDL particle also enters. Bierman et al. (19) used lipoproteins
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labeled in both the apoprotein and lipid moieties and observed
a disproportionate uptake of lipid relative to protein. Lipo-
protein specific receptor mediated transmembrane movement
specific for small-molecular-weight constituents of the serum
lipoproteins, therefore, offers another alternative explanation
for our observations. Further studies are underway to gain
greater insight into the mechanism by which HDL cholesterol
enters the adrenal cell.
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