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SHORT COMMUNICATIONS

Effect of lovastatin on cell surface expression of Fc receptors or CD14 antigen in
human monocytes

(Received 2 July 1993; accepted 14 September 1993)

Abstract—Lovastatin is a widely used anticholesterolemic drug which exercises its effect by inhibiting
hepatic cholesterol synthesis and up-regulating low density lipoprotein (LDL) receptors. In the present
study, we determined that the drug has no adverse effects on the expression of three cell surface
antigens of human monocytes, i.e. high affinity Fc receptors (FcyRI), low affinity Fc receptors (FcyRII)
and CD14 antigen. We have shown previously these antigens are regulated by cholesterol and
lipoproteins. At 0.5 ug/mL of culture medium, lovastatin did not reduce the percentage of receptor-
positive cells or the average number of receptor molecules per cell. These observations add to the
attractiveness of the drug as an anticholesterolemic agent and also indicate that endogenous cholesterol
biosynthesis by monocytes is not required for expression of FcyRI, FcyRII, or CD14.
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Lovastatin is a potent and highly effective competitive
inhibitor of B-hydroxy-f-methyl-glutaryl coenzyme A
reductase [1]. This drug also up-regulates hepatic low
density lipoprotein (LDL)* receptors. These two actions
lead to lowering of plasma cholesterol [2]. We have
reported that expression of CD14 antigen and Fc receptors
in human monocytes is regulated by cholesterol and
lipoproteins [3-6]. Lovastatin by inhibiting cholesterol
biosynthesis by human monocytes/macrophages [7] might
be expected to perturb the plasma membrane by lowering
its cholesterol contents and impairing expression of these
antigens. Indeed, modulation of cell surface expression of
Fc receptors by altering cellular cholesterol content has
been reported in a mouse leukemic cell line [8]. We,
therefore, investigated the effect of incubation of human
monocytes with lovastatin on the surface expression of
CD14 antigen and Fc receptors. Our results showed that
this drug even at a concentration as high as 0.5 ug/mL did
not impair cell surface expression of high affinity Fc
receptors (FcyRI), low affinity Fc receptors (FcyRII), or
CD14 antigen. These observations add to the attractiveness
of lovastatin as an anticholesterolemic agent and, in
addition, indicate that endogenous cholesterol synthesis is
not required for regulation of expression of these antigens.

Materials and Methods

Reagents. Human interferon-y in phosphate-buffered
saline (PBS) (IFN-y, 105 U/mg of protein, adjusted to a
total protein concentration of 2-4 mg/mL with human
serum albumin), and bovine serum albumin (BSA) were
products of Sigma (St. Louis, MO). Heat-inactivated fetal
bovine serum (FBS) was purchased from GIBCO (Grand
Island, NY) and RPMI 1640 was obtained from JRH
Biosciences (Lenexa, KS). Ficoll-Paque was purchased
from Pharmacia (Piscataway, NJ). All other chemicals
were reagent grade and were obtained from various
commercial sources.

Immunological reagents. Anti-CD64 (32.2) against FcyRI
[9] and anti-CDw32 (IV.3) against FCRyRII [10] were gifts

* Abbreviations: LDL, low density lipoprotein; PBS,
phosphate-buffered saline; FBS, fetal bovine serum; FcyRI,
high affinity Fc receptors; FcyRII, low affinity Fc receptors;
and IgG, immunoglobulin G.
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from Dr. Paul M. Guyre of the Dartmouth Medical School.
Anti-CD14 (Leu M3) was a product of Becton Dickinson
(San Jose, CA). Fluorescein-conjugated goat F(ab'), anti-
murine immunoglobulin g (IgG) was obtained from Tago
Inc. (Burlingame, CA).

Isolation of human monocytes. The procedure of Passwell
et al. [11] with modification was used for isolation of human
monocytes. Approximately 60 mL of heparinized blood
from a healthy aduit male individual was separated
by Ficoll-Paque density gradient centrifugation. The
mononuclear cells were washed and resuspended in RPMI
containing 10% FBS and aliquots of 4-5mlL were
transferred to 50-mL culture flasks (Falcon). After 1 hr of
incubation at 37° in a CO, incubator, the non-adherent
cells were discarded, and the adherent cells were washed
two or three times with PBS. Five milliliters of the indicated
growth media (see below) was added to monolayers in 50-
mL flasks. The flasks were incubated for 42-43 hr at 37° in
a 5% CO, incubator.

Growth media. Basal growth medium consisted of RPMI
1640 with L-glutamine (2 mM), sodium pyruvate (1 mM),
penicillin (100 U/mL), streptomycin (78 U/mL), and
IFN-y (500 U/mL), IFN-y did not have any significant
effects on CD14 antigen expression. IFN-y was added to
augment FcyRI expression [12]. This medium was
supplemented with 10% heat-inactivated FBS. Lovastatin
in the lactone form was converted to dihyroxy-open acid
as follows. Four milligrams of the drug was dissolved in
1 mL of ethanol, and then 0.15mL of 0.1 N NaOH was
added. After heating at 50° for 2 hr, the mixture was
neutralized to a pH of approximately 7.2 and brought up
to a volume of 1 mL with water and diluted with ethanol.
The concentration of ethanol in the culture medium was
0.2%.

Immunofluorescence and flow cytometry. Antibody
labeling and flow cytometry were carried out as described
previously [3] except that the adherent cells were harvested
with a rubber policeman and nonspecific binding of antibody
was blocked by adding 50 uL. of 50% human serum in PBS
followed by incubation at 4° for 20 min. Values for the
percentage of reactive cells and fluorescence intensity are
expressed as means * range of duplicate experiments. In
each experiment, two replicates were analyzed and
averaged.
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Table 1. Effect of lovastatin on the expression of high affinity Fc receptors (FcyRI) on human
monocytes
Donor I Donor 11
Lovastatin in medium Receptor® cells* Receptor™ cells*
(ug/mL) (%) MFI+ (%) MFIt
0.00 94 +0 100 = 18 83 =8 74 %2
0.05 94 * 1 110+ 23 92=+3 85*13
0.01 94 x 1 108 + 17 846 65+4
0.50 88+ 0 104 =20 84+0 82+3
Values are means * range of duplicate experiments. For details, see Materials and Methods.
* Percentage of cells that were FcyRlI-positive.
+ Mean fluorescence intensity (MFI) is a function of the average number of receptor molecules
per cell.
Results The effects of lovastatin on the expression of CD14

The effects of incubation of human monocytes for 42—
43 hr with increasing concentrations of lovastatin on the
expression of FcyRI are shown in Table 1. Two parameters
were measured. The first one was the percentage of
receptor-positive cells (cells that have FcyRI on the
surface). The second was mean value fluorescence intensity
which is proportional to the average number of receptor
molecules per cell. Neither parameter was adversely
affected by lovastatin. In donor I, the percentage of FcyRI-
positive cells was 94 + 0 in the absence of lovastatin and
88 £ 0 in the presence of 0.5 ug of the drug perml of
culture. The corresponding values for donor II were 83 + 8
and 84 + 0% respectively. Likewise, the mean fluorescence
intensity was 100 = 18 in the absence of lovastatin and
104 = 20 in the presence of 0.5 ug/mL of the drug for
donor I and 74 + 2 and 82 + 3, respectively, for donor II.
Thus, lovastatin did not reduce the percentage of receptor-
positive cells or the average number of receptor molecules
per cell.

The effects of incubation of human monocytes for 42—
43 hr with lovastatin on the expression of FcyRII are shown
in Table 2. For donor I, the percentage of FcyRII-positive
cells was 98 * 0 in the absence of lovastatin and 96 + 0 in
the presence of 0.5 ug/mL of the drug. The corresponding
values for donor IT were 94 £ 5 and 96 + 1%, respectively.
The mean fluorescence intensity for donor I was 416 * 27
in the absence and 390 = 53 in the presence of 0.5 ug
lovastatin/mL of culture. The corresponding values for
donor II were 272 = 67 and 265 + 28, respectively. Thus,
lovastatin did not impair FcyRII expression either.

antigen in human monocytes are shown in Table 3. In
donor I, in the absence of lovastatin the percentage of
receptor-positive cells was 97 + 2 and in the presence of
0.5 ug/mL of the drug the percentage of CD14 positive
cells was 93 = 2. The corresponding values for donor II
were 94 =4 and 94 + 1%. Likewise, lovastatin did not
have any effects on the mean fluorescence intensity. The
value was 742 + 57 for cells without lovastatin and 799 + 8
in the presence of 0.5 ug/mL of drug for donor I. The
corresponding values for donor II were 548 * 24 and
565 * 151. Therefore, lovastatin did not impair expression
of CD14 antigen.

Discussion

We have reported previously that cholesterol and
lipoproteins regulate cell surface expression of Fc receptors
and CD 14 antigen [3-6]. Since lovastatin inhibits cholesterol
biosynthesis in human monocytes/macrophages [7], and
since cholesterol modulates expression of Fc receptors in
a mouse leukemic cell line [8], it was expected that
lovastatin would inhibit these antigens and consequently
impair their function. In contrast, we did not observe any
inhibitory effects when the cells were incubated for 42—
43 hr with the very high concentration of 0.5 yg/mL. At
1 pg/mL, the cells aggregated and incubation for 4 days
resulted in massive loss of viability, both conditions making
the experiments technically impossible to carry out. Since
the K, of p-hydroxy-f-methyl-glutaryl CoA reductase of
rat liver is 0.6 nM [1] and in the rat orally administered
drug inhibits cholesterol synthesis with a 50% inhibitory

Table 2. Effect of lovastatin on the expression of low affinity Fc receptors (FcyRII) on human
monocytes/macrophages

Donor 1

Donor I

Lovastatin in medium Receptor* cells*

Receptor™ cells*

(ug/mL) (%) MFI (%) MFI
0.00 98+ 0 416 + 27 94+5 272 + 67
0.05 97 £ 1 393 + 49 98 + 1 307 + 18
0.01 97 + 1 408 = 24 98 + 1 218 + 14
0.50 9+ 0 390 + 53 96 + 1 265 + 28

Values are means * range of duplicate experiments. For details, see Materials and Methods.
* Percentage of cells that were FcyRIf-positive.
T MFl is a function of the average number of receptor molecules per cell.
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Table 3. Effect of lovastatin on the expression of CD14 antigen on human monocytes/macrophages

Donor I Donor II

Lovastatin in medium Receptor* cells* Receptor* cells*

(ug/mL) (%) MFIt (%) MFI+
0.00 97 %2 742+ 57 94 +4 548 % 24
0.05 96 % 2 17+ 3R 97 %1 580 + 6
0.10 96+ 2 816 + 23 96 =3 394 + 39
0.50 93+2 799 + 8 941 565 + 151

Values are means * range of duplicate experiments. For details, see Materials and Methods.
* Percentage of cells that were CD14-positive.
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+ MFI is a function of the average number of CD14 molecules per ceil.

dose of 46 ug/kg [1], the concentration used should almost
totally block cholesterol biosynthesis. In humans, a daily
dose of 20-80 mg/day for 48 weeks has been employed to
lower plasma cholesterol [13]. We, therefore, used a
substantially higher concentration than recommended for
its therapeutic effect. It should also be noted that mean
plasma concentration for total plasma S-hydroxy-g-methyl-
glutaryl CoA reductase inhibitory activity is less than 50
ng/mL [14].

Fc receptors mediate clearance of particles opsonized
with IgG [15], antibody-dependent cell mediated lysis [15],
release of inflammatory mediators [16], and superoxide ion
production [17]. Fc receptors have also been implicated
in the etiology of atherosclerosis [18]. CD14 is a
glycophosphatidylinositol-anchored antigen. The gene
encoding this glycoprotein maps on chromosome 5 in a
region containing genes for a number of growth factors
and receptors [19, 20]. Its chromosomal location and its
frequent deletion in certain myeloid leukemias have
prompted the suggestion that CD14 may represent a new
receptor important for myeloid differentiation [19,20].
This antigen has also been implicated in gram-negative
endotoxin-induced shock syndrome [19, 20]. CD14 plays a
role in the clearance of gram-negative pathogens [19, 20}].
Although expression of Fc receptors and CD14 is regulated
by cholesterol and lipoproteins that deliver cholesterol to
monocytes [3-6], it is not inhibited by lovastatin. We
propose that lovastatin diffuses into the cells, inhibits
cholesterol synthesis, and lowers cellular cholesterol.
Cellular cholesterol is then replaced by cholesterol derived
from plasma lipoproteins. The exogenously derived
cholesterol then prevents perturbation of expression of
these receptors while its removal contributes to the lowering
of plasma cholesterol. The mechanism by which lipoproteins
regulate expression of CD14 antigen and Fc receptors has
not been elucidated. It remains to establish whether this
regulation has a transcriptional or translational basis.
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