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Abstract

3-Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reduc-
tase catalyzes the formation of mevalonate, an essential precursor

for isoprenoid compounds in mammalian cells. Recent studies
have shown that mevinolin, a competitive inhibitor of the re-

ductase, inhibits cell proliferation and induces differentiation in
cultured C1300 (Neuro-2A) murine neuroblastoma cells. Wenow

report that mevinolin can inhibit neuroblastoma growth in vivo.
The specific activity of HMG-CoAreductase in subcutaneous
neuroblastomas increased more than 20-fold between the fifth
and eighth days after tumor inoculation, and remained elevated
for the remainder of the tumor lifetime in mice. The increase in
reductase activity was correlated with a marked increase in tumor
DNAcontent and exponential increase in tumor weight. Using
an in vitro assay to monitor the ability of mouse serum to suppress

sterol synthesis, we determined that mevinolin was inactivated
or cleared from the circulation within 3-6 h after a single sub-
cutaneous injection. However, by using subcutaneous osmotic
pumps to deliver a constant infusion of mevinolin, we were able
to maintain adequate blood levels of the drug for 7 d. Mevinolin
(5 mg/kg per h) suppressed tumor growth (wet weight) signifi-
cantly when treatment was carried out between day 1 and day 8
or between day 5 and day 12 after tumor inoculation. Histo-
pathological examination of tumors from mevinolin-treated mice
revealed few or no mitotic figures and marked cellular degen-
eration. Measurements of incorporation of (3H)acetate into neu-
roblastoma sterols and ubiquinones 24 h after implantation of
osmotic pumps showed that mevinolin produced a marked in-
hibition of isoprenoid synthesis in the tumors in vivo. The data
suggest that, in addition to their demonstrated utility as choles-
terol-lowering drugs, competitive inhibitors of HMG-CoAre-

ductase may have considerable potential as novel antineoplastic
agents.

Introduction

Mevalonate is an essential precursor of various cellular isopre-
noid compounds including cholesterol (1), dolichol (2, 3), ubi-
quinone (coenzyme Q) (4, 5), isopentenyl-transfer RNA(tRNA)
(6, 7), and recently discovered isoprenoid proteins (8). The for-
mation of mevalonate, which is catalyzed by 3-hydroxy-3-meth-
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ylglutaryl coenzyme A (HMG-CoA)' reductase, has long been
regarded as the major regulatory step for de novo cholesterol
biosynthesis (9-1 1). For this reason, competitive inhibitors of
HMG-CoAreductase, such as compactin (ML 236B) (12) and
mevinolin (MK803) (13), have received much attention as po-
tential new therapeutic agents for treatment of hypercholester-
olemia ( 14-21). In addition to their cholesterol-lowering activity
in vivo, these inhibitors of mevalonate synthesis exhibit cytostatic
activity when added to proliferating cells in tissue culture (22-
27). Recent studies in this laboratory have shown that mevinolin
also induces morphological and biochemical differentiation in
cultured murine neuroblastoma cells (27). These observations,
together with the fact that many malignant tissues exhibit rel-
atively high activities of HMG-CoAreductase (28-33), suggested
that selective inhibition of this enzyme might be exploited as a
novel approach to cancer chemotherapy. Using the C1300
(Neuro-2A) murine neuroblastoma as a model system, we have
shown that mevinolin effectively suppresses tumor growth in
vivo.

Methods

Materials. [I-'4C]Acetic acid, sodium salt (57 mCi/mmol) was purchased
from Amersham Corp., Arlington Heights, IL, and [3H]acetic acid, so-
dium salt (100 mCi/mmol) was obtained from New England Nuclear,
Boston, MA. Tissue culture medium and fetal calf serum were obtained
from Gibco Laboratories, Grand Island, NY. Osmotic pumps for con-
stant-infusion drug delivery (Model 2001) were purchased from Alza
Corp., Palo Alto, CA. All other chemicals were from Sigma Chemical
Co., St. Louis, MO.

Tumor inoculations. C1300 (Neuro-2A) murine neuroblastoma cells
were obtained from the American Type Culture Collection (Rockville,
MD) and maintained in monolayer culture as described previously (27).
For inoculation of tumors, confluent cells were harvested by 5-min ex-
posure to 0.25% trypsin in phosphate-buffered saline (PBS). Trypsin was
inactivated by suspending the cells in Dulbecco's modified Eagle's me-
dium containing 10% vol/vol fetal calf serum. The cells were pelleted by
centrifugation and washed two times with serum-free medium. Cell
number was determined with a Coulter counter (Coulter Electronics,
Inc., Hialeah, FL), and the final cell suspension was diluted to 2 X 107
cells/ml. Tumors were initiated in A/J female mice (Jackson Laboratory,
Bar Harbor, ME) at the age of 7 wk by subcutaneous injection of 2 X 106
neuroblastoma cells into the right ventral flank. This procedure routinely
yielded 100% tumor-take. For the duration of all experiments the mice
were housed individually and were allowed free access to water and stan-
dard laboratory chow.

Treatment of mice with mevinolin. Mevinolin was a gift from Alfred
W. Alberts of the Merck, Sharp and Dohme Institute for Therapeutic
Research, Rahway, NJ. To obtain concentrated aqueous solutions of the
drug, we dissolved the lactone in absolute ethanol at 50°C to a final
concentration of 27 mg/ml, and added an equal amount of solid NaOH
to the ethanol solution. The ethanol was evaporated under nitrogen and

1. Abbreviations used in this paper: BUN, blood urea nitrogen; HMG-
CoA, 3-hydroxy-3-methylglutaryl-coenzyme A.
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the sodium salt of mevinolin was dissolved to a final concentration of
100 mg/ml in Dulbecco's PBS containing 50% (vol/vol) glycerol. The
pH was adjusted to 7.5 with HCI and the solution was sterilized by
passage through a 0.22-,um filter. In cases where osmotic pumps were
used for constant drug infusion, animals were anesthetized with ether
and the pumps were surgically implanted according to the manufacturer's
instructions. All pumps were placed in a dorsal subcutaneous pocket
with the outflow of the pump lying near the interscapular region, well
removed from the tumor site in the flank.

Biochemical determinations. Determination of HMG-CoAreductase
activity in tumor homogenates was performed by means of a radio-
chemical assay described previously (32). One unit of enzyme activity
was defined as the formation of one picomole of mevalonate/min
at 370C.

Incorporation of radioactivity from [1-'4C]acetate into digitonin-
precipitable sterols in cultured neuroblastoma cells was determined as
described by Volpe and Hennessy (34).

Protein was determined by a microbiuret method (35), using bovine
serum albumin as a standard, and DNAwas quantitated by the diphe-
nylamine reaction (36), using calf thymus DNAas the standard.

Tests for serum cholesterol and blood urea nitrogen (BUN) were
performed by standard colorimetric methods, using commercially avail-
able clinical chemistry kits (Stanbio Laboratory, San Antonio, TX).

To measure the incorporation of [3H]acetate into tumor lipids, the
tissues were homogenized in 3.5 ml 0.15 MNaCl using a Brinkmann
Polytron (Brinkmann Instruments Co., Westbury, NY), and aliquots
were removed for protein determination. To 3 ml of the homogenate
we added a mixture of lipid standards containing: cholesterol (60 fg),
lanosterol (50 ,gg), cholesteryl oleate (75 ;ig), dolichol (15 Atg), ubiquinone-
10 (30 ag), squalene (10 ,gg), triolein (75 Atg), 1,3-diolein (37 Mg), 1,2-
diolein (12 ,ug), monolein (50 fg), oleic acid (80 ;ag), phosphatidylcholine
(10 Mg), and sphingomyelin (10 Mtg). Lipids were extracted from the ho-
mogenates with chloroform/methanol (2:1, vol/vol), using a modification
of the method of Folch et al. (37, 38). The chloroform phase was evap-
orated under nitrogen and the lipids were separated by two-dimensional
thin-layer chromatography on Silica Gel G-25, 20 X 20 cm plates
(Brinkman Instruments Co.), using solvent systems of hexane/diethyl
ether/glacial acetic acid (70:30:1.5, vol/vol/vol) for the first dimension
and benzene for the second dimension. The lipids were visualized by
brief exposure of the plates to iodine vapor, and the zones corresponding
to the lipid standards were scraped into scintillation vials and counted
with 10 ml Econofluor (New England Nuclear, Boston, MA). Samples
were counted in a Packard Tri-Carb liquid scintillation spectrometer
(model 3255), and the counting efficiency was determined by the external
standards channel ratio method. Results were expressed as disintegrations
per minute incorporated into the lipid zone per gram of protein in the
extracted homogenate. Alternatively, to normalize data for possible losses
of material during lipid extraction, or variations in acetate uptake or
pool sizes in the tumors, the incorporation of radioactivity into the sterol
and ubiquinone spots on the thin-layer plates was compared with the
radioactivity in the phospholipid zone, which is not decreased by mev-
inolin (39).

Histopathology. Tumors were resected in toto and fixed by immersion
in buffered 10% formalin. After dividing the tumors into equal halves,
the tissues were dehydrated, embedded in paraffin, sectioned at 6 Mm,
and stained with hematoxylin and eosin.

Results

To determine when the C1300 murine neuroblastoma might be
most vulnerable to inhibitors of HMG-CoAreductase, we first
measured the activity of the enzyme throughout the growth cycle
of subcutaneous tumors. The specific activity of the reductase
was low in tumors that were excised after 5 d; however, between
5 and 8 d the enzyme activity increased more than 20-fold (Fig.
1). Similar results were obtained when enzyme activity was ex-
pressed on the basis of tumor wet weight or DNAcontent (Fig.
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N Figure 1. HMG-CoAreductase ac-
tivity in murine neuroblastoma in
vivo. Tumor cells were inoculated
into 20 female A/J mice on day 0.
On each of the indicated days, four
mice were sacrificed and tumor ho-
mogenates were assayed for HMG-
CoA reductase, protein, and DNA.
Enzyme activities are expressed as
U/mg protein (.), U/l0 mgwet

E 25 weight (o), and U/0. 1 mgDNA
(A). The bars indicate SEM.

1). The increase in HMG-CoAreductase activity coincided with
the period of most rapid tumor growth (Fig. 2 A) and with a
marked increase in the cellularity of the tumors, assessed by
DNAcontent (Fig. 2 B).

To establish optimal conditions for chemotherapeutic trials
of mevinolin in mice, it was necessary to determine how rapidly
this compound is cleared from the circulation. Groups of mice
were given single subcutaneous injections of mevinolin at three
different doses and blood was withdrawn from the tail vein at
serial intervals after injection. By assaying the ability of 100-M1
samples of mouse serum to suppress the incorporation of [1-
'4C]acetate into sterols in cultured neuroblastoma cells, we were
able to detect the presence of as little as 20 ng of mevinolin per
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Figure 2. Growth pattern of subcuta-
neous neuroblastoma in mice. Tumor
inoculations and biochemical determi-
nations were performed as described
in the text. The data in A illustrate the
increase in tumor weight vs. time in
the tumors used for HMG-CoAreduc-
tase assays (see Fig. 1). B shows the
DNAcontent of the tumors, expressed
as ug DNA/g wet weight (.), and zg
DNA/0. 1 mgprotein (o). Each value
is a mean (±SEM) derived from four
tumors.
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Figure 3. Duration of mevinolin activity in vivo after a single drug in-
jection. (A) The in vitro bioassay developed to measure mevinolin ac-
tivity in mouse blood. Neuroblastoma cells were grown in 25-cm2 cul-
ture flasks for 24 h in Dulbecco's medium supplemented with 10%
(vol/vol) lipoprotein-poor fetal calf serum. Mevinolin was mixed with
mouse serum to yield the indicated final concentrations. To start the
assay, each culture was incubated for 2 h at 37°C with 3 ml of fresh
medium containing 100 ,l mouse serum and 2 MCi [1-'4C]acetate. At
the end of the incubation period, the cells were harvested and incorpo-
ration of radioactivity into digitonin-precipitable sterols was deter-
mined (see Methods). Each point is a mean (±SEM) of separate deter-
minations performed on three cultures. Control cultures contained
100 ul mouse serum without mevinolin. B shows the results of a study
in which the in vitro assay for mevinolin activity was applied to serum
samples obtained from mice at the indicated time intervals after single
subcutaneous injections of mevinolin at doses of 1 mg/kg (o), 5 mg/kg
(A), and 10 mg/kg (-). Control values were derived from serum sam-
ples obtained before injection of mevinolin. All blood samples were
drawn from the tail vein. Each value is a mean (±SEM) derived from
three mice.

ml of culture medium (0.5 ,ug/ml of serum) (Fig. 3 A). Using
this bioassay, we found that most of the mevinolin derived from
a single subcutaneous injection was either inactivated or removed
from the circulation within 3-6 h (Fig. 3 B). To circumvent the
problem of rapid clearance of mevinolin in mice, we resorted
to the use of surgically-implanted subcutaneous osmotic pumps
(Alza Corp.), which can be used to deliver a continuous drug
infusion at a constant flow-rate for a period of 7 d (40).

Three experiments were carried out to assess the ability of
mevinolin to suppress neuroblastoma growth in mice. In the
first two trials, the pumps containing either mevinolin or vehicle
solution were implanted on the day after tumor inoculation.
After 7 d subcutaneous tumor growth was evident in all of the
control mice, whereas tumor development in the mevinolin-
treated mice was markedly stunted (Table I). In the third trial,
we waited until the fifth day after tumor inoculation before
commencing mevinolin treatment. Again, significant inhibition
of tumor growth, based on tumor wet weight, was observed after
7 d of mevinolin treatment (12 d after tumor inoculation)
(Table I).

The tumors removed from control mice and mice treated
with 5 mg/kg per h mevinolin (Trial III, Table I) were examined
histopathologically. The tumor histology in the four controls
was the same. Tumors were densely cellular, malignant, epithe-
lial-looking neoplasms composed of moderately large, polygonal
cells with well-defined borders and no definite cell processes.
Cells were arranged in sheets and the tumor was bound by a

Table I. Effects of Continuous Infusion of Mevinolin on Growth of Neuroblastoma in Mice

Treatment Differential WBC
period (days Sterol
after tumor Tumor Body Liver Total Total Lympho- Granulo- Mono- Serum synthesis in

Treatment group inoculation) weight weight weight erythrocytes leukocytes cytes cytes cytes BUN cholesterol vitro

mg g mg 10'/mm3 103/mm' % % mg/dl mg/dl % inhibition
per 125 gl
serum

I. Control
(n = 10) 1-8 47±23 17.2±0.6 850±30 9.7±0.2 6.9±1.4 - - - - - 0

Mevinolin
(5 mg/kg per h)
(n = 9) 1-8 4±1* 18.1±0.3 770±30 8.9+0.5 5.6±0.9 - - - - - 86.7±4.9

II. Control
(n = 5) 1-8 116±51 18.9±0.4 - - - 69±8 28±7 3±1 -

Mevinolin
(5 mg/kg per h)
(n = 3) 1-8 21±21t 22.0±1.1 - - - 17±2 81±2 2±1 - -

III. Control
(n = 4) 5-12 230±49 19.7±0.7 790±34 10.0±0.5 - - - - 16.8±0.9 100±7 0

Mevinolin
(5 mg/kg per h)
(n = 4) 5-12 30±11§ 20.7±0.8 840±45 8.6±1.5 - - - - 20.8±1.1 121±2 93.9±1.8

Mevinolin
(I mg/kg per h)
(n = 3) 5-12 65±131" 19.3±0.6 910±45 8.6±0.7 - - - - 15.0±1.1 123±11 74.6±2.9

* P < 0.05. t P < 0.10. § P < 0.005. "Pp < 0.025. Female A/J mice were inoculated with 2 X 106 neuroblastoma cells on day 0. Westarted treatment on the
indicated days after tumor inoculation by implanting 7-d osmotic pumps according to the manufacturer's instructions. Pumps were filled with sterile mevinolin solution

(see Methods) at a concentration designed to yield the indicated dosage, based on the average weight of the mice at the start of the experiment and assuming a constant

flow rate of I Ml/h. Control mice received pumps containing vehicle solution alone. At the end of the designated treatment period, the mice were sacrificed, tissues were

removed, and the pumps were disassembled. Only mice containing pumps that had delivered their entire contents (minus the small residual volume specified by the
manufacturer) were included in the study. Blood cell counts were performed with a Coulter counter. Differential counts were performed on smears stained with
Wright's stain. Colorimetric determinations of cholesterol and BUNand assays for sterol synthesis-suppressing activity in mouse serum were performed as described in

the text. Statistical comparison of mevinolin-treated groups to control groups were performed by Student's t test (41).
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thin connective tissue capsule. Occasionally the cells formed
short rows and very rarely they formed a true rosette with an
acinar lumen. Most cells exhibited moderately abundant cyto-
plasm and an ovoid nucleus with a prominent nucleolus and
one or more coarse clumps of chromatin against a pale back-
ground. Scattered tumor cells were considerably larger than the
norm and had one or more large, irregular, and hyperchromatic
nuclei. Near the margin of the tumor the predominant cell was
smaller than elsewhere and the nuclei were more uniformly and
densely chromatic. The blood supply consisted of widely spaced
capillaries with modest endothelial hyperplasia and no discern-
ible architectural relation to the tumor cells. Mitotic figures,
some of them abnormal, were numerous. Spontaneous degen-
eration was evident in isolated cells undergoing pyknosis or sim-
ple chromatolysis and in scattered plate-like zones of coagulative
necrosis.

In contrast to the control tumors, the residual neoplasms
from the mevinolin-treated mice were characterized by marked
cellular degeneration and depletion of mitotic cells. In the
smallest of the treated tumors, there was uniform pyknotic de-
generation of all the remaining tumor cells. In two other tumors,
no mitotic figures were encountered and the zones of coagulative
necrosis composed a larger proportion of the total area than in
the control tumors. In addition, there were tissue spaces filled
with proteinaceous fluid and bits of cellular debris. With the
exception of the absence of mitoses, the appearance of the re-
maining viable tumor cells was not appreciably different from
that seen in the control tumors. One treated tumor was slightly
larger and better preserved than the other three. In this tumor
a few cells undergoing mitosis were present. No infiltration by
inflammatory cells or phagocytes was seen, and the blood vessels
were not inflamed or altered. In agreement with the measure-
ments of tumor wet weight (Table I), the surface area of the
sectioned halves of the dehydrated and embedded tumors from
the mevinolin-treated mice was less than one fifth that of the
control tumors (Fig. 4).

Concentrated solutions of mevinolin produced some in-
flammatory injury, necrosis, and subcutaneous edema near the
outflow site of the osmotic pumps, presumably due to the effects
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of high local drug levels on the dermal and epidermal tissues.
However, the mevinolin-treated mice were comparable to the
controls with respect to total body weight, liver weight, eryth-
rocyte count, and BUNlevels (Table I). Upon gross examination,
the internal organs (e.g., heart, lungs, spleen, gastrointestinal
tract) appeared normal. Total leukocyte counts also fell within
the normal range; however, differential counts revealed an in-
creased proportion of granulocytes (almost exclusively neutro-
phils) relative to lymphocytes in the mevinolin-treated animals.
This probably reflects a stimulation of granulopoiesis in response
to the local skin injury near the pump site, rather than a direct
effect of mevinolin. In any case, the data suggest that mevinolin
does not suppress the proliferative response of the granulopoietic
and erythropoietic stem cells. Finally, we detected no obvious
signs of neurotoxicity, such as ataxia, dystonia, or paralysis, in
the mice treated with mevinolin.

Competitive inhibitors of HMG-CoAreductase are known
to produce compensatory increases in the content of this enzyme
in mouse liver (42, 43), rat hepatocytes (44), Chinese hamster
ovary cells (45), and cultured human skin fibroblasts (46). We
have observed a similar increase in the activity of HMG-CoA
reductase in broken-cell preparations from neuroblastoma cul-
tures exposed to mevinolin for 24 h (Maltese, W. A., and
K. M. Sheridan, unpublished observation). However, as long as
the competitive inhibitor is present in the culture medium,
isoprenoid synthesis remains blocked in the intact neuroblastoma
cells (39). Serum samples obtained from the mevinolin-treated
mice at the end of the 7-d treatment regimen contained sub-
stantial sterol synthesis-suppressing activity in vitro (Table I),
indicating that the osmotic pumps had delivered mevinolin for
the duration of the study. However, to determine whether the
level of circulating mevinolin was sufficient to block the activity
of HMG-CoAreductase continuously in tumors growing in vivo,
we measured the incorporation of [3H]acetate into neuroblas-
toma sterols in mice that had been treated with a continuous
infusion of mevinolin for 24 h. As shown in Table II, the level
of mevinolin generated by the osmotic pumps resulted in an
80%decrease in the relative rate of sterol synthesis in the tumors.
The decreased labeling of ubiquinone (Table II) indicated that

SS_
Figure 4. Photomicrographs
of equatorial sections of tu-
mors from control (A) and
mevinolin-treated (B) mice.
Tumors were obtained from
the four control mice in treat-
ment group III (see Table I)
and from the four mice
treated with mevinolin at a
dose of 5 mg/kg per h in the
same group. All photographs
show sections stained with
hematoxylin-eosin and mag-
nified X1.3.
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Table I. Effects of Mevinolin on Incorporation of [3HJAcetate into Tumor Sterols and Ubiquinones

Sterol synthesis Ubiquinone synthesis

Treatment group Tumor weight dpm C/g protein dpm C/dpm PL dpm U/g protein dpm U/dpm PL

g

Control
(n = 3) 0.33±0.03 148,907±21,054 2.20±0.67 7,236±1,046 0.10±0.01

Mevinolin
(5 mg/kg/h)
(n = 3) 0.37±0.15 24,941±8.866 0.25±0.13 4,010±181 0.05±0.02

Six mice were inoculated with neuroblastoma cells on day 0 and subcutaneous tumors were allowed to develop for 10 d. On the 11th day after
tumor inoculation osmotic pumps containing mevinolin or vehicle solution were implanted. 24 h later, the mice were given an intraperitoneal
injection of [3H]acetate (50 mCi/kg) and tumors were removed after 2 h. The incorporation of radioactivity into lipids comigrating with choles-
terol (C), ubiquinone-IO (U), and phospholipids (PL) was determined as described in the Methods. All values are mean±SEM.

the level of circulating mevinolin was also sufficient to inhibit
the flux of acetate into other branches of the isoprenoid pathway
that normally seem to be saturated at low mevalonate concen-
trations (1).

Discussion

The present study shows that continuous infusion of mevinolin,
a competitive inhibitor of HMG-CoAreductase, inhibits the
growth of neuroblastoma in mice. The histopathology of the
mevinolin-treated neuroblastomas suggests that the effects of
mevinolin in vivo are similar to those observed in cultured cells
after blocking mevalonate synthesis; i.e., initial arrest of cell pro-
liferation (22-27) followed by eventual cell death (47). However,
since foci of spontaneous degeneration were observed in the
untreated tumors, it remains possible that the stunted growth
of the treated tumors reflects, at least in part, attrition in the
absence of new cell growth, rather than a direct cytocidal effect
of the drug. The general absence of overt toxicity in mice treated
with mevinolin for 7 d is consistent with the results of preliminary
clinical trials in which much lower doses of this compound,
administered twice daily for 1-4 wk, were found to have a cho-
lesterol-lowering effect in normal volunteers or patients with
hypercholesterolemia without producing major adverse side ef-
fects ( 17-20).

Our observation that the serum cholesterol levels in the mice
treated with mevinolin were not reduced (Table I), is consistent
with an earlier report that the mevinolin analog, compactin, is
not an effective hypocholesterolemic drug in mice and rats (42).
Endo et al. (42) proposed that this phenomenon might be due
to the fact that compactin decreases the elimination of hepatic
cholesterol via the bile acid pathway in rodents, but not in dogs
or primates. However, because the animals in their study were
given only one dose of compactin per day, it was also possible
that rapid drug clearance and subsequent expression of induced
hepatic HMG-CoAreductase activity contributed to the lack of
hypocholesterolemic activity (42). Although we did not measure
hepatic sterol synthesis, our finding that normal serum choles-
terol levels were maintained in mice receiving a constant infusion
of mevinolin at a dose sufficient to block the induced HMG-
CoA reductase activity in subcutaneous tumors (Table II) sug-
gests that the latter mechanism (i.e., expression of induced he-
patic HMG-CoAreductase) was not the primary cause for the

ineffectiveness of mevinolin as a cholesterol-lowering agent in
our experiments. In any case, the observation that mevinolin
inhibited tumor growth without decreasing serum cholesterol
levels has important implications for the possible mechanism
underlying the antineoplastic activity of this compound. Thus,
since murine neuroblastoma cells can utilize extracellular serum
low-density lipoprotein as a source of cholesterol (34, 48), it
seems unlikely that inhibition of de novo sterol synthesis by
mevinolin could by itself deprive the growing tumor cells of
cholesterol needed for membrane replication. Onthe other hand,
the data demonstrating a decreased incorporation of [3H]acetate
into ubiquinone in tumors from mevinolin-treated mice (Table
II) are provocative, since they suggest that inhibition of neuro-
blastoma growth may be related to inhibition of the synthesis
of nonsterol isoprenoid compounds such as dolichol, ubiquinone,
isopentenyl-tRNA, or other poorly characterized isoprenoids that
are required by rapidly proliferating cells. This conclusion would
be consistent with studies of synchronized cells in vitro, which
have shown that supplementing the cultures with cholesterol
cannot reverse the arrest of cell proliferation that occurs when
mevalonate synthesis is blocked by high concentrations of com-
pactin or mevinolin (23-26).

The C1300 murine neuroblastoma is considered to be a good
model for human neuroblastoma, insofar as it exhibits a similar
pattern of metastasis (49) and is relatively resistant to most con-
ventional chemotherapeutic drugs targeted at DNAreplication
(50-52). Therefore, although much remains to be learned about
the effects of mevinolin on long-term survival, tumor metastasis,
and the physiology of normal tissues, our observation that this
compound can suppress tumor growth in vivo suggests that
competitive inhibitors of HMG-CoAreductase merit serious
evaluation as potential chemotherapeutic agents for treatment
of neuroblastoma and other malignancies (32) exhibiting rela-
tively high levels of this enzyme.
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