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The homeostasis of intracellular cholesterol in animal cells is highly regulated by a complex system in which
the microsomal rate-limiting enzyme 3-hydroxy-3-methylglutaryl CoA (HMG-CoA) reductase plays a key role
in cholesterol synthesis. Substantial evidence has demonstrated that the cytosolic antioxidant enzyme CuZn
superoxide dismutase (SOD1) inhibits the HMG-CoA reductase activity in rat hepatocytes and in human fibro-
blasts by decreasing cholesterol synthesis. Although these data suggest that SOD1 exerts a physiological role in
cholesterol metabolism, it is still unclear whether the decrease of HMG-CoA reductase activity is mediated by
transcriptional or by posttranscriptional events. The results of the present study, obtained by one-step RT-PCR
assay, demonstrated that both SOD1 and the metal-free form of enzyme (Apo SOD1) inhibit HMG-CoA reduc-
tase gene expression in hepatocarcinoma HepG?2 cells, in normal human fibroblasts, and in fibroblasts of subjects
affected by familiar hypercholesterolemia. Accordingly, SOD1 could be used as a potential agent in the treatment
of hypercholesterolemia, even in subjects lacking a functional LDL receptor pathway.
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THE intracellular cholesterol content is tightly con- which is involved in the uptake of exogenous choles-
trolled. Brown and Goldstein’s classical experiments terol (10). HMG-CoA reductase is an enzyme regu-
(4) have, in fact, demonstrated that when intracellular lated by a complex system in which both cholesterol
cholesterol is too high, cells downregulate cholesterol and nonsterol mevalonate metabolites carry out a feed-
synthesis and LDL cholesterol uptake. By contrast, back suppression (5).
when the intracellular cholesterol is insufficient, cho- Current studies suggest that the suppression of cho-
lesterol synthesis and LDL cholesterol uptake increase. lesterol is mainly mediated by oxysterols produced
In mammalian cells, cholesterol synthesis is mainly within the cell by oxidation of intracellular cholesterol;
regulated by the microsomal rate-limiting enzyme 3- however, many other physiological mechanisms, as en-
hydroxy-3-methylglutaryl-CoA (HMG-CoA) reduc- zyme oxidation or phosphorylation caused by many
tase, which constitutes the limiting step in cholesterol types of kinases, are capable of inactivating HMG-
biosynthesis, and by the LDL receptor pathway, CoA reductase and of increasing its catabolism (24).
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Consistent with these findings, we have found
that CuZn superoxide dismutase (SOD1) inhibits
HMG-CoA reductase activity in rat hepatocyte cells
(BRL-3A) and in human fibroblasts. Furthermore, we
previously showed that such inhibitory effect on
HMG-CoA reductase activity is also paralleled by a
decrease in HMG-CoA reductase protein levels (17,
22) and that the circulating SOD1 binds to lipopro-
teins, mainly to LDL and HDL (19).

Furthermore, we have also recently reported that
SOD1 affects cholesterol metabolism by decreasing
cholesterol synthesis and LDL binding to human hep-
atocarcinoma HepG?2 cells. Interestingly, this effect
was shown to be independent of the dismutase activ-
ity of the enzyme and was mediated by PKC activa-
tion (22).

Although these data further confirm the relevant
role played by SOD1 in cholesterol metabolism, it is
still not fully understood whether the decrease of
HMG-CoA reductase activity is mediated by tran-
scriptional or posttranscriptional events.

Therefore, to have a better understanding of the
mechanisms involved in cholesterol synthesis sup-
pression, we evaluated the effect of SOD1 on HMG-
CoA reductase gene expression in HepG2 cells and
in human fibroblasts, deriving either from normo-
cholesterolemic subjects or from subjects affected by
familial heterozygotic hypercholesterolemia.

MATERIALS AND METHODS
Cells

Human hepatocarcinoma cells (HepG2 cells) and
human fibroblasts of normal and hypercholesterol-
emic subjects (obtained from the “Cell Line and
DNA Bank of patients affected by Genetic Diseases™)
were grown in Dulbecco’s modified Eagle’s medium
(DMEM), containing 10% fetal bovine serum (FBS),
2 mM L-glutamine, 50 pg/ml streptomycin, and 50
[U/ml penicillin (all purchased from Life Technolo-
gies, Italy); the cells were kept in 5% CO, at 37°C.

To measure the mRNA of HMG-CoA reductase,
human fibroblasts and HepG2 cells were starved in
DMEM without serum for 18 h. Next, the cells were
incubated with 150 ng/ml SOD1 at different time in-
tervals, as reported in the Results section. In one se-
ries of experiments cells were incubated with SOD1
in the presence of 10% FBS.

RNA Preparation

Total RNAs of cell lines were extracted with High
Pure RNA isolation kit (Roche), according to the
manufacturer’s instructions, using 1 X 10° cells. Traces
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of contaminated DNA were removed with DNAse 1
treatment.

[Ca**]; Measurements

To evaluate whether the modulation of SOD1 on
HMG-CoA reducatese gene expression involved an
increase of intracellular calcium, via PLC-PKC path-
way activation, [Ca®™), measurements were performed
using a microfluorimetric technique as previously re-
ported (9). Briefly, cells grown on glass coverslips
were loaded with 5 uM fura-2 AM in Krebs-Ringer
saline solution for 1 h at 22°C. At the end of fura-2
AM loading, the coverslips were introduced into a
microscope chamber (Medical System Co., Green-
vale, NY) mounted on an inverted Nikon Diaphot flu-
orescence microscope. Cells were kept in Krebs-
Ringer saline solution throughout the experiment. All
the solutions were prepared as previously reported
(26). The substances tested were introduced into the
microscope chamber by fast injection. A 100-W Xenon
Lamp (Osram, Frankfurt, Germany) with a computer-
operated filter wheel, bearing two different interfer-
ence filters (340 and 380 nm), illuminated the micro-
scopic field with UV light, alternating the wavelength
at 500-ms intervals. The interval between each pair
of illuminations was 2 s, and the interval between
filter movements was 1 s. Consequently, [Ca™);, was
measured every 3 s. Emitted light was passed through
a 400-nm dichroic mirror, was filtered at 510 nm, and
was collected by a CCD camera (Photonic Science,
Robertsbridge, UK) connected to a light amplifier
(Applied Imaging Ltd, Dukesway Gateshead, UK).
Images were digitized and analyzed with a Magiscan
image processor (Applied Imaging Ltd, Dukesway
Gateshead, UK). Using a calibration curve, the
AUTOLAB software (RBR Altair, Florence, Italy)
calculated the [Ca™], corresponding to each pair of
images from the ratio between the intensity of the
light emitted when cells were illuminated at both 340
and 380 nm. At the end of each experimental session,
the calibration was performed according to the proce-
dure described by Grynkievicz et al. (11). In particu-
lar, cells were lyzed with ionomycin (2—10 pM) in
the presence of 1.5 mM extracellular Ca®. The addi-
tion of ionomycin produced a rapid increase in fluo-
rescence intensity, allowing us to calculate the R,
value. To determine the R,;, value, cells were subse-
quently exposed to a Ca**-free solution containing
1-20 mM EGTA. Given that K, for Ca** of fura-2
AM is 224 nM at 37°C, the R,;, and R,,,, values were
introduced into the Grynkievicz formula to convert
the values of the fluorescence ratio, ranging between
340 and 380 nm, to [Ca2+]i. The values were sub-
tracted for background fluorescence obtained from
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images taken from a region of the coverslip devoid
of cells. No interference was detected between any of
the compounds utilized in the present study and the
excitation or the emission spectra of fura-2 AM.

Semiquantitative RT-PCR

To improve the accuracy and sensitivity of the pro-
cedure, we performed 1) a one-step quantitative re-
verse transcription polymerase chain reaction, in which
the reverse transcriptase enzyme and Pwo and Taq
DNA polymerase were combined in the one tube, and
2) a single, noninterrupted thermal cycling program.
Quantitation was achieved in a single reaction by us-
ing the housekeeping P-actin gene as internal stan-
dard.

RNA template (100 ng) was reverse-transcribed in
50 pl reaction mix containing 200 uM dNTPs, 100
mM DTT, 0.25 ul RNAse inhibitor, 1.5 mM MgCl,,
and 1 pul enzyme mix (Titan One-tube RT-PCR Kkit,
Roche).

The solution was incubated for 30 min at 50°C in
an automated DNA thermal cycler (GeneAmp 2400
Perkin Elmer). To perform RT-PCR at optimal condi-
tions and to stay within the logarithmically linear
product formation, 40 cycles were chosen (30 s at
94°C, 30 s at 59°C, 60 s at 68°C) and were followed
by a final extension for 7 min at 68°C.

B-Actin and Hmg primer pairs were designed to
yield PCR products of different sizes (587 bp for B-
actin and 391 bp for Hmg). The forward and reverse
B-actin primers were 5-CCAAGGCCAACCGCGA
GAAGATGAC-3" and 5-AGGGTACATGGTGGT
GCCGCCAGAC-3, respectively; the forward and re-
verse HMG-CoA reductase primers were 5-AGCT
TTGCCCTTTTTCCTACTTTT-3" and 5-AGGGTA
CATGGTGGTGCCGCCAGAC-3’, respectively.

SREBP-2, squalene synthase, and LDL receptor
gene primer pairs were designed to yield PCR prod-
ucts of different sizes, such as 401, 319, and 258 bp,
respectively. The forward and reverse SREBP-2
primers were 5-CCCTTCAGTGCAACGGTCATT
CAC-3’ and 5-TGCCATTGGCCGTTTGTGTC-3, re-
spectively; the forward and reverse squalene synthase
primers were 5-TTCTACAACCTGGTGCGCTT-3’
and 5-CGATCCTTCTCCTTGCTCTC-3, respectively;
the forward and reverse LDL receptor primers were
5’-CAATGTCTCACCAAGCTCTG-3" and 5-TCT
GTCTCGAGGGGTAGCTG-3’, respectively. To per-
form RT-PCR at optimal conditions and to stay
within the logarithmically linear product formation,
40 cycles were chosen (30 s at 94°C, 30 s at 60°C,
60 s at 68°C) for SREBP-2 and 40 cycles (30 s at
94°C, 30 s at 57°C, 60 s at 68°C) for squalene syn-
thase and LDL receptor, followed by a final exten-
sion for 7 min at 68°C.

To rule out genomic DNA contamination we per-
formed a negative control that contained RNA in-
stead of cDNA.

The signal intensities of PCR products were sepa-
rated on a 1.2% agarose gel and were visualized by
ethidium bromide staining. The products’ signal in-
tensities were determined by computerized densito-
metric analysis using Fotoplot software. The expres-
sion of HMG-CoA reductase, SREBP-2, squalene
synthase, and LDL receptor mRNAs were normalized
to B-actin mRNA levels.

Statistical Analysis

All results shown are mean = SD of at least three
separate experiments; each point represents a tripli-
cate of each experiment. Statistically significant dif-
ferences were tested by one-way analysis of variance
(ANOVA).

DNA Sequencing

To check the specificity of the amplified products,
DNA bands were eluted from the gel and purified;
sequence analysis was determined by the Big Dye
Terminator Cycle Sequencing method (ABI-PRISM
Sequencer 310 Perkin-Elmer).

RESULTS

Commonly, gene expression has been determined
by the one-step RT-PCR technique (14,23), because
it is considered a useful method for investigating
transcriptional gene expression. However, because
the relevance of assay conditions should be reas-
sessed whenever applied to mRNA levels of different
types of cells and tissues (2,6,27), the following ex-
perimental procedure was carried out. Firstly, we
subjected HepG2 cells to the one-step RT-PCR assay;
secondly, we examined the correlation between the
amounts of RNA used and those of the PCR prod-
ucts, deriving from HMG-CoA reductase gene (the
target) and P-actin (the internal standard) mRNA:s.
The bands corresponding to the expected size of PCR
products for HMG-CoA reductase mRNA (587 bp)
and P-actin mRNA (391 bp) were observed on the
agarose gel. The intensity of these bands increased in
proportion to the increasing total RNA from 0.1 to 2
pg/tube. Moreover, during the PCR cycles the cell
lines showed a linear increment in both PCR prod-
ucts, ranging from 25 to 40 cycles (data not shown).

The purification and sequencing of these bands
confirmed the HMG-CoA and the B-actin transcripts.
The same procedure was used to assay SREBP-2,
squalene synthase, and LDL receptor gene expres-
sion.
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Similar results were also obtained using total RNA
deriving from human fibroblasts of both normal and
hypercholesterolemic subjects (data not shown).

In effect, in Hep-G2 cells, we observed a signifi-
cant reduction in HMG-CoA reductase expression
after 1 h of SODI1 incubation (Fig. 1A and B) and a
linear decrease in HMG-CoA reductase expression up
to 4 h of SOD1 incubation. Four hours of Apo SOD
incubation produced similar results to the ones ob-
tained during 4 h of SODI1 incubation.

Data from the same series of experiments was per-
formed in normal fibroblasts, as shown in Figure 2A
and B. Similarly, in normal fibroblasts, a linear
HMG-CoA reductase expression reduction followed
SODI incubation. SOD1 incubation of human fibro-
blasts, deriving from subjects affected by familial
heterozygotic hypercholesterolemia, led to a reduc-
tion of HMG-CoA expression for up to 4 h (Fig. 3A,
lanes 3-5, and B). Interestingly, because similar re-
sults were observed after 4 h of Apo SOD and of
SOD1 incubations in hypercholesterolemic fibro-
blasts, as well as in HepG2 cells and in normal fibro-
blasts, we concluded that the HMG-CoA reductase
expression reduction is independent of the dismutase
activity of SODI.

The microfluorimetric determination of intracellu-
lar calcium concentration in HepG2 cells, starved
overnight in a medium without serum and then incu-
bated with 150 ng/ml of SODI, was assessed (Fig.
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4). After about 5 min, the cytosolic calcium started
to increase, reaching an increment of 48%.

To evaluate whether the cytosolic calcium increase
depended on the activation of the phospholipase
C(PLC)-protein kinase C (PKC) pathway, we deter-
mined the cytosolic calcium concentration in HepG2
cells. The cells were starved and were incubated with
150 ng/ml of SODI in the presence and in the ab-
sence of 10 uM of U73122 (PLC inhibitor) and 1 uM
of BDM (PKC inhibitor). The PLC inhibitor com-
pletely reversed the calcium increase determined by
SOD1 (Fig. SA), whereas the PKC inhibitor only par-
tially reduced the intracellular calcium increase in-
duced by SODI1 treatment (Fig. 5B and C).

To verify whether the inhibition of PLC-PKC
pathway induced by U73122 and by BDM, respec-
tively, also contributed to SOD1 downregulation of
HMG-CoA reductase gene expression, the effect of
SOD1 on HMG-CoA reductase mRNA was evaluated
(Fig. 6). In effect, both substances reversed the inhib-
itory effect of SOD1 on HMG-CoA reductase gene
expression.

Furthermore, to assess whether the inhibitory ef-
fect of SODI on the reductase gene expression oc-
curred also in the presence of serum, we performed a
further experiment in the presence of 10% FBS. The
incubation of HepG2 cells in the presence of the se-
rum led to a downregulation of HMG-CoA reductase
gene expression, as expected from the presence of
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Figure 1. (A) Effect of SOD1 on HMG-CoA reductase mRNA in HepG2 cells. Quantitation was achieved in a single reaction in all the cell
lines by the use of B-actin gene as internal standard. Left lane: marker 100 bp. Lane 1: untreated HepG2 cells; lane 2: 10-min SOD1
incubation; lane 3: 30-min SOD1 incubation; lane 4: 1-h SOD1 incubation; lane 5: 1-h Apo SOD1 incubation; lane 6: 2-h SOD1 incubation;
lane 7: 4-h SOD1 incubation; lane 8: 4-h Apo SOD incubation. (B) Quantitation of the effect of SOD1 on HMG-CoA reductase mRNA
expression in HepG2 cells. Each bar represents the mean of three independent experiments in which the ratio of target PCR product/internal
standard PCR product was plotted. 1: Untreated HepG2 cells; 2: 10-min SOD1 incubation; 3: 30-min SODI1 incubation; 4: 1-h SODI1
incubation; 5: 1-h Apo SODI incubation; 6: 2-h SODI incubation; 7: 4-h SODI1 incubation; 8: 4-h Apo SOD incubation.
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Figure 2. (A) Effect of SOD1 on HMG-CoA reductase mRNA in fibroblast cells from normal subjects. Quantitation was achieved in a
single reaction in all the cell lines by the use of B-actin gene as internal standard. Left lane: marker 100 bp. Lane 1: untreated fibroblasts
cells from normal subjects; lane 2: 1-h SOD1 incubation; lane 3: 2-h SOD1 incubation; lane 4: 2-h Apo SOD incubation. (B) Quantitation
of the effect of SOD1 on HMG-CoA reductase mRNA expression in normal subjects. Each bar represents the mean of three independent
experiments in which the ratio of target PCR product/internal standard PCR product was plotted. 1: Untreated fibroblast cells from normal
subjects; 2: 1-h SODI1 incubation; 3: 2-h SODI incubation; 4: 2-h Apo SOD incubation.

serum cholesterol; instead, the concomitant incuba- same downregulation was observed for the expres-

tion of HepG2 cells in the presence of both serum
and SODI1 caused only a slighter decrease in HMG-
CoA gene expression (Fig. 7). To evaluate whether
SODI1 affected other sterol-responsive genes involved
in cholesterol metabolism, we evaluated squalene
synthase and LDL receptor gene expression. The

sion of squalene synthase (Fig. 8) and for LDL recep-
tor (Fig. 9). Moreover, to investigate whether SOD1
regulated the HMG-CoA reductase, squalene syn-
thase, and LDL receptor at a transcriptional level, we
studied the effect of SOD1 on the gene expression of
sterol regulatory element-binding proteins (SREBP-2)
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Figure 3. (A) Effect of SOD1 on HMG-CoA reductase mRNA in fibroblasts from hypercholesterolemic subjects. Quantitation was achieved
in a single reaction in all the cell lines by the use of B-actin gene as internal standard. Left lane: marker 100 bp. Lane 1: untreated fibroblasts
cells from hypercholesterolemic subjects; lane 2: 30-min SOD incubation; lane 3: 1-h SOD incubation; lane 4: 2-h SOD incubation; lane 5:
4-h SOD incubation; lane 6: 4-h Apo SOD incubation. (B) Quantification of the effect of SOD1 on HMG-CoA reductase mRNA expression
in fibroblasts from hypercholesterolemic subjects. Each bar represents the mean of three independent experiments in which the ratio of
target PCR product/internal standard PCR product was plotted. 1: Untreated fibroblast cells from hypercholesterolemic subjects; 2: 30-min
SOD incubation; 3: 1-h SOD incubation; 4: 2-h SOD incubation; 5: 4-h SOD incubation; 6: 4-h Apo SOD incubation.



34 DE FELICE ET AL.

340 _ 150ng/ml SOD

280
220

160

[Ca?]; (nM)

100 : ‘ T .
0 416 832
Time (sec.)

Figure 4. Microfluorimetric intracellular calcium concentration in HepG2 cells incubated with 150 ng/ml of SODI.
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Figure 5. Microfluorimetric calcium concentration in HepG2 cells preincubated for 15 min with 10 uM U73122 (A) and 1 uM BDM (B),
respectively, and then treated with 150 ng/ml of SODI. (C) The percentage increase of intracellular calcium in SODI1-treated cells and in
cells treated with PLC and PKC inhibitors.
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Figure 6. Effect of SOD1 on HMG-CoA reductase mRNA in HepG2 cells. Quantitation was achieved in a single reaction in all the cell
lines by the use of B-actin gene as internal standard. Left lane: marker 100 bp. Lane 1: untreated HepG2 cells; lane 2: 20-min preincubation
with BDM and 1-h incubation with 150 ng/ml SOD1; lane 3: 20-min preincubation with U73122 and 1-h incubation with 150 ng/ml SOD1;

lane 4: HepG2 incubated for 1 h with 150 ng/ml SOD 1 alone.

belonging to a family of membrane-bound transcrip-
tional factors that regulate many enzymes of choles-
terol metabolism (12). As shown in Figure 10, the in-
cubation of both SODI1 and Apo SOD (150 ng/ml) in
HepG-2 strongly decreased SREBP-2 gene expression.

DISCUSSION

In this study, we found that the SODI1 is able to
inhibit HMG-CoA reductase gene expression in

B actin
HMG CoA Red

HepG2 cells and other genes correlated with choles-
terol metabolism, such as squalene synthase and LDL
receptor. Furthermore, SODI1 strongly downregulated
the membrane-bound transcriptional factor (SREBP-2)
that controls many enzymes involved in the choles-
terol biosynthetic pathway. As already documented
on cholesterol synthesis (22), the effect is indepen-
dent of SODI1 activity, because the metal-free en-
zyme (Apo SOD) yields the same inhibitory effect on
HMG-CoA reductase gene expression. Similar inhib-
itory effects are also observed in HepG2 cells incu-
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Figure 7. (A) Effect of SOD1 on HMG-CoA reductase mRNA in HepG2 cells. Quantitation was achieved in a single reaction in all the cell
lines by the use of B-actin gene as internal standard. Left lane: marker 100 bp. Lane 1: untreated HepG2 cells without serum; lane 2: HepG2
cells without serum + 1-h SODI1 incubation; lane 3: untreated HepG2 cells with serum; lane 4: HepG2 cells with serum + 1-h SOD1 incuba-
tion. (B) Quantification of the effect of SOD1 on HMG-CoA reductase mRNA expression in HepG2 cells. Each bar represents the mean of
three independent experiments in which the ratio of target PCR product/internal standard PCR product was plotted. 1: Untreated HepG2
cells without serum; 2: untreated HepG2 cells without serum + 1-h SODI incubation; 3: untreated HepG2 cells with serum; 4: untreated

HepG2 cells with serum + 1-h SOD1 incubation.
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Figure 8. (A) Effect of SOD1 on squalene synthase mRNA in HepG2 cells. Quantitation was achieved in a single reaction in all the cell
lines by the use of B-actin gene as internal standard. Left lane: marker 100 bp. Lane 1: untreated HepG2 cells; lane 2: 30-min SOD1
incubation; lane 3: 2-h SOD1 incubation; lane 4: 2-h Apo SOD incubation. (B) Quantitation of the effect of SODI on squalene synthase
mRNA expression in HepG2 cells. Each bar represents the mean of three independent experiments in which the ratio of target PCR product/
internal standard PCR product was plotted. 1: Untreated HepG2 cells; 2: 30-min SODI incubation; 3: 2-h SOD1 incubation; 4: 2-h Apo
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bated in 10% FBS in the presence of SODI. In fact,
a synergic effect of both serum cholesterol and SOD1
led to a decrease in HMG-CoA gene expression. This
effect was less evident when HepG2 cells were incu-
bated only with FBS.

CuZn SOD is secreted by many cellular lines
(18,20) and is transported in the blood by binding to
lipoproteins, mainly LDL and HDL (19) and to albu-
min (13).

Our data demonstrated that in the cell lines tested,
the SOD1 strongly inhibits the HMG-CoA reductase
gene expression affecting cholesterol metabolism,
both in wild-type fibroblasts and in fibroblasts of pa-
tients affected by familial hypercolesterolemia. This
effect is in agreement with our previous research in
which a strong decrease in HMG-CoA reductase pro-

tein amount was observed in cells treated with SOD1
(22). The effect carried out by SODI1, as well as by
Apo SOD, on enzymes involved in cholesterol syn-
thesis is exerted at the transcriptional level, as shown
by the strong downregulation of SREBP-2. It is in
this respect that SOD1 works differently from statins,
such as compactin and lovastatin, potent inhibitors of
HMG-CoA reductase (1,9). In fact, when native cells
are exposed to statins in their growth medium, such
inhibitors induce an increase in the rate of HMG-CoA
reductase gene expression (7,16). Moreover, the
mechanism involved in the downregulation of HMG-
CoA reductase gene expression, induced by SODI,
seems to be correlated with the activation of PKC
activity (data not shown) and with an increase in in-
tracellular calcium concentration.
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Figure 9. (A) Effect of SOD1 on LDL receptor mRNA in HepG2 cells. Quantitation was achieved in a single reaction in all the cell lines
by the use of B-actin gene as internal standard. Left lane: marker 100 bp. Lane 1: untreated HepG2 cells; lane 2: 30-min SOD1 incubation;
lane 3: 2-h SOD1 incubation; lane 4: 2-h Apo SOD incubation. (B) Quantitation of the effect of SOD1 on LDL receptor mRNA expression
in HepG2 cells. Each bar represents the mean of three independent experiments in which the ratio of target PCR product/internal standard
PCR product was plotted. 1: Untreated HepG2 cells; 2: 30-min SODI1 incubation; 3: 2-h SOD1 incubation, 4: 2-hours Apo SOD1 incubation.
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Figure 10. (A) Effect of SOD1 on SREBP-2 mRNA in HepG2 cells. Quantitation was achieved in a single reaction in all the cell lines by
the use of B-actin gene as internal standard. Left lane: marker 100 bp. Lane 1: untreated HepG?2 cells; lane 2: 30-min SODI1 incubation;
lane 3: 2-h SOD1 incubation; lane 4: 2-h ApoSOD incubation. (B) Quantitation of the effect of SOD1 on SREBP-2 mRNA expression in
HepG2 cells. Each bar represents the mean of three independent experiments in which the ratio of target PCR product/internal standard PCR
product was plotted. 1: Untreated HepG2 cells; 2: 30-min SOD1 incubation; 3: 2-h SOD1 incubation; 4: 2-h Apo SOD1 incubation.

Evidence that the activation of PLC—PKC pathway
elicits a strong increase in intracellular calcium is
supported by the finding that in HepG2 cells U73122
(PLC inhibitor) and BDM (PKC inhibitor) can re-
verse either the increased intracellular calcium con-
centration or the downregulation of HMG-CoA re-
ductase gene expression induced by SODI.

Although our present results do not reveal how
SOD1 is transported into the cells, our unpublished
data do indicate that SODI1 can be internalized in
HepG2 cells by endocytosis, occurring 15 min after
incubation.

More importantly, the experimental outcomes of
our study reflect the hypothesis that the inhibitory ef-
fect of SOD1 on cholesterol metabolism can be as-
cribed to a signal transduction mechanism that involves
the activation of PLC-PKC-intracellular calcium
concentration.

These data, together with previous studies (8,15,
20,21), which demonstrate that free SOD1 is bound
to plasma lipoproteins (19) and is internalized in rat
hepatocytes, indicate that CuZn superoxide dismutase
plays a key role in affecting the cellular cholesterol
synthesis via HMG-CoA reductase gene expression
regulation.

Theoretically, the experimental and therapeutic po-
tentials of SOD1 could be limited, because the pro-

tein is rapidly cleared by the kidneys (25,28). How-
ever, it has been reported that when SOD1 is combined
with polyethylene glycol (PEG) its half-life is in-
creased up to 40 h, its immunogenicity is reduced,
and its sensitivity to proteolysis diminished (3).

Finally, we conclude that the inhibitory role of
SODI1 on cholesterol synthesis could prospectively
be of particular interest also in relation to the treat-
ment of familial hypercholesterolemia, thus suggest-
ing a potential therapeutic use of this antioxidant en-
Zyme.
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