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The development of statin drugs has revolutionized the
treatment of hyperlipidemia and cardiovascular disease.
With the use of statins we are now able to markedly lower
LDL cholesterol levels. For example, with high doses of
potent statins we can reduce LDL cholesterol levels by
more than 50% (1). However, despite these impressive re-
ductions there is still the need for additional therapeutic
agents in a significant number of patients. First, patients
with genetic disorders of lipoprotein metabolism, such as
patients with familial hypercholesterolemia who have
marked elevations of LDL cholesterol, seldom achieve
LDL cholesterol levels less than 100 mg/dl even with ag-
gressive statin treatment alone (2). Second, with the trend
toward more stringent LDL lowering goals (i.e., LDL cho-
lesterol <70 mg/dl) many patients are unable to achieve
these low values with statin therapy alone. For example, in
the Treat to New Target study, atorvastatin 80 mg resulted
in a mean LDL of 77 mg/dl, demonstrating that a signifi-
cant percentage of patients with coronary artery disease
will not reach an LDL goal of less than 70 mg/dl with po-
tent statin therapy alone (3). Finally, a significant percent-
age of patients cannot tolerate statin therapy or can only
take low doses of statins because of muscle symptoms (4).
Thus, there is a clear need for additional therapies to
lower LDL cholesterol levels.

Mipomersen is a second generation antisense oligonu-
cleotide that targets apolipoprotein B-100 (5, 6). Antisense
oligonucleotides are short single-stranded synthetic ana-
logs of nucleic acids that bind specific mRNAs and thereby
prevent the synthesis of specific proteins. Mipomersen in-
hibits apolipoprotein B-100 synthesis in the liver, thereby
inhibiting the formation and secretion of apolipoprotein
B lipoproteins by the liver (5, 6). As expected, studies have
shown that mipomersen treatment results in a reduction
in serum cholesterol levels (5, 6). In this issue of the Jour
nal of Lipid Research, Visser et al. (7) show that adding mi-
pomersen (200 mg given subcutaneously weekly) to statin
therapy results in a further reduction in LDLc (-22%),
non-HDLc (-21%), Lp(a) (-19.6%), and apolipoprotein
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B (-20%). There was a suggestion of a reduction in VLDLc
and serum triglyceride levels but these changes did not
achieve statistical significance, perhaps because of the
small number of patients studied. HDLc and apolipopro-
tein A levels were not altered by mipomersen therapy.
These results are similar to what has been observed in
other studies using mipomersen (5, 6, 8).

Mipomersen thus appears to be a potentially useful
agent to lower apolipoprotein B-100 containing lipopro-
teins and could be used in combination with statin therapy
or alone in statin intolerant patients. However, a major
concern with therapeutic agents that inhibit hepatic VLDL
production is the development of fatty liver. Patients with
familial hypobetalipoproteinemia, a genetic disorder fre-
quently due to mutations in the apolipoprotein B gene
resulting in truncated forms of apolipoprotein B-100,
characteristically exhibit very low LDL cholesterol levels
and appear to be protected from cardiovascular disease
(9). However, many patients with familial hypobetalipo-
proteinemia have fatty livers, presumably due to the inabil-
ity of the liver to secrete triglyceride in VLDL particles (10,
11). Similarly, treatment with microsomal triglyceride
transfer protein inhibitors, which block the transfer of tri-
glyceride to apolipoprotein B-100 and thereby decrease
VLDL formation and secretion, also results in a marked
increase in hepatic triglyceride storage (12). Together,
these observations raise the possibility that the mipo-
mersen induced inhibition of apolipoprotein B-100 synthe-
sis might also result in the accumulation of triglyceride in
the liver.

The study by Visser et al. (7) determined the effect of 15
weeks of mipomersen treatment (200 mg subcutaneously
each week) on triglyceride accumulation in the liver. Pa-
tients included in this study had familial hypercholesterol-
emia and were already on statin therapy. The average age
of the patients was in the forties with an average BMI of 27.
Baseline LDLc levels were 1556 mg/dl, HDLc 47 mg/dl,
and triglycerides 102 mg/dl. Hepatic triglyceride levels
were measured by magnetic resonance spectroscopy at
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baseline and after 4 and 15 weeks of treatment. The au-
thors report that there was a trend toward an increase in
triglyceride accumulation in the liver of patients treated
with mipomersen compared with placebo treated controls
(75% increase that was not statistically significant) but
90% of patients remained within the normal range. Of
note is that the triglyceride accumulation appeared to in-
crease with the duration of treatment being greater at 15
weeks than at 4 weeks. One subject (10% of subjects) ex-
ceeded the upper limit of normal for triglyceride in the
liver but with extended follow-up off of mipomersen ther-
apy (35 weeks) the hepatic triglyceride content returned
to normal levels. In this study, there were no significant
changes or abnormalities in transaminase levels or other
tests of liver function. However, in other studies, increases
in serum tranaminases greater than three times the upper
limit of normal have been observed in a significant num-
ber of patients treated with mipomersen (ref. 28 of Visser
etal.).

Why inhibition of apolipoprotein B-100 synthesis does
not appear to result in marked accumulation of triglycer-
ide in the liver while inhibition of microsomal triglyceride
transfer protein leads to marked triglyceride accumulation
is unclear. Similar differences in effect of microsomal tri-
glyceride transfer protein inhibition and apolipoprotein
B-100 inhibition have also been observed in animal studies
(13, 14). Of note, inhibition of apolipoprotein B-100 syn-
thesis in rodents downregulated the expression of a number
of key genes involved in fatty acid and triglyceride metab-
olism including stearoyl-CoA desaturase 1, fatty acid bind-
ing protein 2, sterol regulatory element binding protein-lc,
and fatty acid synthase (14). This additional effect of in-
hibiting apolipoprotein B-100 synthesis could perhaps ex-
plain the differences in hepatic triglyceride accumulation.

Although the study of Visser et al. suggests that mipo-
mersen treatment does not result in a significant accumu-
lation of triglyceride in the liver, one needs to consider a
number of caveats. First, the number of patients studied
was very small. Second, the duration of the study was only
15 weeks and it is possible that longer studies will reveal
greater triglyceride accumulation in the liver. The maxi-
mal effect of mipomersen on serum lipids can take an ex-
tended period of treatment and the development of fatty
liver may follow a similar time course. Third, the patients
in this study were at low risk for the development of fatty
liver. If one had included patients with diabetes, obesity,
metabolic syndrome, hypertriglyceridemia, or heavy etha-
nol intake, who are at high risk for the development of
fatty liver, the effect of inhibiting apolipoprotein B-100
synthesis may have been more dramatic. Fourth, would
different dietary conditions, such as a high fat or high car-
bohydrate diet, potentiate the effects of apolipoprotein
B-100 inhibition on triglyceride accumulation in the liver?
Finally, would the effect of other disorders that lead to
fatty liver be potentiated in patients treated with mipo-
mersen? For example, sepsis frequently induces fatty liver
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and could simultaneous inhibition of apolipoprotein
B-100 synthesis worsen this effect (15).

In conclusion, the answer to the question does the inhi-
bition of apolipoprotein B synthesis produces foie gras is
not under the conditions studied. However, whether un-
der other circumstances fatty liver will become a clinical
problem with inhibition of apolipoprotein B synthesis re-
mains to be determined. Like many issues in science and
medicine, additional studies are required to definitively
answer this key question.

REFERENCES

1. Wiviott, S. D., and C. P. Cannon. 2006. The safety and efficacy of
achieving very low LDL-cholesterol concentrations with high dose
statin therapy. Curr. Opin. Lipidol. 17: 626-630.

2. Marks, D., M. Thorogood, H. A. Neil, and S. E. Humphries. 2003.
A review on the diagnosis, natural history, and treatment of familial
hypercholesterolaemia. Atherosclerosis. 168: 1-14.

3. LaRosa, J. C., S. M. Grundy, D. D. Waters, C. Shear, P. Barter, J. C.
Fruchart, A. M. Gotto, H. Greten, J. J. Kastelein, and J. Shepherd,
et al. 2005. Intensive lipid lowering with atorvastatin in patients
with stable coronary disease. N. Engl. J. Med. 352: 1425-1435.

4. Harper, C. R, and T. A. Jacobson. 2007. The broad spectrum of sta-
tin myopathy: from myalgia to rhabdomyolysis. Curr. Opin. Lipidol.
18: 401-408.

. Akdim, F., E. S. Stroes, and J. J. Kastelein. 2007. Antisense apoli-
poprotein B therapy: where do we stand? Curr. Opin. Lipidol. 18:
397-400.

6. Burnett, J. R. 2006. Drug evaluation: ISIS-301012, an antisense
oligonucleotide for the treatment of hypercholesterolemia. Curr.
Opin. Mol. Ther. 8: 461-467.

7. Visser, M. E., F. Akdim, D. L. Tribble, A. J. Nederveen, T. J. Kwoh,
J. J. Kastelein, M. D. Trip, and E. S. Stroes. 2009. Effect of apolipo-
protein-B synthesis inhibition on liver triglyceride content in patients
with familial hypercholesterolemia. J. Lipid Res. 51: 1057-1062.

8. Kastelein, J. J., M. K. Wedel, B. F. Baker, J. Su, J. D. Bradley, R. Z. Yu,
E. Chuang, M. J. Graham, and R. M. Crooke. 2006. Potent reduc-
tion of apolipoprotein B and low-density lipoprotein cholesterol by
short-term administration of an antisense inhibitor of apolipopro-
tein B. Circulation. 114: 1729-1735.

9. Schonfeld, G., X. Lin, and P. Yue. 2005. Familial hypobetalipo-

proteinemia: genetics and metabolism. Cell. Mol. Life Sci. 62:

1372-1378.

Tanoli, T., P. Yue, D. Yablonskiy, and G. Schonfeld. 2004. Fatty liver

in familial hypobetalipoproteinemia: roles of the APOB defects,

intra-abdominal adipose tissue, and insulin sensitivity. /. Lipid Res.

45: 941-947.

11. Sankatsing, R. R., S. W. Fouchier, S. de Haan, B. A. Hutten, E.
de Groot, J. J. Kastelein, and E. S. Stroes. 2005. Hepatic and car-
diovascular consequences of familial hypobetalipoproteinemia.
Arterioscler. Thromb. Vasc. Biol. 25: 1979-1984.

12. Cuchel, M., L. T. Bloedon, P. O. Szapary, D. M. Kolansky, M. L.
Wolfe, A. Sarkis, J. S. Millar, K. Ikewaki, E. S. Siegelman, and R. E.
Gregg, etal. 2007. Inhibition of microsomal triglyceride transfer pro-
tein in familial hypercholesterolemia. N. Engl. J. Med. 356: 148-156.

13. Chandler, C. E., D. E. Wilder, J. L. Pettini, Y. E. Savoy, S. F. Petras,
G. Chang, J. Vincent, and H. J. Harwood, Jr. 2003. CP-346086: an
MTP inhibitor that lowers plasma cholesterol and triglycerides in
experimental animals and in humans. J. Lipid Res. 44: 1887-1901.

14. Crooke, R. M., M. J. Graham, K. M. Lemonidis, C. P. Whipple, S.
Koo, and R. J. Perera. 2005. An apolipoprotein B antisense oligo-
nucleotide lowers LDL cholesterol in hyperlipidemic mice without
causing hepatic steatosis. J. Lipid Res. 46: 872—884.

15. Koskinas, J., I. P. Gomatos, D. G. Tiniakos, N. Memos, M. Boutsikou,
A. Garatzioti, A. Archimandritis, and A. Betrosian. 2008. Liver his-
tology in ICU patients dying from sepsis: a clinico-pathological
study. World J. Gastroenterol. 14: 1389-1393.

ot

10.

=}



	Does inhibition of apolipoprotein B synthesis produce foie gras?1
	References




