commentary

Prelamin A prenylation and the treatment of progeria’
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Hutchinson-Gilford progeria syndrome (HGPS) is a
rare, sporadic, autosomal dominant disease with pheno-
typic features of premature aging (1). It is caused by de
novo mutations in LMNA that encodes the A-type nu-
clear lamins, intermediate filament proteins that are
components of the nuclear lamina (2, 3). Besides HGPS,
a spectrum of diseases sometimes referred to as “lamin-
opathies,” which include cardiomyopathy, muscular dys-
trophy, partial lipodystrophy, peripheral neuropathy,
and variant progeroid syndromes, result from mutations
in LMNA (4).

The major A-type lamin isoforms, lamin A and lamin C,
are expressed in most differentiated somatic cells and arise
by alternative splicing of LMNA premRNA (5). Lamin A is
synthesized as a precursor, prelamin A, which undergoes a
series of posttranslational chemical reactions (6, 7). A
CAAX (cysteine-aliphatic-aliphatic-any amino acid) motif
at the carboxyl-terminus of prelamin A triggers three se-
quential enzymatic reactions leading to farnesylation and
carboxymethylation of the cysteine (Fig. 1). The first reac-
tion, catalyzed by protein farnesyltransferase, is the addi-
tion of a farnesyl lipid to the cysteine. The next reaction is
the endoproteolytic cleavage of the —AAX, which in the
case of prelamin A, is catalyzed by RCE1 and ZMPSTE24.
The third reaction, catalyzed by isoprenylcysteine carboxyl
methyltransferase, is methylation of the farnesylated cysteine.
Prelamin A then undergoes a farnesylation-dependent cleav-
age catalyzed by ZMPSTE24, which leads to removal of a
15-amino acid farnesylated polypeptide from the carboxyl-
terminus. As a result, mature lamin A that is incorporated
into the nuclear lamina is no longer prenylated.

HGPS is caused by mutations in exon 11 of LMNA that
optimize an alternative RNA splice donor site resulting in
an in-frame deletion of 50 amino acids near the carboxyl-
terminus of prelamin A (2, 3). As the CAAX motif is re-
tained in the truncated protein, it undergoes the first
three reactions just like wild-type prelamin A (Fig. 1).
However, the second ZMPSTE24 cleavage site is lost as a
result of the deletion preventing further processing;
hence, progerin remains prenylated (Fig. 1).
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In 2002, Bergo et al. (8) and Pendas et al. (9) showed
that knocking out Zmpste24 in mice resulted in accumula-
tion of unprocessed, farnesylated prelamin A and a prog-
eroid phenotype. In 2004, Fong et al. (10) showed that the
progeroid phenotype of these mice was ameliorated by a
genetic reduction of unprocessed, farnesylated prelamin
A by crossing them to Lmna deficient mice. Progerin is a
truncated, permanently farnesylated variant of prelamin A
(Fig. 1). This led Stephen Young, Loren Fong and col-
leagues to hypothesize that, similar to unprocessed prelamin
A, progerin is responsible for the progeroid phenotype in
HGPS and that blocking its farnesylation would be benefi-
cial. To test this hypothesis, they generated knock in mice
with a targeted HGPS mutation, an animal model that re-
capitulates many of the phenotypic features of the human
disease (11, 12). They showed that treatment of fibroblasts
from these mice with a protein farnesyltransferase inhibitor
(FTT) reversed nuclear shape abnormalities seen in cells
from subjects with most laminopathies (11). They (13)
and others (14, 15) subsequently showed that FTI treat-
ment reversed the nuclear shape abnormalities in cultured
fibroblasts from human subjects with HGPS. Most impor-
tantly, the group of Young and Fong showed that systemic
treatment with an FTI significantly improved, albeit not
completely, the progeroid phenotypes of both HGPS
knock in and Zmpste24 knockout mice (12, 16). Two years
later, Capell etal. (17) reported that an FTI prevented loss
of vascular smooth muscle cells in the media of large arter-
ies in a BAC transgenic mouse that expresses progerin but
lacks any pathologic features of HGPS other than the vas-
cular abnormalities.

These laboratory studies raised the exciting possibility
that blocking progerin farnesylation could be a treatment
for children with HGPS. However, further work from the
group of Young and Fong raised a yellow flag when they
created an ingenious knock in model mouse that ex-
pressed only nonfarnesylated progerin. These mice, in
which the cysteine of the progerin CAAX motif was re-
placed by a serine, unexpectedly developed the same but

Abbreviations: CAAX, cysteine-aliphatic-aliphatic-any amino acid;
FTI, farnesyltransferase inhibitor; HGPS, Hutchinson-Gilford progeria
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Fig. 1. Posttranslational processing of wild-type prelamin A to
lamin A (left) and generation of progerin in HGPS (right). See
text for details. FT, protein fanesyltransferase; ICMT, isoprenyl-
cysteine carboxyl methyltransferase.

milder progeroid phenotypes as knock in mice expressing
farnesylated progerin (18). This finding had two important
implications. First, it suggested that FTIs might be acting
indirectly to improve the phenotypes in HGPS knock in
mice by blocking the activities of farnesylated proteins
other than progerin. Second, it raised concerns about the
overall utility of FTTs as potential treatment for the disease.

In the current issue of the /LR, Fong, Young, and col-
leagues present new data suggesting that the beneficial ef-
fects of an FTT in HGPS model mice likely result from
specifically blocking farnesylation of progerin (19). They
compared the ability of an FTT to improve the progeroid
phenotypes in knock in mice that expressed farnesylated
and nonfarnesylated progerin. FTT treatment significantly,
although not completely, improved the phenotype and
survival of the knock in mice expressing progerin. In con-
trast, the drug had no significant effect in mice expressing
nonfarnesylated progerin. These results suggest that the
beneficial effects of an FTI in HGPS model mice are due
to a direct effect of drug on progerin. This, of course, does
not mean that the FIT is only blocking farnesylation of
progerin (the authors even show inhibition of farnesyla-
tion of HDJ-2 in both mice). Therefore, FTT administra-
tion could still interfere with other farnesylation-dependent
protein functions that could have consequences other
than improvement of the progeroid phenotype.

Which leads to the second more than academic concern
about the overall utility of FTIs as potential treatment for
children with HGPS. Based largely on the pioneering re-
search of the Young and Fong group, a clinical trial of an
FTI has been initiated in the United States for children
with HGPS (20). Based on another study in Zmpste24
knockout mice (21), a combination of a statin and an
aminobisphosphonate, which can theoretically inhibit
protein prenylation but also have off-target effects, is be-
ing used in a similar clinical trial in Europe. But given the
results of Young and Fong (12, 18, 19), blocking progerin
prenylation will not likely completely reverse or totally halt
progression of the disease in children with HGPS. Even a
chemical modification of progerin that completely pre-
vents its farnesylation does not cure the disease in mice
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(18,19). Furthermore, it is unclear how long FTTs or other
drugs that interfere with protein prenylation, which may
have other effects as well, can be given safely to children
before significant adverse events occur. As with all pharma-
cological interventions, a risk-benefit assessment based
upon the data must be made. Regarding potential bene-
fits, the research published in this issue of the /LR (19)
shows that an FTI improves progeroid phenotypes and
survival in an animal mode of HGPS and strongly suggests
that the mechanism of action is by directly blocking farne-
sylation of the culprit target protein. However, the same
research highlights the potential limitations of blocking
progerin farnesylation to treat HGPS using drugs that may
have risks. A realistic and cautious approach to such treat-
ment is necessary, especially in discussing the issue with
patients, family members, and the lay press.H
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