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Abstract

A number of gene therapy approaches have been developed for the treatment of genetic diseases, most of them based on the use of vi
vectors. However, in general, they have not been successful and some complications, such as immune reactions induced by adenovir
vectors or random integration of retroviral vectors, have been reported frequently. To overcome these limitations, novel strategies have
recently emerged. One of them is chimeraplasty, based on the correction of single-base mutations by mismatch repair mechanisms usin
chimeric RNA/DNA oligonucleotides, named chimeraplasts. Several papers have reported the use of this method to correct a number of
pathological mutations underlying different diseases. In Gaucher disease, the most prevalent spingoliposis, mutatioi-@. {4484R),
is one of the most common mutations in many populations. We have attempted to correct mutation c:T4#8€broblasts from a
Gaucher disease patient using a chimeraplast approach. Although we have shown that the chimeraplast reaches the fibroblast nucleus
colocalization with nuclear structures, no genomic correction was detected. To evaluate whether fibroblast and hepatocyte extracts are abl
to effect correction in vitro, we followed a cell-free extract assay u&saperichia coli cells. Our results show a very low efficiency (if
any) of chimeraplast correction. A growing number of negative results for chimeraplast experiments have recently been reported. This
promising technique has turned out to be inconsistent and impossible to replicate in most laboratories and many of the first successful result
are now being questioned. Our negative data are consistent with this criticism.
© 2003 Elsevier Inc. All rights reserved.
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Introduction rection of single-base mutations by mismatch repair mech-
anisms using chimeric RNA/DNA oligonucleotides named
Current gene therapy approaches for the treatment ofchimeraplasts [1]. Several papers reported the use of this
genetic diseases are based on the introduction into a cell ofmethod to correct a number of pathological mutations un-
an intact copy of a gene that should supply the function not derlying diseases such as sickle-cell anemia [1], hemophilia
performed by the endogenous mutated gene. The therapeuB [2], or Crigler-Naijar syndrome [3].
tic gene is usually delivered using viral vectors. However, However, this promising technique turned out to be
immune reactions induced by adenoviral vectors and ran-inconsistent and impossible to replicate in most labora-
dom integration of retroviral vectors have produced several tories, as recently pointed out by Taubes [4]. He claimed
complications. To overcome these limitations, novel strate- that the difficulties of publishing negative results helped
gies have recently emerged. One of them consists of cor-the first few positive results, most of which were from the
same laboratory or from related groups, to remain un-
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Spain. Fax:+34-93-411-0969. recessively inherited lysosomal storage disorder character-
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Fig. 1. Cytofectin-mediated internalization of a corrector chimeraplast into the nucleus of primary fibroblasts from a Gaucher disease patient. (A) Upper panel,
bright field image of afibroblast cell; middle panel, DAPI staining of the nucleus; lower panel, FITC-labeled chimeraplast. (B) The comparison between DAPI
staining of fibroblast cells (upper panel) and FITC-labeled chimeraplasts (lower panel) shows that the nuclear uptake of chimeraplasts is highly efficient.

deficient activity of glucocerebrosidase (p-glucosyl acyl-
sphingosine glucohydrolase, EC 3.2.1.45). It is mainly
caused by mutations in the gene encoding glucocerebrosi-
dase (GBA), located on 1g21. The severe mutation
€.1448C->T (L444P), associated with a neurological phe-
notype, is one of the most common mutations in most
non-Ashkenazi Jewish populations studied. Here we report
an attempt to correct mutation ¢.1448C->T in fibroblasts
from a Gaucher disease patient who was homozygous for
this mutation, using a chimeraplast approach.

Results and discussion

The sequence of the 68-mer chimeraplast designed to cor-
rect the ¢.1448C->T mutation was 5'-AGAAGAACGACCT-
GGACGCAGTGGCTTTTgccacugeguCCA GGucguucuucuG-
CGCGTTTTCGCGC-3' (synthesized by Cruachem Ltd.,
Glasgow, UK), where lower case indicates 2'-O-methyl ribo-
nucleosides and upper case corresponds to DNA. To study the
uptake and nuclear localization of the chimeric oligonucleotide
in the fibroblasts, a 5’ fluorescein isothiocyanate (FITC)-con-
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taining chimeraplast was used. Patient fibroblasts were cul-
tured on glass coverdips in a 6-well plate, in MEM medium
(Gibco-BRL) containing 100 U/ml penicillin/streptomycin
(Life Technologies, Gaithersburg, MD), and 10% fetal calf
serum (FCS) at 37 °C and 5% CO,. For lipoplex-mediated
chimeraplast transfection, the cells were grown a 60—70%
confluency. Prior to transfection, the medium from the cdls
was replaced with 400 ul of fresh MEM medium. A 100-ul
MEM solution with Cytofectin GSV™ lipoplexes (25 wg/ml,
Glen Research) and chimeragplast (1.25 uM) was added drop-
wise to the cells. Subsequently, the plates were centrifuged for
5 min at 280g and returned to the CO, incubator. Four hours
after transfection, the wells were filled with 500 wl/each of
serum-containing medium and incubated for 24 h at 37 °C and
5% CO,. To increase chimeraplast uptake into the cdl nuclei,
the lipofection was performed in the presence of 8 ug/ml
polybrene [5]. For microscope examination, the cells were
washed twice in PBS and fixed for 5 min in 4% paraforma-
dehyde a RT, and the nucleus was stained with DAPI (Sigma)
1:200 in PBSfor 15 min a RT. The coverdips were mounted
in water-soluble glycerolgelatin mounting medium and studied
under a fluorescence microscope. To quantify the extent of
correction, genomic DNA was isolated from the transfected
fibroblasts. A PCR amplification of a249-bp DNA fragment of
the GBA gene containing the ¢.1448C->T mutation was
performed, and the presence of the corrected alde was tested
by Ncil redriction anaysis (forward primer: 5'-TATGACT-
TAAGCCGGGAGAGCCAGGGCAGAGCCTC-3', reverse
primer: 5'-TTTAGCACGACCACAACAGC-3'). The muta
tion creates a Ncil Site, and a second Ncil site was introduced
in the forward primer as an internal control of digestion.

The colocdization of chimeraplasts with nuclear structures
(Fig. 1) confirmed that the DNA/RNA oligonucleotide reached
the cell nucleus. However, PCR-RFLP (Fig. 2) did not detect
any wild-type band, indicative of correction, in the patient
transfected fibroblasts. The lowest ratio of WT/mutant allele
detected was 3%, when the method sengitivity was tested (not
shown). Thus, these results indicate that either there is no
correction or the level of correction is below 3%.

These negative results prompted us to evaluate whether
fibroblast extracts effect correction in vitro, following the
cell-free extract assay described by Cole-Strauss et a. [6].
Results on the use of chimeraplasts on fibroblasts are scarce
and controversial. Tran et a. [7] have recently shown alow,
although detectable, level of correction in rodent fibroblasts
only if the mutation was present in a plasmid but not in a
cell chromosome. However, Thorpe et a. [8,9] failed to find
any correction of an episomal mutation in COS7, a monkey
kidney fibroblast cell line. Finally, Gamper et al. [10] re-
ported a successful in vitro correction using extracts from
mouse embryonic fibroblasts, with an approach similar to
the one we describe here [6].

The cell-free extract system is based on the correction of
a mutant kanamycin resistance gene contained in a plasmid
(pK°m4021). The corrector chimeraplast (Kan4021C) and
the plasmid are incubated together with a mammalian cell-
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Fig. 2. Ncil restriction analysis of PCR products from genomic DNA of
fibroblasts transfected (and nontransfected) with a ¢.1448C->T corrector
chimeraplast. Lane 1: molecular weight marker (X174 Haelll); lane 2:
undigested amplicon (249 bp); lane 3: +/+ amplicon digested with Ncil
(237 bp); lane 4: +/c.1448C->T amplicon digested with Ncil; lane 5:
€.1448C->T/c.1448C->T amplicon digested with Ncil (188 bp); lanes 6
and 7: Ncil-digested amplicons from chimeraplast-transfected ¢.1448C-
>T/c.1448C->T fibroblasts (independent experiments).

free extract. The ratio of kanamycin/ampicillin resistant
colonies after transformation of Escherichia coli cells is
indicative of the level of correction. Cell-free extracts from
hepatocytes were reported to correct efficiently [6]. Thus,
extracts from the human hepatoma cell line HepG2 were
used as control. The pK3m4021 plasmid was kindly pro-
vided by Dr. E. Kmiec (University of Delaware, Newark,
DE, USA) and the Kan4021C chimeraplast and HepG2 cells
by Dr. Josep Aran (Centre de Genetica Médicai Molecular,
Ingtitut de Recerca Oncologica). Cell-free extracts were
prepared as described [6]. We obtained negative results for
both the hepatocyte and the fibroblast cell extracts. Nine
independent experiments with varying amounts of hepato-
cyte protein extract (10 to 50 wg) were performed. The few
kanamycin resistant colonies found (1-5 out of
1000-70,000) were not the result of chimeraplast correc-
tion, asthey bore no plasmid. These results show avery low
efficiency (if any) of chimeraplast correction, consistent
with the growing number of negative results recently re-
ported [4], which increase skepticism and question the va-
lidity of reports of the success of this technique.
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