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Knockdown of prion protein (PrP) by RNA interference weakens
the protective activity of wild-type PrP against copper ion and
antagonizes the cytotoxicity of fCJD-associated
PrP mutants in cultured cells
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Abstract. Development of the pathogenesis of transmissible
spongiform encephalopathies (TSEs) requires the presence of
both the normal host prion protein (PrP¢) and the abnormal
pathological proteinase-K resistant isoform (PrP5¢). Reduction
of PrP€ levels has been shown to extend survival time after
prion infection. In this report, based on analysis of the known
sequences of human PrP, we constructed two small interfering
RNA (siRNA) duplexes targeting the segments of amino acids
(aa) 108-114 (Ri2) and aa 171-177 (Ri3). Western blot analysis
results revealed that these PrP-specific siRNAs could effectively
knock down the levels of either endogenous PrP in human
neuroblastoma SHSY-5Y cells or recombinant PrP transfected
with the plasmid expressing the full-length human PrP in
human embryonic kidney (HEK) 293T cells. Meanwhile, the
two siRNAs also showed a significant effect on the reduction
of the expression of the PrP-PG9 and PrP-PG12 familial
Creutzfeldt-Jakob disease (CJD)-associated PrP mutants with
four and seven extra octarepeats, in the cells transfected with
the respective expression plasmids. MTT tests identified that
knockdown of wild-type PrP by Ri2 and Ri3 did not change
the cell growth capacities, but significantly decreased the cell
resistances against the challenge of Cu®". Co-expression of
Ri2 and Ri3 partially antagonized the cytotoxicity caused by
expressing PrP-PG9 and PrP-PG12 in the two cell lines.
Moreover, the rescuing effectiveness of PrP siRNAs was
time-related, with the more efficient antagonism of the
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cytotoxicity of fCIJD-associated PrP mutants occurring at the
early stages after transfection. The data shown here provide
useful clues for seeking potential therapeutic tools for prion
diseases.

Introduction

Prion diseases also known as transmissible spongiform
encephalopathies (TSEs) are a group of transmissible neuro-
degenerative disorders causing severe spongiform degeneration
and neuronal loss in the central nervous system (CNS) that
could spread though both human and animal contact, such as
Creutzfeldt-Jakob disease (CJD) in human, scrapie in sheep
and goat, and bovine spongiform encephalopathy (BSE) in
cattle (1,2). The commonly accepted view is that the central
event in the pathogenesis is the conversion of a host-derived
cellular prion protein (PrP€) to an infectious isoform called
disease-associated scrapie prion protein (PrP5), which is the
insoluble, misfolded and proteinase K (PK)-resistant form
accumulating in the CNS (3-6). Propagation and accumulation
of infectious PrP have always been thought to be tightly linked
to the pathogenesis of prion disease. Host PrP¢ is essential for
prion propagation and pathogenesis, since no prion replication
occurs in mice devoid of PrP€.

Prion disease is fatal without available specific therapeutic
methodology. Because serious damage to the brain has already
occurred before clinical symptoms manifest, potential treatments
for prion disease so far have aimed not to cure the disease, but
to slow disease progression (7). Considering the important
role of PrP in prion disease, two basic therapeutic strategies
have been adopted: reduction of PrP€ levels and prevention of
the conversion from PrP€ to PrP5 (8). It has been demonstrated
that mice devoid of PrP¢ are resistant to scrapie and fail to
propagate prions and that the re-introduction of the PrP-encoding
gene restores susceptibility to the disease. These findings
highlight that the establishment of prion disease-resistance by
knocking down the PrP gene using RNA interference (RNA1i)
technology will be a potential therapeutic tool for prion disease
(9-12).
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RNAI is an evolutionarily highly conserved, sequence-
specific post-transcriptional gene-silencing mechanism,
whereby small interfering RNA (siRNA) targets homologous
mRNA for degradation (13). siRNAs are generated from
endogenous or exogenous double-stranded RNAs (dsRNAs)
by the dsRNA endonuclease, dicer; subsequently, siRNA
activates the RNA-induced silencing complex, RISC, to degrade
the target mRNAs (14). A single administration of lentivirus
expressing a short hairpin RNA (shRNA) targeting PrP into
the hippocampus of mice with established prion disease
significantly prolonged survival time (15). Lentiviral-mediated
RNAI of PrP also prevented the onset of behavioral deficits
associated with early prion disease, reduced spongiform
degeneration, and protected against neuronal loss (16). Intro-
duction of siRNAs targeting the PrP gene transcripts suppressed
PrP% formation and ultimately eliminated PrP5 from prion-
infected cell lines (17).

PrPC is believed to be able to act as a copper ion buffer
protecting cells from damage of the unfixed Cu?* (18,19).
Neurons containing PrP are more resistant to copper toxicity
than cells lacking PrP (20). Some sorts of PrP knockout mice
show extensive oxidative damage that is not present in wild-
types (21-23). On the other hand, familial CJD (fCJD)-associated
PrP mutants, including point-mutations and octarepeat
insertions, reveal obvious cytotoxicity (24), even induce
experimental TSEs in transgenic mice (25). To get insight into
the physiological activity of PrP® and seek potential inter-
ference on the cytotoxicity, even pathogenesis induced by
fCJD-associated PrP mutants, two PrP specific siRNAs were
synthesized and their abilities to knockdown either endogenous
or exogenous PrP levels in cultured cells were confirmed. In
the presence of PrP specific siRNAs, the protective effect of
wild-type PrP against Cu**-induced cytotoxicity were decreased,
while the cytotoxicities caused by gCJD mutated PrPs were
reversed.

Materials and methods

Plasmid construction. To construct the recombinant plasmids
expressing siRNA, the siLent Gene™ U6 Cassette RNA
Interference system (Promega, USA) was used. Based on the
analyses of the known sequences of human PrP available on
the internet (Ambion, USA), two conservative motifs were
identified as the potential targeting areas for PrP-specific
siRNAs: 5'-"AACATGAAGCACATGGCTGGT-3', (nt GATC
CAACATGAAGCACATGGCTGGTTTCAAGAGAACCAG
CCATGTGCTTCATGTTTTTTGGAAA) and 5-AACCAG
AACAACTTTGTGCAC-3', (nt GATCCGCCAGAACAACT
TTGTGCACTTCAAGAGAGTGCACAAAGTTGTTC
TGGTTTTTTGGAAA), with BamHI and HindIII restriction
sites at each terminus. The sequences transcribing the PrP
siRNAs were chemically synthesized (Sangon, Shanghai,
China) as a 21 bp-long inverse repeat separated by a 9 bp loop
for each sequence. After denaturing and annealing at room
temperature, the complementary double-strand sequences
were inserted into the downstream region of the U6 promoter
within the vector pSilence2.1, generating the plasmids, pPrP-
Ri2 and pPrP-Ri3. The plasmids, pcDNA3.1-PrP-PG5
expressing the full-length wild-type (WT) human PrP (aa
1-253) with 5 octarepeats (PG5) (26), pcDNA3.1-PrP-PG9

WANG et al: PrP siRNAs AND BIOLOGICAL FEATURES OF WILD-TYPE AND fCID-ASSOCIATED MUTANT PrPs

expressing the human PrP with 4 extra octarepeats (PG9) and
the pcDNA3.1-PrP-PG12 with 7 extra octarepeats had been
previously generated (27).

Cell culture and transfection. The human neuroblastoma
SHSY-5Y cells with detectable endogenous PrP protein and
the human embryonic kidney (HEK) 293T cells without
detectable endogenous PrP protein were maintained in
Dulbecco's modified Eagle's medium (DMEM, Gibco-BRL,
USA) supplemented with 10% (v/v) fetal cattle serum (FCS).
Cells at the logarithmic growth phase were plated into 6-well
plates (Falcon, USA) 24 h before transfection. Plasmid DNA
(2 ug each) was transiently transfected with Fugene™ reagent
(Roche, Switzerland), according to the manufacturer's
instructions. Forty-eight hours after transfection, cells were
harvested and employed in further experiments.

Cell viability assays. The cultured cells at the logarithmic
growth phase were trypsinized and seeded on a 96-well plate
at a concentration of 10* cells/well and transiently transfected
with individual recombinant plasmids by the Fugene™ reagent.
Twelve hours post-transfection, the transfected cells were
challenged with 60 pM Cu** for 12 h or 5 mM H,0, for 5 min
or 10 uM colchicine for 12 h. Afterwards, the culture medium
was changed with regular DMEM medium and the cell
viability was determined with an MTT assay by assessing the
conversion of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT, Sigma, USA) to a formazan product.
The reaction was terminated by removal of the supernatant
and addition of 200 1 DMSO/well to dissolve the formazan
product. Absorbance was measured at 492 nm in a spectro-
photometer. Each assay was performed in duplicates of at
least four wells.

Western blot analyses. The cellular lysates were separated by
12% SDS-PAGE and electrotransferred onto nitrocellulose
membranes. After blocking with 5% nonfat-dried milk in
PBST (phosphate-buffered saline, pH 7.6, containing 0.05%
Tween-20) for 1 h at room temperature, the membranes were
incubated with 1:4,000 PrP-specific monoclonal antibody
(mAb) 3F4 (Dako, Denmark), 1:2,000 diluted mAb anti-
human p-actin (Santa Cruz Biotechnology, USA) for 2 h at
room temperature, and then incubated with 1:10,000 diluted
horseradish peroxidase (HP)-conjugated anti-mouse IgG
(Santa Cruz Biotechnology). The specific signals were
visualized by the ECL kit (PE Applied Biosystems, Foster
City, USA).

Statistical analyses. Quantitative analysis of immunoblotting
images was carried out using the computer-assisted software
Image Total Tech (GE Healthcare, USA). The values of each
target blot were evaluated. All data are presented as the
mean + SD. Statistical analysis was performed using the t-test.
Probabilities of <0.05 were considered to indicate statistical
significance. Statistical analysis of the MTT assay was performed
using the SPSS (version 17.0) and the data are presented as
mean + SD. One-way ANOVA was used to compare the
differences in the OD 492 values between the transfected and
the vector control groups. A P-value <0.05 was considered to
indicate statistical significance.



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 28: 413-421, 2011

415

A 1 23 51 106 126 P1 253
e [ (][] | | I | [
108 114
AACATGAAGCACATGGCTGGT
aTe cwc TEGE cf"wr' 17 fj'm"-ﬁ- T 1
|
| * 1 lﬁ 1 1)
| ' I i |||I i g
i ” T w! i
.. i /| \ I
l '; 5 (v I | |-|| J“' .-'|i|. i || lllh 1 .5‘
RIN A2 RITAI3
B SHSY-5Y 293T
S S & S
% i . i g \S i 3 2 ;
& e e & 9 S e
H—" — — e — PP
“-q-- — — — ——

Figure 1. Knockdown of the expression levels of cellular PrPs by two PrP-specific siRNAs. (A) The targeting sites and sequences of PrP-specific siRNAs Ri2
and Ri3. The upper part is the diagram of the full-length human PrP (aa 1-253), with the N-terminal signal peptide, five octarepeats, two B-sheets, three
a-helixes and the C-terminal GPI anchor. The lower part shows the nucleotide sequences and the individual targeting regions in PrP of Ri2 and Ri3. (B) The
inhibiting effects of Ri2 and Ri3 on the expression of endogenous PrP in SHSY-5Y cells (left panel) or recombinant PrP transfected with a plasmid expressing
full-length WT human PrP in 293T cells (right panel) by a PrP-specific Western blot analysis. Various transfected RNAi plasmids are showed on the top and

the specific signals of the proteins are indicated on the right.

Results

Inhibition of the expression of endogenous PrP in SHSY-5Y
cells and transfected PrP in 293T cells. To generate human
PrP-specific siRNA, two 21 bp-long sequences were synthesized,
which targeted the hydrophobic region (aa 108-114, Ri2) and
the second a-helix (aa 171-177, Ri3), respectively (Fig. 1A).
Meanwhile, two 21-bp segments with same compositions of
nucleosides as Ri2 or Ri3, but with randomly arrayed sequences,
were synthesized, and named Ri2null and Ri3null, respectively.
Individual double-stranded segments were inserted into the
vector pSilence2.1, generating respective transcribing plasmids.

To evaluate the inhibitory effects of the constructed
PrP-specific siRNA plasmids on the expression of endogenous
PrP, various plasmids were transiently transfected into SHSY-5Y
cells. Western blot analyses showed weaker PrP signals in the
preparations receiving the plasmids transcribing Ri2 (Fig. 1B,
left panel, lane 3) and Ri3 (lane 5), compared with that of the
cells receiving the vector (lane 1), whereas the intensities of
PrP signals in the cells expressing Ri2null (lane 2) and Ri3null
(lane 4) remained almost unchanged. To evaluate the influences
of the PrP-specific siRNA on the expressing levels of the
recombinant PrP in cells, 293T cells were co-transfected with
pcDNA3.1-PG5 expressing WT human full-length PrP and
the PrP-specific siRNA plasmids. As expected, a PrP-specific
immunoblot revealed a weak PrP-signal in the preparation of
Ri2 (Fig. 1B, right panel, lane 3) and almost no signal in that
of Ri3 (lane 5), while the PrP signals in the Ri2null and

Ri3null preparations remained unchanged (lanes 2 and 4).
The results indicate that both PrP-specific siRNAs, Ri2 and
Ri3, can significantly inhibit the expression of both endogenous
PrP in SHSY-5Y cells and of transfected PrP in 293T cells.

To assess the inhibitory capacities of PrP-specific siRNAs
on the expression of cellular PrP, different amounts of siRNA
expressing plasmids (0, 0.25, 0.5 and 1 ug) were transfected
into SHSY-5Y cells or co-transfected into 293T cells together
with 1 ug pcDNA3.1-PGS. Forty-eight hours post-transfection,
the cells were harvested and the levels of cellular PrP were
tested by Western blot analyses. The results demonstrate that
in both cell lines, the signal intensities of cellular PrP gradually
decreased along with increases of the transfected siRNA
plasmids (Fig. 2A), showing a dose-dependent alteration.
Quantitative measures of the gray value of each immunoblot
vs. that of B-actin showed the similar repressive tendencies of
siRNAs, Ri2 and Ri3 on the expression of cellular PrP in
those two cell lines, while Ri3 seemed to have relatively
stronger repression effectiveness on the expression of PrP in
SHSY-5Y cells than Ri2 (Fig. 2B).

Expression of PrP-specific siRNA reduces the cell protective
activity of wild-type human PrP against the challenge of
copper. Cellular PrP€ has shown a protective function on the
cytotoxicity induced by some chemical elements, such as Cu?*
(28). To evaluate the potential influence of PrP-specific
siRNAs on cell growth, plasmids expressing Ri2 and Ri3
were separately introduced into SHSY-5Y cells or co-transfected
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Figure 2. The interfering efficacy assays of two siRNAs on the levels of PrP in 293T and SHSY-5Y cells. (A) Western blot analyses. Different amounts of
siRNA expressing plasmids (0, 0.25,0.5 and 1 pg) were transfected into SHSY-5Y cells or co-transfected together with 1 g pcDNA3.1-PG5 into the 293T or
SHSY-5Y cell lines. Cells were harvested 48 h post-transfection. (B) Quantitative measures of the gray value of each immunoblot vs. that of -actin.
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Figure 3. MTT assays for the inhibition of the siRNAs on the protective activities of cellular PrP€ against the challenge of Cu**. Cells were treated with 60 M
of Cu? at 12 h (left panel) or 24 h (right panel) post-transfection and MTT tests were performed 12 h after Cu?* challenge. (A) 293T cells. (B) SHSY-5Y cells.
The average data of each preparation was calculated based on three independent experiments and are represented as the mean + SD. “Statistical difference
(P<0.05) compared with the data of the respective Ri-null; “statistical difference (P<0.05) compared with the data of the mock control.



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 28: 413-421, 2011

PG9

“ & _
& e e

e

293T

PG

& e

- ——— -

417

PG12

Q&‘J\g‘ @G&an Qg’&@

--_' PP

e

PGl2

e

-
B

S
& S

Figure 4. The inhibitory effects of Ri2 and Ri3 on the expression of recombinant PrP mutants in the cultured cells expressing insertional mutated human
PrP-PG9 (left panel) and -PG12 (right panel) by PrP-specific Western blot analyses. (A) 293T cells. (B) SHSY-5Y cells. Various transfected RNAi plasmids
are shown on the top and the specific signals of the proteins are indicated on the right.

into 293T cells together with pcDNA3.1-PG5. MTT assays did
not reveal a significant difference in the cell viabilities between
the cells expressing the PrP-specific siRNAs and those not in
either of the two cell lines examined (data not shown). To
evaluate whether knockdown of cellular PrP can change the
cytotoxicity of copper, cultured cells were treated with 60 M
Cu* at 12 (Fig. 3, left panel) or 24 h (Fig. 3, right panel) post-
transfection and MTT tests were performed 12 h after Cu?*
challenge. In 293T cells transfected with pcDNA3.1-PG5
beforehand, co-transfections of Ri2 and Ri3 expressing
plasmids resulted in reductions of cell viabilities, whereas
co-transfections of Ri2null- and Ri3null-expressing plasmids
did not affect the cell viabilities compared with that of cells
co-transfected with blank vector or mock preparation (Fig. 3A).
In SHSY-5Y cells with endogenous PrP, transfection of
PrP-specific siRNA expressing plasmids did not result in a
reduction of cell viabilities 12 h post-challenge, however,
transfection of Ri3 expressing plasmid led to a significantly
lower cell viability (Fig. 3B). To address whether knockdown
of cellular PrP influences the cytotoxicities induced by other
chemicals, cells were challenged with different amounts of
H,0, or colchicine, a microtubule-disrupting agent. No
differences in cell viabilities between the groups receiving
plasmids expressing PrP siRNAs and that of controls were
seen (data not shown). The results suggest that the presence of
PrP-specific siRNAs reduces the protective activity of cellular
PrP against the challenge of copper.

Expression of PrP-specific siRNA partially antagonizes the
cytotoxicity of fCID-associated PrP mutants. Our previous
studies have confirmed that expression of some familial CJD
(fCJD)-associated PrP mutants with extra octarepeats can
induce cytotoxicities in vitro (29). Prior to evaluation of the
possible reversing effects of PrP siRNAs on the cytotoxicity
induced by fCJD mutants, the inhibition of PrP siRNAs on the
expression of the PrP mutants in the cells transfected with

PrP-PG9 and PrP-PG12 were assessed by Western blot analyses.
Both Ri2 and Ri3 showed obvious repressive effects on the
expression of PrP-PG9 and PrP-PG12 in SHSY-5Y and 293T
cells (Fig. 4). Transfection of Ri3null did not change the
expression levels of PrP-PG9 and PrP-PG12, while transfection
of Ri2null, slightly but clearly repressed the expression levels
of these two PrP mutants (Fig. 4).

SHSY-5Y and 293T cells were transiently transfected with
plasmids expressing PrP-PGS5, -PG9 and -PG12. As expected,
the MTT assay showed clear reductions in the cell viabilities
of the cells expressing PrP-PG9 and PrP-PG12 compared with
those expressing PrP-PG5 and those transfected with blank
vector, with an average 17% reduction in the preparation of
PrP-PG9 and a 21% reduction in that of PrP-PG12 (data not
shown). To evaluate the effects of PrP siRNAs on the cyto-
toxicity of PrP mutants, both cell lines were co-transfected
with PrP-PG9 or PrP-PG12, together with various PrP siRNA
constructs, and the cell viability was measured by the MTT
assay 12 and 24 h after transfection. Co-expressions of Ri2
and Ri3 resulted in significantly higher cell viabilities in 293T
cells expressing PrP-PG12 at 12 and at 24 h post-transfection,
as well as at 12 h post-transfection in those cells expressing
PrP-PG9, whereas co-expressions of Ri2null and Ri3null did
not induce a change (Fig. SA). Higher OD values were
observed in all experimental cells expressing PrP-PG9 24 h
post-transfection, but without significant differences in the
OD values among the various groups (Fig. 5A). Similar
alterations in the cell viabilities were also observed in the cell
line SHSY-5Y, in that both Ri2 and Ri3 increased the cell
viability in the cells expressing PrP-PG9 and PrP-PG12 12 h
after transfection, while only Ri3 increased the cell viability
in the cells expressing PrP-PG9 and PrP-PG12 24 h after
transfection (Fig. 5B). The data imply that PrP-specific
siRNAs are able to partially antagonize the cytotoxicities
induced by the transient expression of fCJD-associated PrP
mutants.
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Figure 5. MTT assays for the antagonizing effects of Ri2 and Ri3 on the cytotoxicity induced by PrP-PG9 or PrP-PG12. Cells were co-transfected with PrP-
PG9 or PrP-PG12, together with various PrP siRNA constructs. The cell viability was measured by MTT assays 12 h (left panel) and 24 h (right panel) after
transfection. (A) 293T cells. (B) SHSY-5Y cells. The average data of each preparation is calculated based on three independent experiments and represented
as the mean + SD. “Statistical difference (P<0.05) compared with the data of the respective Ri-null; “statistical difference (P<0.05) compared with the data of

the mock control.

Expression of PrP-specific siRNA restores the cytotoxicity =~ siRNAs on the cytotoxicity caused by the expression of PrP
induced by the expression of fCJD-associated PrP mutants.  mutants beforehand, cells received PrP-PG9 and PrP-PGI12
To assess the effectiveness of the expressions of PrP-specific ~ expressing plasmids for 0, 6 and 12 h were transfected with
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Cell viability was measured by MTT assays 12 h after transfection of plasmids expressing PrP-specific siRNAs. (A) 293T cells. (B) SHSY-5Y cells. The
average data of each preparation is calculated based on three independent experiments.

the plasmids expressing PrP-specific siRNAs and maintained
for an additional 12 h. The MTT assays showed that the OD
values of 293T cells expressing PrP-PG9 and PrP-PGI12
decreased along with the maintaining times. Compared with
that of mock, the viabilities of the cells transfected with blank
vector, Ri2null and Ri3null for 0, 6 and 12 h remained at
comparably low levels (Fig. 6). In contrast, significantly higher
OD values were observed in the cells expressing PrP-PG9 or
PrP-PG12 for 0 and 6 h beforehand and subsequently transfected
with Ri2 and Ri3, as well as that expressing PrP-PG12 for 12 h
beforehand and subsequently transfected with Ri3 (Fig. 6).
This highlights that the expression of PrP-specific siRNAs is
able to restore the cytotoxicity induced by the presence of PrP
mutants in advance. Compared with the observations in the
cells expressing PrP-PG9 or PrP-PG12 for 6 h, the restoring
abilities of Ri2 and Ri3 were remarkably higher than that
expressing PrP-PG9 or PrP-PGI12 for 12 h. These results
suggest that the more efficient influences of PrP-specific
siRNAs on the cytotoxicity of PrP mutants may occur at the
early stage.

Discussion

Two human PrP-specific siRNAs have been constructed in
this study, which show efficient inhibition of the expression of
either endogenous or exogenous PrP in the cultured cell lines.
The targeting sites of these siRNAs are located at aa 108-114
(Ri2) and aa 171-177 (Ri3), respectively. Introduction of these
siRNAs into cells did not induce a detectable influence on cell
growth. However, expression of PrP siRNAs obviously reduced
the cell protective activity of wild-type PrP against the
challenge of copper and partially antagonized the cytotoxicity
of fCJD-associated PrP mutants.

PrPC€ can act as a copper ion buffer protecting cells from
the effects of uncomplexed Cu** (30). Comparison between
normal and PrP knockout mice has identified an extensive
oxidative damage in knockout mice, but not in normal ones
(31). Cu* induces cell apoptosis via multiple pathways,

including damaging the structure of cell microtubules (32).
Knockdown of the endogenous PrP€ in SHSY-5Y cells or of
the exogenously-induced wild-type PrP in 293T cells, by
PrP-specific siRNAs in this report clearly reduced the resistance
of the cells against the challenge of copper, indicating again
that cellular PrP€ is involved in not only the metabolism of
copper, but also in the elimination of the side-effects of
excessive Cu?*, so that neurons having wild-type PrP may be
more resistant to copper toxicity than those lacking the protein
(20,33,34). In fact, based on hybrid DFT/DFT calculations
different geometries and energetics of copper ion attachment
to the PrP have been proposed according to different copper
concentrations. At low concentrations, copper ion is bound to
four histidine imidazole groups, whereas at higher concen-
trations, two histidine imidazoles, one of them in an axial
position, coordinate the copper. Evaluation of the interplay
between the number of bound ions and the binding strength
has suggested that when enough copper is available, the
binding site(s) will spontaneously be rearranged in order to
accommodate more copper ions with a net energy gain, despite
the fact that the binding strength per copper ion decreases
with the number of ions per PrP. The strong affinity for copper
and the multiplicity of concentration-dependent copper binding
sites supports the suggested copper buffering role of the PrP,
as a storage place for excessive Cu?* and protection of other
proteins from the effects of uncomplexed copper (35).

The known fCJD-associated mutations are either point
mutations located primarily at the C-terminal domain, or
insertions of 1 to 9, 12 or more extra octarepeats, resulting in
the expansion of the N-terminal domain. Transgenic mice
expressing insert mutants of PrP develop prion disease with
accumulation of detergent-insoluble, protease-resistant PrP in
the brain. When expressed in cell lines, PrP with additional
repeats displays detergent insolubility, resistance to proteinase K
digestion similar to PrP5, and alters cell surface expression
and hinders export to the cell surface, leading to obvious
cytotoxicity (24,36). The significant antagonizing activity of
PrP-specific siRNAs on the octarepeats insertion-induced
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cytotoxicity illustrates not only the molecular mechanism of
the mutants, but also the potential to use those siRNAs for
eliminating the relevant neurotoxicity.

The onset time and progression of the fCJD with octarepeat
expansion is associated with the numbers of inserts (37). Our
previous studies have also revealed that the cytotoxicity is
closely related with the numbers of the octarepeats (24,38).
More intensive cytotoxicity, regardless of reducing level or
persistent time, has also been observed in the preparation of
PrP-PGI12 than in that of PrP-PG9 in this study. This may
explain the observations that the rescuing activities of two
PrP-specific siRNAs on PrP-PG12-induced cytotoxicity are
relatively stronger than that of the PrP-PG9-induced one. This
phenomenon may relate with the more active cytotoxicity of
PrP-PG12. We have also noticed that the rescuing capacities
of PrP-specific siRNAs are related with their administrating
times; that the earlier the siRNAs are applied into the cells,
the more efficient their interferences are. This further suggests
that PrP-specific siRNAs can efficiently block the cytotoxicity
caused by expressing PrP mutants de novo or slow the cyto-
toxicity contributed by constantly expressing PrP mutants, but
have little effect on the already occurred cytotoxicity.

Under our experimental conditions, PrP-specific siRNA
Ri3 repeatedly showed more active interference in either the
protection of wild-type PrP against copper or the cytotoxicity
of the PrP mutants with the extra octarepeats compared to
Ri2. Both siRNAs target 18 nucleotides of PrP mRNA. The
targeting sequence of Ri2 is located at aa 108-114 that is at the
center of PrP106-126, and that of Ri3 is located at aa 171-177
covering the N-terminus of the second a-helix. Our data
illustrate that Ri3 has stronger inhibitory effects on the PrP
expression in both tested cell lines compared to Ri2, which
may contribute to the functional differences of two siRNAs.

Although several anti-prion compounds have been reported
to be effective in cell culture, no pharmaceutical treatment for
TSEs is yet available (8,39). There is great hope that novel
therapeutical tools, including gene-based therapies, will be
developed. Studies of RNAi-based therapies for neurodegen-
erative disorders are currently based on transgenic animal
models that express disease-causing genes, e.g. polyglutamine
induced neurodegeneration (40,41) and Alzheimer's disease
(42). This is quite different from a realistic therapeutic setting
in humans, in which the siRNA can reduce the expression of
both the diseased and normal allele, leading to unwanted side
effects. Certainly, some unsolved problems, e.g. the potential
activation of the innate immune system of dsRNAs, inhibition
of non-target genes and saturation of RNAi machinery, still
hamper the usage of the RNAi-based tool (43). In addition,
safe and efficient delivery system for dsRNAs is in high
demand. Studies on PrP-specific siRNAs will provide a useful
tool for understanding the pathogenesis of prion disease and
offer helpful clues for seeking potential therapy of prion
disease in the future.
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