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Table 2 Comparison of the location of significant increases in BOLD signal during the modified Stroop task performed by TBI patients

and healthy subjects

Region Size of voxels Coordinates (mm) Z score
X y z
Controls
Right anterior cingulate and medial frontal gyrus (BA 6, 32) 1,904 2 -2 58 6.48
2 18 46 5.71
Left inferior parietal gyrus and precuneus (BA 7, 19, 40) 4,292 ~24 -90 16 6.28
-32 -62 52 5.93
Right inferior parietal gyrus and precuneus (BA 19, 40) 2,290 34 =76 30 6.06
46 -54 52 5.74
34 ~68 38 5.62
Left middle and inferior frontal gyrus (BA 44, 46) 865 ~44 42 22 5.75
44 18 26 4.32
Right inferior parietal and precuneus (BA 19, 37) 2,386 —48 8 34 3.46
50 —66 -16 5.69
56 —54 -12 5.40
Right middle frontal gyrus (BA 6) 527 36 -4 52 4.70
Right inferior frontal gyrus (BA 10, 46) 194 48 36 22 3.73
40 50 22 3.65
Left middle frontal gyrus (BA 6) 117 -28 ~-10 56 3.63
Patients with TBI
Left inferior frontal gyrus (BA 45) 93 -56 18 8 5.14
Left middle frontal gyrus (BA 6) 442 —-48 4 24 4.67
Right middle and inferior frontal gyrus (BA 6, 9, 44) 227 40 8 26 4.21
52 8 42 3.81
44 4 34 3.44
Right inferior parietal gyrus (BA 40) 197 36 -64 42 4.13
Right medial frontal gyrus (BA 6) 77 10 4 54 3.95

The cingulate cortex is comprised of the anterior and
posterior cortices, each of which possesses different
thalamic and cortical connections [9]. The ACC can be
divided into discrete anatomic and behavioral subdivi-
sions: the affective division (ACed) and the cognitive
division (ACcd) [14]. The ACed includes areas 25, 33,
and rostal area 24 and plays a role in emotion and
motivation; the ACcd includes caudal areas 24 and 32
and plays a role in complex cognitive/attentional pro-

Fig. 1 Maximum-intensity pro-
jections of the statistical para-
metric maps during the Stroop
task for TBI patients (botton)
and healthy controls (fop)

(P < 0.001, uncorrected). For
localization of activation see
Table 1

cessing [10, 11, 14]. Neuroimaging studies have shown
that the ACcd is activated by numerous cognitive/
attentional tasks including Stroop tasks, divided atten-
tion tasks, and working memory tasks [12, 24, 25]. The
ACcd is vitally important for the proper and efficient
functioning of frontostriatal attention networks.

One key region of working memory is the prefrontal
cortex, and, in patients with TBI, the frontal cortices
tend to be damaged both structurally and functionally

Cqmrol
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Fig. 2 Location of the cognitive
division of the ACC (ACcd) on
coronal slices (y= + 18 mm).
The absence of activity in TBI
patients (right) and significant
activity in control subjects (/ef7)
is superimposed on group-
averaged Talairach and Tour-
noux transformed high-resolu-
tion structural scans [23]

[5, 23]. In a functional PET study, TBI patients showed
increased activity in the ACC and in frontal and occip-
ital lobe activity during working memory tasks [20].
fMRI study of TBI patients showed higher levels of
activation under the high processing load condition than
under the low condition [27]. This extensive activation
under working memory load may represent a response
to increased task difficulty [24]. However, our TBI
patients showed less ACcd activation than the controls.
Decreased activation of the ACcd has been noted in
patients with attention-deficit/hyperactivity disorder
(ADHD) who manifested performance deficits in the
Stroop task [28]. Even patients able to keep up with the
processing demands did so less efficiently for a given
level of performance accuracy than poorly performing
subjects [29]. However, under-activation in a poorly
performing subject may reflect failure to fully engage in
the task when it exceeds the subject’s processing capacity
[30].

Brain function is now interpreted on the basis of
neural networks rather than separate anatomical struc-
tures. In our TBI patients, cerebral activation was more
regionally dispersed and diminished in the prefrontal
and parietal cortex. This decrease may be the result of a
decrease in the functional and structural connectivity of
parietal and prefrontal regions {31, 32]. It has been
shown that the ACcd keeps up with the lateral pre-
frontal cortex, parietal cortex, and lower motor area
[10]. However, it is not known whether it is the sole
dominant region for cognitive function, attentional
selection, and processing. ACcd dysfunction in a paral-
lel-distributed network is not eliminated, as apparent
frontostriatal deficits may be the downstream effects of
ACcd dysfunction [14, 33, 34]. At any rate, these chan-
ges are probably the result of diffuse axonal injury and
may reflect either cortical disinhibition attributable to
disconnection or compensation for an inefficient cogni-
tive process.

Several limitations of this study deserve mention.
First, our results may not be applicable to older and
more severely disabled patients who cannot undergo
fMRI. Second, our participants were not subjected to
detailed neuropsychological testing of mental status,
visual memory, reaction time, and language function
testing. Although psychological assessments can yield
important information, they fail to reveal the neural
substrates or pathways. fMRI scans make it possible to
graphically interrogate the cortical physiology under
various stimulation paradigms. Third, we utilized a
block design fMRI technique rather than an event-re-
lated fMRI approach. Event-related designs allow the
extraction of relative timing information on the onset
of activity in different neural substrates as well as the
duration of cognitive processing during a task, offering
new opportunities for cognitive studies [35]. Further
investigations utilizing an event-related design are
necessary for the full explication of our findings.
Lastly, our study population consisted of a relatively
small number of subjects, and additional experiments
with a larger sample size and a randomized design are
necessary.

Conclusions

Cognitive impairment in TBI patients appears to be
associated with alterations in functional cerebral activity
and, especially, with decreased activation of the ACC.
Decreased activation in the ACcd regions may represent
evidence of cognitive impairment.
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Abstract

RNA interference (RNAI) is a powerful method for suppressing the expression of a gene of interest, and can be induced by 21-25
nucleotide small interfering RNA (siRNA) duplexes homologous to the silenced gene, which function as sequence-specific RNAi
mediators in RNA-induced silencing complexes (RISCs). In the previous study, it was shown that fork-siRNA duplexes, whose
sense-stranded siRNA elements carried a few nucleotide mismatches at the 3’-ends against the antisense-stranded siRNA elements,
could enhance RNAI activity more than conventional siRNA duplexes in cultured mammalian cells. In this study, we further char-
acterized fork-siRNA duplexes using reporter plasmids carrying target sequences complementary to the sense- or antisense-stranded
siRNA elements in the untranslated region of Renilla luciferase. The data presented here suggest that nucleotide mismatches at
either the 3'- or 5’-end of the sense-stranded siRNA elements in fork-siRNA duplexes could influence assembly of not only the anti-
sense-stranded siRNA elements but also the sense-stranded elements into RISCs. In addition, we further suggest the possibility that

there could be a positional effect of siRNA duplex on RNAI activity.

© 2005 Elsevier Inc. All rights reserved.

Keywords: RNA interference; Fork-siRNA; Mismatch; RNAI mediator; RISC

RNA interference (RNAI) is the process of a se-
quence-specific post-transcriptional gene silencing trig-
gered by  double-stranded RNAs  (dsRNAs)
homologous to the silenced gene (reviewed in [1-4]).
DsRNAs introduced or generated in cells are subjected
to digestion with an RNase I enzyme, Dicer, into
21-25 nucleotide (nt) RNA duplexes [5-8], and the
resultant RNA duplexes, referred to as small interfering
RNA (siRNA) duplexes, can be associated with the
RNA-induced silencing complexes (RISCs) and func-
tion as sequence-specific RNA1 mediators in the com-
plexes [5,7]. In terms of rapid and potent induction of

* Corresponding author. Fax: +81 42 346 1748,
E-muail address: hohjohh@nenp.go.jp (H. Hohjoh).

0006-291X/S - see front matter © 2005 Elsevier Inc. All rights reserved.

doi:10.1016/1.bbre.2005.02.012

RNAI by exogenous dsRNAs, RNAI has become a pow-
erful reverse genetic tool for suppressing the expression
of a gene of interest in various species including
mammals.

In mammals, direct introduction of chemically syn-
thesized 21-25 nt siRNA duplexes into cells is often
used for induction of RNAI [9-12], although different
siRNAs induce different levels of RNAI activities
[10,13]. In previous studies, where the effect of various
types of synthetic siIRNAs on the induction of mamma-
lian RNAi was tested, an improvement of the siRNA
duplexes for enhancing RNAI1 activity was found [14].
The improved siRNA duplexes, named ‘fork-siRNA
duplexes,” possess mismatched sequences at their ter-
mini due to introduction of base substitutions into the
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3’-ends of the sense-stranded siRNA elements: one of
the ends of the fork-siRNA duplex, on the 3'-end of
the sense-stranded siRNA element, remains open
(unannealed). In addition to the properties of fork-siR-
NA duplex, recent studies suggested that siRNA du-
plexes conferring a strong RNAi activity could Dbe
characterized by a low base-stability due to AU-rich se-
quences around the 3'-ends of the sense-stranded siR-
NA elements, i.e., the functional siRNA duplexes have
the asymmetrical features of the AU (or GC) content
in their sequences [14-16]. Based on these observations,
a model was proposed: the ease of unwinding from one
of the ends of the siRNA duplex could determine the
orientation of the duplex, and the siRNA element un-
wound from the 5'-end could be determined and func-
tion as a sequence-specific RNAi mediator in RISC [14].

In order to further characterize fork-siRNA du-
plexes, we report herein the construction of reporter
plasmids carrying target sequences complementary to
the sense- and antisense-stranded siRNA elements, and
examination of the levels of gene silencing depending
upon the sense- and antisense-stranded siRNA elements
functioning as RNAI mediators in RISCs. The data pre-
sented here suggested that the structural features of
fork-siRNA duplexes could influence incorporation of
their siRNA elements into RISCs.

Materials and methods

Preparation of oligonucleotides. RNA and DNA synthetic oligo-
nucleotides were obtained from PROLIGO and INVITROGEN,
respectively. For preparation of duplexes, sense- and antisense-
stranded oligonucleotides (20 M each) were mixed in an annealing
buffer (30 uM Hepes, pH 7.4, 100 uM potassium acetate, and 2 pM
magnesium acetate), heat-denatured at 90 °C for 3 min. and annealed
at 37 °C overnight. The siRNA duplexes used in this study were as
follows: the La2l-conv. siRNA duplex (a conventional sIRNA du-
plex), La21-3'm2 siRNA duplex (a fork-siRNA duplex carrying two-
base mismatches at the 3’-end of the sense-stranded siRNA element),
La21-5m2 siRNA duplex (a fork-siRNA duplex carrying two-base
mismatches at the 5'-end of the sense-stranded siRNA element). and
La2l-ss19 siRNA duplex (a siRNA duplex containing 19 nt sense-
stranded sIRNA element) (Fig. 1B) [14]. Note that these La2l siR-
NA duplexes possess the same antisense-stranded siRNA elements.
Non-silencing siRNA duplex (Qiagen) was used as a negative
control.

Construction of reporter plasmids. In order to insert target sequence
complementary to the sense- or antisense-stranded La2l siRNA ele-
ment [10] against Photinus luciferase in the 3’ untranslated region
(UTR) of the Renillu tuciferase transcripts. the phRL-TK plasmid
{Promega) carrying the Renilla luciferase gene was digested with Xhal
and Norl, and subjected to ligation with synthetic oligonucleotide
duplexes carrying the La2l siRNA target sequences. The sequences of
the synthesized oligonucleotides were as follows:

sLa21Fw: 3-CTAGCATGCAACCGCTGGAGAGCAACTGCA-Y
asLa2lFw: 3-GGCCTGCAGTTGCTCTCCAGCGGTTGCATG-Y
sLa2IRv: -CTAGCATGCAGCAGTTGCTCTCCAGCGGTA-¥
asLa21Rv: 5-GGCCTACCGCTGGAGAGCAACTGCTGCATG-3'

A
phRL-La21Fw

phRL-La2IRv  5°[7 [

pGL3-TK 0T Sy

pGL3-TK-La21Fw S’I I > )

pGL3-TK-La2IRv

La2i-conv,
3/ -UUUGGCGACCUCUCGUUGACG-5"

5’ -ACCGCUGGAGAGCAACUUU-3"

La21-3’'m2

3/ -UUUGGCGACCUCUCGUUGACG-5"

5’ -UACGCUGGAGAGCAACUGCUU-3"

La21i-5"m2 i

3’ -UUUGGCGACCUCUCGUUGACG-5"

5/ -CGCUGGAGAGCAACUGCUU-3"

La2l-sst9

C

La2l-conv.

La21-5'm2

La21-ss19

Norm. Photinus Luc. / Renilla Luc.

Fig. 1. Schematic drawing of the luciferase transcripts derived from
plasmids constructed in this study (A). used synthetic siRNA duplexes
(B), and RNAI activities induced by the siRNA duplexes (C). (A} The
names of constructed plasmids are indicated. Hatched and open boxes
represent the luciferase coding and uniranslated regions, respectively.
Gray and solid (black) regions indicate target sequences complemen-
tary to the antisense- and sensc-stranded La2l siRNA elements.
respectively. (B) The names of synthetic La2! siRNA duplexes are
indicated. Upper and lower sequences in the duplexes represent the
sense- and antisense-stranded siRNA elements, respectively. (C) Gene
silencing of the Photinus luciferase gene. RNAI induction was carried
out as described previously [14]. Indicated La2l siRNA duplexes
together with pGL3-conirol and phRL-TK plasmids carrying Photinus
and Renillu luciferase genes. respectively. were transfected into HelLa
cells. Twenty-four hours after transfection. cell lysate was prepared
and the level of luciferase activity was examined. Ratios of normalized
target (Photinus) luciferase activity to control (Renilla) luciferase
activity are shown: the ratios of luciferase activity determined in the
presence of the La2l siRNA duplexes were normalized to the ratio
obtained for a control in the presence of a non-silencing siRNA duplex
(Qiagen). Data are averages of at least three independent determina-
tions, Error bars represent standard deviations.

The resultant plasmids possessing the target sequences for the
antisense- and sense-stranded La2l siRNA elements were named
PhRL-La2lFw” and "phRL-La21Rv." respectively.

We further constructed reporter plasmids carrying two target sites
of the La2l siRNA duplex. The Hindl11-Xhal fragment encoding the
Photinus luciferase gene was isolated from the pGL3-control plasmid
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(Promega), and substituted for the HindIll-Xbal regions carrying
Renilla luciferase in the phRL-La2lFw and phRL-La2]1Rv plasmids.
The resultant plasmids derived from the phRL-La2lFw and phRL-
La2lRv plasmids were named ‘pGL3-TK-La2lFw’ and ‘pGL3-TK-
La21Rv, respectively, and possessed two La2l siRNA duplex target
sites, one in the Photinus luciferase coding region and the other in the
3/ UTR. We also constructed ‘pGL3-TK’ plasmid by substitution of
Photinus luciferase for Renilla luciferase in the phRL-TK plasmid
using the same procedure described above.

Cell culture, transfection, and luciferase and f-galactosidase assays.
Hel.a cells were grown as described previously [10]. The day before
transfection, cells were trypsinized, diluted with fresh medium without
antibiotics, and seeded into 24-well culture plates (approximately
0.5 x 10° cells/well). Cotransfection of synthetic siRNA duplexes with
reporter plasmids was carried out using Lipofectamine 2000 transfec-
tion reagent (Invitrogen) according to the manufacturer’s instructions,
and to each well, 0.24 pg siRNA duplexes, 0.05 pg phRL-La21Fw or
phRL-La21Rv plasmid, and 0.1 pg pSV-B-galactosidase control vector
(Promega) as a control were applied. Twenty-four hours after trans-
fection, cell lysate was prepared and the expression levels of luciferase
and B-galactosidase were examined by a Dual-Luciferase reporter as-
say system (Promega) and a Beta-Glo assay system (Promega),
respectively, according to the manufacturer’s instructions. In the case
of transfection with pGL3-TK, pGL3-Tk-La2lFw or pGL3-TK-
La21Rv, 0.24 ug siRNA duplexes, 0.1 pg of any one of the pGL3-TK,
pGL3-Tk-La21Fw, and pGL3-TK-La2IRv plasmids, and 0.05 pg of
the phRL-TK plasmid as a control were applied into Hela cells.
Twenty-four hours after transfection, a Dual-Luciferase reporter assay
was conducted.

Results and discussion

Influence of assembly of siRNA elements into RISCs by
Jork-siRNA duplexes

In the previous study, it was shown that fork-siRNA
duplexes carrying nucleotide mismatches at the 3’-ends
of the sense-stranded siRNA elements could enhance
RNAI activity more than conventional siRNA duplexes
[14]. This suggests the possibility of greater occurrence
of assembly of the antisense-stranded siRNA elements
rather than the sense-stranded elements into RISCs in
fork-siRNA duplexes over that in conventional du-
plexes. Accordingly, we attempted to examine whether
fork-siRNA duplexes could influence incorporation of
their siRNA elements into RISCs. To address this, we
constructed iwo reporter plasmids, phRL-La21Rv and
phRL-La21Fw, carrying the target sequences for the
sense- and antisense-stranded La2l siRNA elements,
respectively, in the 3’ untranslated region (UTR) of
Renilla luciferase (Fig. 1A). This is because the previous
study showed that the La2l-conv., La2i-3'm2, and
La21-5'm2 siRNA duplexes (Fig. 1B) could confer dif-
ferent levels of RNAI activities, although they possessed
the same antisense-stranded siRNA element [14] In
addition to the previous results, the result with a newly
designed siRNA duplex, the La2l-ss19 siRNA duplex
(Figs. 1B and C), also supported the idea that the forked
terminus of siRNA duplex could influence RNAI activ-
ity. Accordingly, we decided to use the sequences of the

sense- and antisense-stranded La2l siRNA elements as
targets in this study. Using the phRL-La2lFw and
-La21Rv plasmids, and a series of the La2l siRNA
duplexes, the levels of gene silencing depending upon
the sense- and antisense-stranded La21 siRNA elements
were Investigated.

First we examined if the sense-stranded siRNA ele-
ments, like the antisense-stranded siRNA elements,
could have potential for functioning as sequence-specific
RNAi mediators in RISCs. To see this, the La21-conv.
siRNA duplex together with phRIL-La21Rv, phRL-
La21Fw or phRL-TK and pSV-B-galactosidase control
vector as a control were cotransfected into Hela cells,
and the levels of the expression of Renilla luciferase were
examined. As a result, significant suppression of the
expression of Renilla luciferase was detectable in the
presence of either phRL-La2lRv or phRL-La2lFw,
whereas little or no suppression was seen in the presence
of phRL-TK as a negative contro! (Fig. 2). Therefore,
these results strongly suggest that either the sense- or
antisense-stranded La21 siRNA element can be incorpo-
rated into RISC and function as a sequence-specific
RNAi mediator in the complex.

We next examined the RNAI activities directed by the
sensé- and antisense-stranded siRNA elements derived
from the La21-3'm2 and La21-5'm2 siRNA duplexes
(fork-siRNA duplexes) as well as the La21l-conv. siRNA
duplex. As shown in Fig. 3A, when the phRL-La21Fw
plasmid was used, ~86%, 95%, and 72% gene silencing
mediated by the antisense-stranded La2l siRNA ele-
ments derived from the La2l-conv., La21-3'm2, and

phRL-TK

phRL-La21Fw

phRL-La21Rv

H
:
'
]

P P
'
0

0 0.2 0.4 0.6 0.8

Norm. Renilla-luc. / f-gal.

Fig. 2. Gene silencing of exogenous reporter gene with conventional
siRNA duplexes. The conventional La21 (La2l-conv.) siRNA duplex
against the Photinus luciferase gene together with phRL-TK,
phRIL-La21Fw, or phRL-La2lRv plasmid carrying the Renilla lucif-
erase reporter gene, and pSV-B-galactosidase control vector as a
control were cotransfected into HeLa cells. Twenty-four hours after
transfection, cell lysate was prepared, and the levels of the luciferase
and B-galactosidase activities were examined. Ratios of normalized
target (Renilla) luciferase activity to control p-galactosidase activity
are shown: the ratios of luciferase activity determined in the presence
of the La2l-conv. siRNA duplex (gray bars) are normalized to the
ratio obtained for a control in the presence of a non-silencing siRNA
duplex (Qiagen) (solid bars). Data are averages of at least four
independent experiments. Errotr bars represent standard deviations.
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A

La21-conv.

La21-3’'m2

La21-5"'m2

B
La21-conv.

La21-3’'m2

La21-5’'m2

' '
t '
' v
' v
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Fig. 3. Silencing of the expression of exogenous reporter gene with
various types of siRNA duplexes. The conventional La21 (La21-conv.)
or fork-La2l (La21-3'm2 and La21-5'm2) siRNA duplexes together
with phRL-La21Fw (A) or phRL-La2lRv (B) reporter plasmid and
pSV-B-galactosidase control vector as a control were cotransfected
into HeLa cells, and the expression levels of luciferase and B-
galactosidase were examined as in Fig. 2. Ratios of normalized target
(Renilla) luciferase activity to control P-galactosidase activity are
shown as in Fig. 2. Data are averages of at least four independent
determinations. Error bars indicate standard deviations.

La21-5'm2 siRNA duplexes, respectively, was observed.
Although the levels of the gene silencing with phRL-
La2lFw as a reporter plasmid increased further than
those with the pGL3-control plasmid carrying Photinus
luciferase in the previous study [14] (further discussion
below), the effects of mismatches at the 3'- and 5’-ends
of the sense-stranded elements in the La2l fork-siRNA
duplexes on RNAIi activity appeared to remain un-
changed in the experiments using either phRL-La21Fw
or pGL3-control.

When the phRL-La21Rv plasmid was used, i.e., when
the levels of the RNAI activity directed by the sense-
stranded La21 siRNA elements were examined, signifi-
cant differences in the level of RNAI activity among
the La21 siRNA duplexes used were observed: while
~92% and 89% suppression of the expression of Renilla
luciferase was detectable in the presence of the
La2l-conv., and La21-5'm2 siRNA duplexes, respec-
tively, the gene silencing mediated by the sense-stranded
element derived from the La21-3'm2 duplex appeared to
confer ~20% inhibition of the expression of Renilla
luciferase (Fig. 3B), suggesting that the degree of assem-
bly of the sense-stranded siRNA element into RISC in
the La21-3'm2 siRNA duplex could be much lower than
those in the La2l-conv., and La2l-5'm2 siRNA du-
plexes. Taking all the data together, these observations
suggest that nucleotide mismatches at the ends of fork-
siRNA duplexes can influence assembly of not only

the antisense-stranded siRNA elements but also the
sense-stranded siRNA elements into RISCs.

The previous in vitro RNAI reaction with Drosophila
embryo lysate has demonstrated that single nucleotide
mismatch around the termini of siRNA duplex can af-
fect target-RNA cleavages directed by the sense- and
antisense-stranded siRNA elements [15]. The results of
our present study using cultured human cells consis-
tently agree with those in the previous study. Therefore,
it appears that the effect of low base-pairing stabilities
due to either AU-rich or nucleotide mismatches around
the termini of siRNA duplexes on RNAI activity is likely
common among various species. In addition, such low
base-pairing stability could contribute to ready unwind-
ing of the duplex from that end by a possible helicase
activity in RISCs.

Another important point to note in this study is that
the sense-stranded siRNA elements have potential for
functioning as sequence-specific RNAi mediators in
RISCs. As previously suggested [14], this indicates that
off-target gene silencing mediated by the sense-stranded
siRNA elements could occur in RNAI induction by
siRNA duplexes. Our present data also indicated a pos-
sible avoidance of such off-target gene silencing: fork-
siRNA duplexes carrying nucleotide mismatches at the
3'-end of the sense-stranded elements could reduce such
off-target silencing. Therefore, fork-siRNA duplexes
may provide us with not only an increase in RNAi activ-
ity but also decrease in off-target gene silencing directed
by the sense-stranded siRNA elements.

Positional effect of SIRNA target site on RNAi activity

The results shown in Fig. 3A led us to the possibility
that the position of an siRINA target site on a silenced gene
transcript could influence its RNAI activity, i.e., there
could be a positional effect of the siRNA target site on
RNAI activity. To examine this possibility, we con-
structed two reporter plasmids carrying Photinus lucifer-
ase, pGL3-TK-La2lRv and pGL3-TK-La2lFw, whose
3" UTRs contained the target sequences complementary
to the sense- and antisense-stranded L.a21 siRNA ele-
ments, respectively (Fig. 1A). Thus, the resultant Photinus
luciferase transcripts derived from pGL3-TK-La2lFw
and pGL3-TK-La21Rv possess two target sites: one site
complementary to the antisense-stranded La2l siRNA
element is in the luciferase coding region, and the other
complementary to the sense- or antisense-stranded
siIRNA element is in its 3’ UTR.

The La2l-conv., La21-3'm2, or La21-5'm2 siRNA
duplexes together with the pGL3-TK (carrying one
target site in the luciferase coding region), pGL3-
TK-La2lRv or pGL3-TK-La21Fw plasmid (Fig. 1A)
and the phRL-TK plasmid as a control were cotrans-
fected into HeLa cells, and the levels of RNAI activity
were examined by a dual-luciferase assay. When the
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pGL3-TK-La21Ryv [

0 0.2 0.4 0.6 0.8 1 1.2
Norm. Photinus Luc. / Renilla Luc.

Fig. 4. Gene silencing of Photinus luciferase carrying two target sites
of the La2l siRNA duplex. The La2l-conv., La21-3'm2 or La21-5'm2
siRNA duplex together with pGL3-TK, pGL3-TK-La2l1Fw or pGL3-
TK-La21Rv reporter plasmid carrying Photinus luciferase and phRL-
TK plasmid carrying Renilla luciferase as a control were cotransfected
into Hela cells, and the expression levels of luciferase were examined
as in Fig. 1. Ratios of normalized target (Photinus) luciferase activity
to control (Renilla) luciferase activity are shown as in Fig. 1. Solid,
gray, and open bars indicate the data in the presence of the La2l-
conv., La21-3'm2, and La215'm2 siRNA duplexes, respectively. Data
are averages of at least three independent determindtions. Error bars
represent standard deviations.

pGL3-TK plasmid was used, results similar to those in
the previous study using the pGL3-control plasmid
encoding Photinus luciferase driven by the SV40 pro-
moter [14] were observed (Fig. 4). When the pGL3-
TK-La2lFw and pGL3-TK-La2lRv plasmids were
used, the levels of RNAI activity, other than those in
the presence of the pGL3-TK-La2IRv plasmid and the
La21-3'm2 siRNA duplex, appeared to increase more

greatly in both the pGL3-TK-La21Fw and pGL3-TK-

La2lRv plasmids than in the pGL3-TK plasmid used,
suggesting that two target sites of the La2l siRNA du-
plex on the silenced Photinus luciferase transcript prob-
ably contributed to the enhancement of RINAi activity.
As for the RNAI activity in the presence of pGL3-TK-
La21Rv and the La21-3'm2 siRNA duplex, it may be
that the target site in the luciferase coding region, not
in the 3" UTR, is only recognizable for active RISCs,
since a rather weak RNAI activity mediated by the
sense-stranded siRNA element in the La21-3'm2 siRNA
duplex was detected in the presence of phRL-La2lRv
(Fig. 3B). This may account for the lack of significant
difference in the level of RINAI activity between pGL3-
TK and pGL3-TK-La2lRv in the presence of the
La21-3'm2 siRNA duplex.

It should be noted that the La21-5'm2 siRNA duplex
was able to confer ~60% suppression of the expression
of Photinus luciferase in pGL3-TK-La21Fw, although
the duplex was able to induce ~15% inhibition of the
Photinus luciferase expression in pGL3-TK. Since the
Photinus luciferase transcripts derived from pGL3-TK-
La21Fw carry two identical target sites complementary
to the antisense-stranded La2l siRNA element, and
since the target site in the luciferase coding region ap-
peared not to contribute much to gene silencing when

using the La21-5'm2 siRNA duplex (Fig. 4), it is con-
ceivable that the target site in the 3' UTR could be more
sensitive to cleavage by RISCs than that in the luciferase
coding region on the Photinus luciferase transcripts de-
rived from pGL3-TK-La2lFw in the presence of the
La21-5'm2 siRNA duplex. These observations thus sug-
gest a possible positional effect of target site of sSIRNA
duplex on RNAI activity.

Finally, we add that a difference in RNAI activity be-
tween phRL-La21Rv (Fig. 3) and pGL3-TK-La2lRv in
the presence of the La21-5'm2 siRNA duplex was ob-
served, although the Renilla and Photinus luciferase
transcripts derived from phRL-La2iRv and pGL3-
TK-La21Rv, respectively, which carried the same target
sites complementary to the sense-stranded La2l siRINA
element in their 3’ UTRs, could be subjected to gene
silencing chiefly mediated by the sense-stranded siRNA
element. The difference might be attributable to possibly
different stabilities between the Renilla and Photinus
luciferase gene products in cells. To further evaluate
such a possible difference and also the positional effect
of siRNA target site on RNAI activity, more extensive
studies need to be carried out.
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Abstract

Inflammation is profoundly involved in the development of Alzheimer’s disease (AD) and other neurodegenerative diseases. Chemokine,
CXC motif, ligand 1 (CXCLI; or GRO}) is an inflammatory cytokine and appears to be implicated in the pathogenesis of AD. It is of
interest and importance to see if the CXCLI gene, mapped on chromosome 4q12-ql3, has potential for conferring the predisposition to
AD. Here we report on an association study of the CXCLI gene with sporadic AD patients in a Japanese population; three single nucleotide
polymorphisms (SNPs) in the CXCL/ locus were investigated in 103 AD patients and 130 healthy individuals. The results indicate that neither
genotype frequencies nor allele frequencies of the examined SNPs altained statistical significance even after being stratified by the presence
or absence of the Apolipoprotein E £4 allele. Therefore, the data presented here suggests that the CXCL/ gene could not be associated with

the susceptibility to AD in a Japanese population.
© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: Alzheimer’ disease; Chemokine; CXC motif, ligand | (CXCLI): Single nucleotide polymorphisms (SNPs); Association study

Alzheimer’s disease (AD) is a progressive neurodegenerative
disorder of the elderly, and characterized by accumulation
of neurofibrillary tangles and amyloid deposition resulting
in the formation of senile plaques in the brain. Sporadic AD
other than familial AD appears to be a multifactorial disorder
in which both genetic and environmental factors are involved
[2]. A genetic factor strongly associated with sporadic AD has
been found in the Apolipoprotein E (APOE) gene: the APOE
&4 allele increases the predisposition to AD {10.12.13]. It
is likely that other genetic factors besides APOE &4 could
participate in developing AD, and it is of importance and
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necessary to determine such genetic factors conferring the
predisposition to AD.

Chemokines are inflammatory cytokines which have mul-
tiple functions in the immune system, and also have effects
on cells of the central nervous system [1,3,4,7-9,15-17]. It
appears that inflammation is implicated in the pathogene-
ses of various neurodegenerative disorders including AD
[9.14-17]. Previous study suggested that chemokine, CXC
motif, ligand 1 (CXCLI; or GRO1) could work as a potent
trigger for the ERK1/2 and PI-3 kinase pathway and induce
hypermethylation of the tau protein in mouse primary corti-
cal neurons, and also that the immunoreactivity for CXCL1
increased in a subpopulation of neurons in some AD brains
[14]. 1t was further suggested that a chemokine receptor for
CXCIL1.CXCR2, was expressed on neurons and was strongly
upregulated in a subpopulation of senile plaques in AD [9.15].



150 Y Tamura et al. / Neuroscience Letters 379 (2005) 149-151

Table 1
Genotype and allele frequencies of the SNPs in the CXCL/I locus

SNP name (position®) Patients (n =103) Controls (n=130) P OR (95% CI)
1s3117602 Genotype frequency
(75,199,137) C/C 90 (87.4%) 107 (82.3%) 0.43 1.0
CIA 13 (12.6%) 22 (16.9%) 0.7 (0.3-1.5)
AlA 0 (0%) 1(0.8%) -
Allele frequency
C allele 93.7% 90.7% 0.25
A allele 6.3% 9.3%
154074 Genotype frequency
(75,202,395) ) GIG 26 (25.2%) 31 (23.8%) 0.95 1.0
G/A 55 (53.4%) 72 (55.4%) 0.9 (0.45-1.7)
AJA 22 (21.4%) 27 (20.8%) 1.0 (0.4-2.0)
Allele frequency
G allele 51.9% 51.6% 0.93
A allele 48.1% 48.4%
1s1429638 Genotype frequency
(75,204,181) c/IC 46 (44.7%) 59 (45.4%) 0.92 1.0
C/A 51 (49.5%) 65 (50.0%) 1.0 (0.6-1.7)
A/A 6 (5.8%) 6 (4.6%) 1.3(0.4-42)
Allele frequency
C allele 69.4% 70.2% 0.82
A allele 30.6% 29.8%

* The nucleotide positions are based on the numbering used in the NCBI public location.

These observations lead to the possibility that the CXCLI
gene could confer the predisposition to sporadic AD, i.e., it
may be a genetic risk factor for AD, and stimulate our inter-
estin studying if there is any association between the CXCL/
gene and AD. '

In this study, we investigated three single nucleotide poly-
morphisms (SNPs) around the CXCL! locus mapped on
4q12—q13 in sporadic AD patients and healthy individuals.
The subjects were all Japanese: 103 patients with AD (47
men and 56 women; mean age of onset, 70.7 years old)
were diagnosed by meeting the National Institute of Neu-
rological and communicative Disorders and Stroke and The
Alzheimer’s Disease and Related Dementias Association cri-
teria (NINCDS-ADRDA) [11], and 130 unrelated healthy in-
dividuals (57 men and 73 women; mean age, 70.9 years old)
were examined as controls. Peripheral blood samples were
obtained and subjected to isolation of genomic DNA with
standard protocols. For a high-throughput analysis, allelic
discrimination assay with commercially available Assays-
on-Demand SNP Genotyping products (Applied Biosystems)
was carried out in 25 pl of 1 x TagMan Universal PCR Mas-
ter Mix (Applied Biosystems) containing ~10 ng of genomic
DNA and 1.25 pl of an Assays-on-Demand SNP Genotyping
product (Applied Biosystems) by using the Applied Biosys-
tems 7300 Real Time PCR System (Applied Biosystems)
according the manufacture’s instructions. The Assays-on-
Demand SNP Genotyping products used (the Assay ID num-
bers; public ID numbers) were as follows: C_9761059_10;
rs3117602 (intergenic SNP), C_11820472_1; rs4074 (in-
tron3 SNP), C_2042711_10; rs1429638 (intergenic SNP).

The SNPs cover the CXCLI gene and the physical distances
between 153117602 and rs4074 SNPs and between rs4(074
and 151429638 SNPs are approximately 3.3 and 1.8 kb long,
respectively. After SNP typing, statistical analyses of the data
were carried out using SNPAlyse (DYNACOM, Yokohama,
Japan). The presence of Hardy-Weinberg equilibrium was ex-
amined by yx2-test for goodness of fit. Allele distributions be-
tween the patients and controls were examined by x?-test for
independence. As for haplotype analysis, haplotype frequen-
cies and linkage disequilibrium parameters were estimated
on the basis of an expectation-maximization algorithm [5].
Case—control haplotype analyses were carried out by using
the permutation method to obtain the empirical significance
[6]. Each haplotype was tested for association by grouping
all other haplotypes together and applying x*-test with 1 d.f.
P values were estimated on the basis of 10,000 replications.

Table 1 shows the results of the SNP typing in the AD
patients and healthy controls. The SNPs examined in this
study revealed no significant differences in their genotype
frequencies, allele frequencies and allele carrier frequencies
between the patients and healthy controls. In addition, none
of the polymorphisms in each group deviated from expecta-
tions based on Hardy-Weinberg equilibrium at a significance
level of 0.01. Accordingly, although there was a limitation in
the number of the subjects used in this study, i.e., the num-
bers of the patients and controls used were small; the typing
data suggested that the CXCLI gene could not be a major
risk factor conferring the susceptibility to AD at least. We
further examined allelic associations (haplotypes) among the
rs3117602, rs4074 and rs1429638 SNPs. As a result, strong
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Table 2

Estimated haplotypes and their frequencies

Haplotypes® Patients (n=103), Controls (n=130). P
HF (%) HF (%)

C-G-C 51.9 50.5 0.75

C-A-A 294 28.9 0.66

C-A-C 123 1.4 0.75

A-A-C 5.2 7.5 0.32

HF: haplotype frequency.

4 Estimated haplotypes with the rs3117602, rs4074 and 151429638 SNPs
are indicated and the haplotypes with 5% or more of their frequencies are
shown.

allelic associations (haplotypes) among the SNPs were de-
tectable in either the healthy controls or AD patients (Table 2);
but, the estimated haplotype frequencies resulted in no signif-
icant difference between the patients and controls. We must
add that further analyses stratified by either the presence or
absence of the APOE &4 allele resulted in no statistical signif-
icance, although the difference in the frequency of the APOE
&4 allele alone between the patients and controls attained sta-
tistical significance (P =0.0079). Taking all the data together,
it is suggested that the CXCL]I gene is not associated with the
susceptibility to sporadic AD. Since inflammation appears to
be implicated in the development of AD, it is conceivable
that the CXCLI gene could contribute to only inflammatory
response in the course of the development of AD, but not
participate in the pathogenesis of AD as a genetic factor con-
ferring the predisposition to AD.
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