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Abstract: We previously showed that gad mice, which are deficient for ubiquitin C-terminal
hydrolase L1 (UCH-L1), have a significantly increased number of defective spermatozoa,
suggesting that UCH-L1 functions in sperm quality control during epididymal maturation.
The epididymis is the site of spermatozoa maturation, transport and storage. Region-
specific functions along the epididymis are essential for establishing the environment
required for sperm maturation. We analyzed the region-specific expression of UCH-L1 and
UCH-L3 along the epididymis, and also assessed the levels of ubiquitin, which has
specificity for UCH-L1. In wild-type mice, western blot analysis demonstrated a high level of
UCH-L1 expression in the caput epididymis, consistent with ubiquitin expression, whereas
UCH-L3 expression was high in the cauda epididymis. We also investigated the function of
UCH-L1 and UCH-L3 in epididymal apoptosis induced by efferent duct ligation. The caput
epididymides of gad mice were resistant to apoptotic stress induced by efferent duct
ligation, whereas Uchl3 knockout mice showed a marked increase in apoptotic cells
following ligation. In conclusion, the response of gad and Uchi3 knockout mice to androgen
withdrawal suggests a reciprocal function of the two UCH enzymes in the caput epididymis.
Key words: apoptosis, epididymis, ubiquitin, UCH

Introduction and cauda (tail), each having a specific role in sperm

The mammalian epididymis is a highly convoluted
tubule that connects the efferent ducts of the testis to
the vas deferens [2, 8]. The epididymis is composed of
three distinct compartments, caput (head), corpus (body)

maturation, sustenance, transport, and storage [2, 6].
However, the molecular basis for the maturation pro-
cess remains largely unknown.

It has been suggested that the epididymis acts as a
quality control organ to eliminate defective spermato-

(Received 12 August 2005 / Accepted 4 November 2005)

Address corresponding: K. Wadu, Department of Degenerative Neurological Diseases, National Institute of Neuroscience, National Center of

Newrology and Psychiatry, 4—1-1 Ogawahigashi-cho, Kodaira, Tokyo 187-8502, Japan



36 J.KWON, ET AL.

zoa before ejaculation [37]. The epididymis is an or-
gan with voluminous protein traffic between the
epithelium and lumen. Numerous proteins, secreted in
an apocrine manner by the epididymal epithelium, are
implicated in spermatozoa maturation [18]. Two major
components of the ubiquitin-dependent proteolytic path-
way, ubiquitin and UCH-L1 (PGP9.5), are expressed in
epididymal tissue [10, 35]. Ubiquitin is present in hu-
man seminal plasma [26], and defective spermatozoa
become ubiquitinated during epididymal passage [23,
37). Our previous work showed that UCH-L1 associ-
ates with monoubiquitin and stabilizes its expression
[31]. In addition, it has been suggested that UCH-LI
functions as a regulator of apoptosis via the ubiquitin
pathway [13, 23, 25]. We found that testes of gracile
axonal dystrophy (gad) mice, which lack UCH-L1, have
reduced ubiquitin levels and are resistant to cryptorchid
injury—mediated germ cell apoptosis [25]. Furthermore,
our recent work demonstrated that the percentage of
morphologically abnormal spermatozoa is significantly
higher in gad mice, compared with wild-type mice [23].
Two mouse UCH isozymes, UCH-L1 and UCH-L3,
are strongly but reciprocally expressed in the testis dur-
ing spermatogenesis [25], suggesting that these proteins
have distinct functions in the testis [23], even though
they have high amino acid sequence identity and share
" significant structural similarity [21]. The functional
regionalization of the epididymis is delineated at the
molecular level by regional differences in gene expres-
sion [16-19]. Regional differences along the epididymis
might be essential characteristics of the environment
required for sperm quality control. Although it has
been shown that UCH-L1 and UCH-L3 have reciprocal
functions with respect to cryptorchid injury, their mo-
lecular functions in regulating sperm quality during
epididymal passage are not fully understood. Thus, we
examined the epididymal expression of UCH-L1 and
UCH-L3 with regard to their involvement in the regu-
lation of apoptosis. In addition, we assessed the
reciprocal functions of these two proteins in the epid-
idymis.

Materials and Methods

Animals
We used gad (CBA/RFM) [34] and Uchl3 knockout
(C57BL/6}) [21] male mice at 10 weeks of age. The

gad mouse is an autosomal recessive mutant that was
obtained by crossing CBA and RFM mice. The gad
line has been maintained by intercrossing for more than
20 generations [34]. Uchl3 knockout mice were gener-
ated by the standard method [21] using homologously
recombinant ES cells, and the knockout line has been
back-crossed several times to C57BL/6] mice. Both
strains are maintained at our institute. Animal care and
handling were in accordance with our institutional regu-
lations for animal care and were approved by the Animal
Investigation Committee of the National Institute of
Neuroscience, National Center of Neurology and Psy-
chiatry.

Unilateral efferent duct ligation

Animals were either left intact to serve as controls or
were unilaterally ligated at the efferent duct [9, 38].
Four mice in each group were anesthetized with pento-
barbital (Abbott Laboratories, North Chicago, IL), and
the testis and epididymis on the right side were ex-
posed through a scrotal incision. The thin avascular
attachment joining the initial segment of the epididy-
mis to the tunica albuginea was cut to permit exposure
of the efferent ducts coursing above and parallel to the
vascular supply. A silk suture was passed by needle
through the thin sheet of connective tissue between the
ductules and the blood vessels, and the efferent ducts
were occluded by ligation. Mice were sacrificed 2 or 4
days after ligation. Both epididymides were immersed
in 4% paraformaldehyde for at least 24 hr before they
were dehydrated and embedded in paraffin [22].

Histological and immunohistochemical assessment of
the epididymis

The caput, corpus and cauda epididymides along the
epididymal region embedded in paraffin were cut into
4-pm sections and stained with hematoxylin and eosin.
Light microscopy was used for routine observations.
For immunohistochemical staining, the sections were
incubated with 10% goat serum for 1 h at room tem-
perature followed by incubation overnight at 4°C with
a rabbit polyclonal antibody raised against peptides
within UCH-L1 or UCH-L3 (1:1,000 dilution; peptide
antibodies [24]) and ubiquitin (1:500; DakoCytomation,
Glostrup, Denmark) in PBS containing 1% BSA. Sec-
tions were then incubated for 1 h with biotin-conjugated
anti-rabbit IgG diluted 1:200 in PBS, followed by
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Vectorstain ABC-PO (Vector Laboratories, Burlingame,
CA) for 30 min at room temperature. Sections were
developed using 3,3’-diaminobenzidine and counter-
stained with hematoxylin.

In situ apoptosis was detected by TUNEL (TdT-me-
diated nick end-labeling) staining with the DeadEnd
Fluorometric TUNEL system (Promega, Madison, WI)
according to the manufacturer’s instructions, to iden-
tify apoptotic cells in situ via specific labeling of nuclear
DNA fragmentation. Quantification was performed us-
ing four mice on each of postoperative days 0, 2 and 4.
The total number of apoptotic cells was determined by
counting the positively stained nuclei in each caput epi-
didymis section [9]. Four sections from each mouse
and 100 total circular tubules per group were processed.

Western blotting

Western blots were performed as previously reported
[24]. Total protein (10 pg/lane) from each epididymal
region including spermatozoa was subjected to SDS-
polyacrylamide gel electrophoresis using 15% gels
(Perfect NT Gel, DRC, Japan). Proteins were electro-
phoretically transferred to polyvinylidene difluoride
membranes (Bio-Rad, Hercules, CA) and blocked with
5% non-fat milk in TBS-T (50 mM Tris base, pH 7.5,
150 mM NaCl, 0.1% (w/v) Tween-20). The membranes
were incubated individually with primary antibodies to
monoubiquitin (1:1,000; u5379, Sigma-Aldrich, St.
Louis, MO), UCH-L1 and UCH-L3 (1:1,000 dilution;
anti-peptide antibodies [24]), p53, Bax, and Bcl-xL
(1:1,000 dilution; all from Cell Signaling Technology,
Beverly, MA), and Bel-2 (1:500; Transduction Labora-
tories, Franklin Lakes, NJ).
incubated with peroxidase-conjugated goat anti-mouse
IgG or goat anti-rabbit IgG (1:5,000 dilution; Pierce,
Rockford, IL) for 1 h at room temperature.
Immunoreactions were visualized using SuperSignal
West Dura Extended Duration Substrate (Pierce) and
analyzed using a Chemilmager (Alpha Innotech, San
Leandro, CA). Each protein level was normalized to
o-tubulin following analysis with a Chemilmager us-

Blots were further

ing AlphaEase software.

Statistical analysis

The mean and standard deviation were calculated for
all data (presented as mean £ SD). Student’s :-test was
used for statistical analysis.

Fig. 1. A: Diagram of the epididymis. B-D: Morphology of the
caput (B), corpus (C) and cauda (D) epididymidis from a
wild-type mouse. Magnification, 200x. Scale bar, 40 um.

Results

Levels of UCH-LI and UCH-L3 in individual epididy-
mal regions

The epididymis is a single long, coiled tubule situ-
ated on the surface of the testis (Fig. 1A). The
epididymal epithelium is composed of four major cell
types, principal cells, basal cells, clear cells and narrow
cells [7], and can be divided anatomically and func-
tionally into three regions, the caput, corpus and cauda
epididymis (Fig. 1B, C, D). We used western blotting
to characterize UCH-LI and UCH-L3 levels along the
epididymis (Fig. 2). In wild-type mice, the level of
UCH-L1 was highest in the caput epididymis and that
of UCH-L3 was highest in the cauda epididymis. UCH-
L1 and UCH-L3 were not observed in gad and Uchl3
knockout mice, respectively (Fig. 2; comparison of
UCH-L1 and UCH-L3 levels with those in wild-type
control mice).

Immunohistochemistry of UCH-LI, UCH-L3 and
ubiquitin in the epididymis

Under light microscopy, granular and diffuse UCH-
L1 and UCH-L3 immunoreactivity was detected in
many epithelial cells of the caput, corpus and cauda
epididymis in wild-type mice (Fig. 3A, C). Granular
immunoreactivity to ubiquitin was seen in the epithe-
lial cells of the epididymis (Fig. 3B). The distribution
of ubiquitin in the corpus and cauda epididymal epithe-
lial cells was similar to that of the caput epididymis,
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Fig. 2. Comparison of UCH-L1 and UCH-L3 expression by western blotting of caput, corpus and cauda epididy-
mis lysates from two wild-type (CBA/RFM and C57BL/6J), gad and Uchl3 knockout mice. Blots were
reprobed for a-tubulin, which was used to normalize the protein load. Images are representative of four
independent experiments.
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Fig. 3. Immunohistochemistry of UCH-L1, UCH-L3, and ubiquitin in the individual epididy-
mal regions of wild-type mice. Each of the protein-positive cells in the caput, corpus and
cauda epididymis is stained by DAB. The insets show that no cells are positive for
UCH-L1 and UCH-L3 in the individual epididymal compartments from gad (A) and
Uchl3 knockout (C) mice, respectively. A: UCH-LI-positive cells. B: Ubiquitin-posi-
tive cells. C: UCH-L3-positive cells. Magnification, 400x. Scale bar, 20 pm.
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Fig. 4. Western blot analyses showing monoubiquitin and apoptotic proteins in the individual epididymal regions.
Total protein (10 g per lane) was prepared from the caput, corpus and cauda epididymidis from two wild-type
(CBA/RFM and C57BL/6]), gad and Uchl3 knockout mice. The blots show the expression levels of
monoubiquitin (A) and apoptotic proteins (p53 and Bax) and antiapoptotic proteins (Bcl-2 and Bcl-xL) (B).
Blots were reprobed for a-tubulin, which was used to normalize the protein load. Images are representative of

four independent experiments.

the ubiquitin staining in these epididymal regions was
less intense (Fig. 3B). Immunoreactivity to both UCH-
L1 and ubiquitin was intense in the caput epididymal
epithelial cells, which was consistent with the expres-
sion level (Fig. 2 and Fig. 4A). Diffuse cytoplasmic
immunoreactivity in the epididymal epithelial cells to
UCH-L3 was intense in the cauda epididymis (Fig. 3C).
As shown previously [24], no UCH-L1 or UCH-L3 im-
munoreactivity was found in the epididymal epithelial
cells of gad and Uchi3 knockout mice, respectively (Fig.
3A, C. inset).

Region-specific localization of ubiquitin and apoptotic
proteins in the caput epididymis

We previously reported that UCH-L1 binds ubiquitin,
and that the level of ubiquitin is decreased in gad mice
[25, 31]. To determine whether UCH-L1 is associated
with the ubiquitin level in the epididymis, we performed
western blot analysis of the individual epididymal re-
gions. The monoubiquitin level was markedly higher
in the caput epididymis than in the corpus and cauda
epididymis, and the low level of monoubiquitin in gad
mice is consistent with our previous report [25] (Fig.
4A). The epididymis of Uchl3 knockout mice did not
show a difference in ubiquitin level compared with the
corresponding wild-type controls.

To explore whether apoptotic phenomenon of sper-
matozoa in the caput epididymis is in accord with the
high expression of apoptotic proteins, we used western
blot analysis to verify the expression levels of p53 and
Bcl-2 family proteins, which are associated with cell
death [12, 28, 29]. The levels of p53 and Bax protein,
considered to be proapoptotic, were strikingly high in
the caput epididymis, consistent with the pattern of the
monoubiquitin level (Fig. 4B). In the gad mouse, the
levels of the antiapoptotic proteins, Bcl-2 and Bel-xL,
were markedly elevated compared in wild-type mice in
the caput epididymis [23] as well as a possible increase
in the corpus and cauda epididymis, whereas the levels
of apoptotic proteins, p53 and Bax, were unchanged
(Fig. 4B). However, we did not detect a difference in
the analyzed protein levels between the epididymis of
Uchl3 knockout and wild-type mice.

Region-specific apoptosis in the epididymis following
unilateral efferent duct ligation

Androgen deprivation by efferent duct ligation in-
duces glandular epithelial cell death via an apoptotic
mechanism [9, 38]. We previously showed that germ
cell apoptosis differs between gad and Uchi3 knockout
mice following cryptorchid injury [25]. To detect
apoptosis in the epididymis following efferent duct li-



40

J. KWON, ET AL.

++ e+ ofe
(CBARFM) gad/gad (C57BLI6S) Uchl3
A
2 days
4 days
B
" 80 safyp +{+(CBARFM) 604 s 4/4(C5TBLIB)
g 2 50 =S gadigad 50 Yo - - Uchl3‘/‘
%f‘; 40 40 ¢
<8 30 30
5L ]
3 5 20 20
£ 10 - 10 1
< Q4 ¥ 1 0 ¥ ¥ v
0 2 4 0 2 4
Days after ligation Days after ligation
Fig. 5. TUNEL staining of apoptotic cells in the caput epididymis following unilateral efferent duct

ligation. A: TUNEL staining in the caput epididymis cross-sections on days 2 and 4 after
ligation. Green fluorescence, TUNEL-positive cells; red fluorescence, nuclei stained with
propidium iodide. Magnification, 200x. Scale bar, 30 um. B: Quantitation of epithelial cell
apoptosis in the caput epididymis following efferent duct ligation. The number of apoptotic
epithelial cells in gad and wild-type mice is shown on the left. Each value represents the mean
+ SD; *P<0.05. The number of apoptotic epithelial cells in Uchl3 knockout and wild-type mice

is shown on the right. Each value represents the mean * SD; *4P<0.01.

gation, we used an in situ TUNEL assay to examine
apoptosis in gad and Uchl3 knockout mice on postop-
erative days 2 and 4 (Fig. 5). After efferent duct
ligation, epithelial cell apoptosis was observed only in
the caput epididymis (mostly the initial segment). The
caput epididymis showed a time-dependent increase in
epithelial cell apoptosis after efferent duct ligation and
epithelial cell apoptosis was found mainly in the prin-
cipal cells (Fig. 5A). Compared with wild-type mice,
the caput epididymis of Uchi3 knockout mice showed a
marked increase in apoptotic epithelial cells on postop-
erative day 2, whereas gad mice resisted efferent
duct-ligated epithelial cell apoptosis (Fig. 5A). By post-
operative day 2, the number of apoptotic cells per 100

tubules increased with statistical significance (**P<0.01,
n=4) in the caput epididymis of Uchl3 knockout mice
as compared with wild-type mice (Fig. 5B). However,
gad mice showed resistance to ligation-induced
apoptosis in the caput epididymis relative to wild-type
mice by postoperative day 4 (*P<0.05, n=4) (Fig. 5B).

Discussion

After leaving the testis via the testicular rete, sper-
matozoa collect in the epididymis, where they undergo
final maturation and storage [2, 36, 37]. During epid-
idymal passage, ubiquitination may trigger apoptotic
mechanisms that recognize and eliminate abnormal sper-
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matozoa, and ubiquitination is believed to play an im-
portant role in controlling sperm quality to ensure the
production of intact, functional spermatozoa {10, 27,
37]. Ubiquitination of abnormal spermatozoa predomi-
nantly occurs in the caput epididymis [37].

Previous studies have shown that two closely-related
UCH isozymes, UCH-L1 and UCH-L3 have distinct
expression patterns during spermatogenesis [24] and
reciprocal functions following cryptorchid injury [25].
We have proposed that UCH-L1 might function as a
regulator of apoptosis. Indeed, UCH-L1-deficient gad
mice are resistant to apoptotic stress {13, 23, 25], and
this apoptotic resistance leads to alterations in sperm
motility and morphology as well as an increased num-
ber of defective spermatozoa in the epididymis of gad
mice [23]. Our present study demonstrated that UCH-
L1 and UCH-L3 have distinct expression patterns along
the epididymis in wild-type mice (Fig. 2). We detected
a high level of UCH-LI in the caput epididymis, the
main maturation organ, whereas the UCH-L3 level was
high in the cauda epididymis, the main storage organ

[10]. These region-specific variations in UCH-L1 and

UCH-L3 level suggest that they have different func-
tions in the epididymis. The regional differentiation of
the epididymis, as suggested by region-specific gene
expression, reflects different luminal environments be-
tween the regions {16, 19].

We also determined the expression pattern/level of
the major component of the proteolytic pathway,
ubiquitin, which has specificity for UCH-L1. UCH-L1
associates with monoubiquitin [31], and the
monoubiquitin level is reduced in gad mice relative to
wild-type mice [25, 31]. Predictably, monoubiquitin
expression pattern showed similar patterns to UCH-L1
and the monoubiquitin level was reduced in the epid-
idymis of gad mice, which had its highest level in the
caput epididymis relative to the corpus or cauda epid-
idymis in wild-type mice (Figs. 3 and 4A). Ubiquitin
induction is important for regulating programmed cell
death, which is a fundamental component of spermato-
genesis [1, 23, 32]. Under specific circumstances, the
caput epididymis contains a high level of ubiquitin,
which may serve to maintain apoptotic mechanisms that
eliminate abnormal spermatozoa [37]. This is consis-
tent with the high levels of apoptotic p53 and Bax
observed in the caput epididymis compared with the
corpus and cauda epididymis (Fig. 4B). Protein p53

and Bax are classically thought to be involved in regu-
lating apoptotic processes, and are targets for
ubiquitination [5, 7, 29, 30]. The role of p53 in medi-
ating apoptosis in the male genital tract has been
demonstrated in several mice lines [28, 29, 42]. How-
ever, p53-independent apoptosis is suggested in the
prostate and seminal vesicles by androgen withdrawal
or in the rat epididymis by deprivation of luminal fac-
tors [3, 11, 14, 38]. Previous studies indicated that
Bcl-2 family proteins are involved in the induction or
prevention of apoptosis [12, 33, 39, 40]. In gad mice,
in the present study, the levels of the antiapoptotic pro-
teins, Bcl-2 and Bel-xL, were markedly increased in
the caput epididymis (Fig. 4B), although there was no
difference in the levels of the apoptotic proteins, p53
and Bax, relative to wild-type mice. The high levels of
Bel-2 and Bcel-xL in the caput epididymis of gad mice
is consistent with a previous report that the percentage
of morphologically abnormal spermatozoa is signifi-
cantly higher in gad mice [23]. Therefore, the variations
of in the levels of Bax, and Bcl-2 and Bcl-xL. combined
in the caput epididymis probably maintain the regula-
tion of apoptosis [4].

Our previous work focused on the reciprocal func-
tions that UCH-L1 and UCH-L3 exhibit, a distinct
feature in testicular germ cells following cryptorchid-
induced apoptosis [25]. To characterize the distinct
functions of UCH-L1 and UCH-L3 in the epididymis,
gad and Uchi3 knockout mice were examined after ef-
ferent duct ligation. The epididymal epithelium of the
two mutant mice showed differences in apoptotic in-
duction following efferent duct ligation (Fig. 5), after
which the circulating androgen level decreases rapidly
as a result of apoptotic cell death [9, 20, 38]. After
duct ligation, the number of apoptotic cells increased in
the caput epididymis of Uchl3 knockout mice com-
pared with wild-type mice, whereas gad mice showed
relative resistance in this regard (Fig. 5B). In gad mice,
the resistance to apoptotic stress can be explained by
the high levels of Bcl-2 and Bcel-xL combined in the
caput epididymis (Fig. 4B). The tissue androgen level
is higher in the caput epididymis than in the corpus or
cauda epididymis {15, 38]; thus, apoptotic cells showed
in the caput epididymis rather than in the corpus and
cauda epididymis following efferent duct ligation.
These results may suggest that UCH-L1 and UCH-L3
have reciprocal functions in the caput epididymis fol-
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lowing apoptotic stress induced by androgen with-
drawal, as was shown with cryptorchid stress [25].

We cannot explain the profound apoptotic phenom-
enon observed in the present study in the caput
epididymis of Uchl3 knockout mice after efferent duct
ligation by the balance of the Bcl-2 family proteins
alone. Although our previous report showed that the
Nedd8 expression level increased in the testis of Uchl3
knockout mice [25], we found no difference in the
present study (data not shown). The mechanism with
regard to the antiapoptotic function of UCH-L3 requires
further study. Our present study demonstrated that
UCH-LI and UCH-L3 have distinct expression levels
along the epididymis as well as reciprocal functions in
response to apoptotic stress induced by androgen with-
drawal.
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Abstract

Inflammation is profoundly involved in the development of Alzheimer’s discase (AD) and other neurodegenerative diseases. Chemokine,
CXC motif, ligand 1 (CXCLI; or GROI) is an inflammatory cylokine and appears (0 be implicated in the pathogenesis of AD. It is of
interest and importance Lo 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 paticnts in a Japancse population; three single nucleotide
polymorphisms {SNPs) in the CXCL/ focus were investigated in 103 AD patients and 130 healthy individuals. The results indicate that neither
genotype frequencics nor aliele frequencies of the cxamined SNPs atlained statistical significance even afler being stratified by the presence
or absence of the Apolipoprotein F ¢4 allele. Therefore, the data presented here suggests that the CXCL]I gene could not be associated with

the susceptibility to AD in a Japanesc population.
© 2005 Elsevier Ireland Lid. All rights reserved.

Keywords: Alzheimer® discase; Chemokine; CXC motif, ligand | (CXCL1), Single nucleotide polymorphisms (SNPs); Association study

Alzheimer’s discase (AD) is a progressive neurodegencrative
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
e4 allele increases the predisposition to AD [10,12,13]. Tt
is likely that other genetic factors besides APOE &4 could
participate in developing AD, and it is of importance and
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nccessary to delermine 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 GROI) 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]. It was further suggested that a chemokine receptor for
CXCL1.CXCR2, was expressed on neurons and was strongly
upregulated inasubpopulation of senile plaques in AD{9.15].
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Table 1
Genotype and allele frequencies of the SNPs in the CXCL/ locus

SNP name (position®) Patients (n=103) Controls (n=130) P OR (95% CI)
1s3117602 Genotype frequency
(75,199,137) c/iC 90 (87.4%) 107 (82.3%) 0.43 1.0
C/IA 13 (12.6%) 22 (16.9%) 0.7 (0.3-1.5)
AlA 0 (0%) 1(0.8%) -
Allele frequency
Callele 93.7% 90.7% 0.25
A allele 6.3% 9.3%
rs4074 Genotype frequency
(75,202,395) G/G 26 (25.2%) 31 (23.8%) 0.95 1.0
G/A 55 (53.4%) 72 (55.4%) 0.9(0.45-1.7)
A/A 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%
rs1429638 Genotype frequency
(75,204,181) C/IC 46 (44.7%) 59 (45.4%) 0.92 1.0
C/IA 51(49.5%) 65 (50.0%) 1.0 (0.6-1.7)
A/A 6 (5.8%) 6 (4.6%) 1.3(0.4-4.2)
Allele frequency
C allele 69.4% 70.2% 0.82
A allele 30.6% 29.8%

* The nucleotide positions arc based on the numbering used in the NCBI public location,

Thesc observations lead to the possibility that the CXCL]
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 ul 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;
1s3117602 (intergenic SNP), C.11820472_1; rs4074 (in-
tron3 SNP), C_2042711.10; rs1429638 (intergenic SNP).

The SNPs cover the CXCL1 gene and the physical distances
between rs3117602 and rs4074 SNPs and between rs4074
and rs 1429638 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 x2-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—contro] 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 CXCL/ gene could not be a major
risk factor conferring the susceptibility to AD at least. We
further examined allelic associations (haplotypes) among the
rs3 117602, rs4074 and rs1429638 SNPs. As a result, strong
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Table 2
Estimated haplotypes and their frequencices

Haplotypes® Paticnts (n=103), Controls (n=130), r
HF (%) HF (%)

C-G-C 51.9 50.5 0.75

C-A-A 29.4 28.9 0.66

C-A-C 12.3 11.4 0.75

A-A-C 5.2 7.5 0.32

HF: haplotype frequency.

 Estimated haplotypes with the rs3117602, 154074 and rs1429638 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 CXCLI 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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BENHD. TOHLDHIC, RNAIOFMIAETIEETHY, TOMBEEERICUETEA LD TETNE LS U, 'g

IEU®HIC

1998 4F, ZASH RNA Heh& 4 5 RIEGH L Bi%
(BPNF RN B R T REOIRE R, 3%
B, RNAF# (RNA interference : RNAi) #%
WBTRAINZY, ZOHRNAIE, BARziZ
Lo, Yaovausx, B4R, FHEGWY,
ZLUTHE S EXEREWM TR Eh AR
HENHRTHBE NP0,
ZUT, 20014F, (LB L 7=/ E g TREH
RNA (small interfering RNA : siRNA) #{# -,
IEEST T OB RNA 2358 T% 3
ZEMRENTHHY, RNAI K, TOREHS
BRI $ 2 7R 2 Bk 22 T <, T0E
IRk (R SRV ToYzc i TENPE N E R APE DAL I G s )
7z. 4H, RNAIZ, MHLBET/ voaoy
Fhe LT EELELMRATTHA ST
5. Zhi, RNAIDOY — & LT, H
W, TUTEMMICLEDEERTS, &
D—HRI & 75 - 7= RNATEEHG & R s g 4 5 7
HIZH, ZORREIEMICIHMIT 5 Z & A2kY)
ThHD., AFETIH, TOFHEEIZOWT, Hi
THFLEN RNAI OFHliE I DV TR 5.

1. WHZLENY RNAI OF#EE

RINAI %550 51
IHELEDY RNAI DR & LT, siRNA &1k
BIFL = RNAITEM S 57, Zhid, RIUHEE

ThE—ry L ETBHA S SIRNA TRk,

FRNFNEL DL ANLODRNANGESHET 5 &
WIEDTH D, BHIOR/MIE, 4=
LB mRNAD ISR T hITEAT R4 Y
O BOREIZEBEDEZEZLNT VD,
BfETIE, siRNABSOETMRFIZKE L hh
Do TNBEELLNTNEY W, LizhisT,
2 =4y b EHETR U TR s RNAL % 525
TE5=I0E, £9, MORNAIGEAEYET 5
&9 75 siRNA THEREFE L i dud a5 s,

ERSPRI 2o %

——— e
< g <
S N -] 'gp =7
.
\ . o J

b Nkl ErILRTz Va0

i
o<>c>
"4 QOQ @@@
26> ooQo 0@@»@0

%0 o
40 %
] 20 :
0 . . 0 P

T~ MISHEDR M LORBRER 1#RE Y ORRE

RNAIBERDO 2~y b+
BETOERE
83888

1@ NSV AT 2o aVEPRNAIFHEICSX 2R

BULYRNAI ZHHE8 T siRNA T8 (1 HilgZ/cDORERE) #MiamIic NS> TT
OvavlleEUTh, ZORSYRATI IV 3 VHEMEVS, -y MEERFOR
MF EDOHEBME DRI FHHEENTUED (TU—bREOENMNI EORERE)
SIRNA ZBHDEATNlRE © . {IEBATNEN2/elidE O TRULTHD

—79 — 200612 R4 AFT & /QI—Jv—F )l 5]



SHTE, BhETALITY XL5MALTHETS
Uy L&k -T, FO&KD % siRNA B %
WEMT A ML LTS MR,

XT, 70X G RNAIEM 4358 5 8
Frv kb o7 siRNAZRGEHREITEX
L LT, EEOHNEATHIE L /2 RNAIZIRA
FETELHE D PREBIIR - TAE T

RENINT T 1 T—H

T
T

SIRNAZ R K

DIV RSN T T

1
bSYX I Gla .

i,

M2 @Iy T xS5—1t - UiR—5—BIGEFZE D RNAI OFHIE

RV D I S—BEBGEFEREDIVAITILY T IS5 UBLFESTENTND
IS5AZ RONA & siRNA ZBAEZMEAICEBA (FSYRAT710Y3Y) 92, 20O
EF, EBICBALSIRNA ZBHOY—5y bEHBILY T 15— ZBETHRNAI
WMROA VT (r—F—THO, HIFANIY FO— - LR—9—BEFELTAE
TND. Farl - WyIrS5—t Py EAVT, BEOYIFINEREL, T
oy b YT IS5—80Y I/ I - - VYT S-EOVIFIVTHIEL,
50, AOMEHREETTEL SIRNA T8 (siControl) ZRAVTIRSNBE LR
LT, RNAIDpRZFHIT 2

*G-PCR (Quantitative-
PCR) &
PCRZEZRAWVWT, ¥—5v
~NDNA BZZ0 PCRIEE
PROSARTDAHE. TR
MBS, RNAIEFEL M
fams RNA ZHIH L, EN
EHRUICYLGEEER
(reverse transcription :
RT) RIGICK 2T ET
cDNAEZ&RKT . RIC,
U7 A LPCRIEREE
BWTY—4'y MNBIEFOR
RBEARTD.

52

& 1 @RNAI FHEIC WS L ik—4 —BInF OIS

b b &V, FITHEEICESDPFHEERTS
B, FMEABICIRIEXERLOND LN, %
DUWIEP 5 KREL 2DIZHTHIENTED,
12, BEAESD S -7y MBIEFEY
(MRNA R & V30 '8) #FMIEELET5850,
&9 120, HEHEOLE— 2 —B{ZT %5l
FIIZT580THD. EBLIILTE, 7,
Sa O ez 2id, siRNA Z &k
EEHOMBOMBAEAR (P72 72
vy a VE) THBH, R, WEMD Y -F
v MEETEDEEENR & UGHHET 2846,
ZOEASHRIIARE S HETS. B TR LD
12, 7= & Z siRNA TR A5 RNAL W1 4 358
FTBEDThH-TE I VAT Y 3 /hEE
DD 572, FOBOFHIE (Q-PCRE*RY
T2av7ay b)) TR EOIEIEIRIE
FELD BELEFMINTLEIOTH S, £
NIZH LT, vR— & —#ETFEHCZEHES
BT, LR—-2-DRBBEICHENHEAND
A, Ll — & —D s F Uk EE A A
THIE, RNAIOWRE+FHIT25 2 &M T
x5,

2. LR—a—@EFERALE RNAI
R O F S
LK — & —#{EF % AL 72 RNAI OFFlIC
i, BREEAHOCGEET 0L, BES

VRS BEROCTEMIT DL S S, HiE

i, Ly 72— EBETFIREINZILEDT
0, %%, GFP (Green fluorescent protein)

LH— 5 —DRR . .
LR- 5T | GHETEAR, me | mmmEl wEw | 5177077 | smmAToORS
GRS T
BERINVE B f 534 4o .
(W27 15— ABREF S &) (>$12887) © © RercgTBL A

st . B ;
Bk IO E S BUBEEI BB
(PP, Dspedzz) | MEREHS CHEY O O | i £ pES) ©

O: 8 OB, 2.7

*

ST
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%> DsRed (Discosoma sp. Red fluorescent protein)
BIZFILREFEENDZEDTHD., ThdORHY
ik, ZhPh—E—E@rd0, ThoaR1 I
FLOTARE, T, R 26825 X517,
Ny 7 29— VBIEFEVE-F -5z
fligkis, FFEL 7= RNAIEYE, ThbbBIEFR
BN RABRICKELTE S/ TERTY
5. T LT, &< OIS OFMES &AW

LTS, Ih»6#%+E, Yoy 7-¥
BIZF % BV - BRR 2 RNAL BRI DWW TR
WD,

Ny 7z 7 — EBIETF % 7z RNAI OFHili%
i, BRIT R LS, 2EEOLY 725 —H
BETFERACTTDONRS, —BNIC, F&A0D
Ly 7 25—+ (Photinus luciferase) &{nTF &
YIVA ALY T 2T~ (Renilla luciferase)
BEFERWEFHISELASFAINTNS,
IO2FEDOLY 72T —¥id, ThEhiEx
LEBIREAD D, THIZX o TRURIER
ThoTHRBEEEL XTI TERETROLY
77— YtEEFEXFLTHET S I &M TE
5, EROERTH, ¥y MbEhia7a7
NNy T 27— E¥ERBY AT LEAOTHE
T2 (E3). 2OXHEFMERTE, WHDL
V7 27— FHBIEFERNAIDOZ 7w b - LK
— 2 —BEF, &2—HKEIV - VK
-8 —-BIRFLLTHEBITS, LT, 27
vy PDVR—Z =T FNEIY FO-LDL
K==V FLTHE (E¥L) $32&T
HEMO/STYFENELL, BREDH T
— A E/BIENTES,

ZOFE Y A7 LDORAKEE LTI, Fi
2D HB. 120k, BEEHELHNWET5E
{ZF 20 UTERET L 72 siRNA — Bk D RNAI R
FIMETABA, £ 121, VR——#&
FEEEF -5y b&T5sRNAZEEEHL
TRNAI RO A N =X L5 BT 5B
&, THITIWMBRE LB L /- siRNA
O RNAi #R % 5Hli§ 2B &IC AT 5 2 & A8
T3, JOMO—ILT, #ifED siRNA & (K

£Y RN T2 5—H x5

HO COOH
\Qs/: /:N]/
N S ;

Beetle Luciferin ATP Mg?*
0,

Coelenterazine

M3@Fa7IL - WoTxS5—F - PyiEADTips

REWIWY TIS—BEOZTVAFTIYTIS5—BlE, TNTNEEERUHNELKD.
FIE (RHIV) & Beetle Luciferin #BE &L, %& (DX 49%4) (& Coelenter-
azine #EBHLTD. COBBERMEODBVNIELD, B-RERAICENSZENLIEEL
TWTH, TNSDOVIFIERBIVTAET D ENTED. EEDOES (Farlb -
Wy 75— Pwviz4) TE, ZEREBOBERSICE>TENZTNOY JFILERE
g5. FY, Beetle Luciferin ®BE & UERIET, RYIILY T 15— EEHERNE
U, ZORESIC, RYWLYT15—EDERERZZE Coelenterazine BEEERA
U, DA 95ILY 75— OESENETS.

i, Beetle Luciferin BEBRORFEETDSL®, RERICHSE TS Coelen-
terazine BERHOBUEANILY T 1 S—UFHICRETDHTERD, AIERPT
BEAEDH<EOHFUSBARUTATTDE, ZORHETYIFILDENREDD, RNAI
SEMEERICHEBTELGLES. MEFMIC, BB+ aOBRERR (FviAB
B BEFEF1DOOF1—TJICAMU, TIHONFTEICENKNTEHS.

e
1.2 — 107
O L
N 1 I
HE A ‘
2B
2% 06 — 10
’é L}i 0.4 L I S % I . % S PR SO S N SR N N O - 103
6 8
1)
= Ry — ’-) - A I — 102
Z
m 0 s S i 1 1 I "
24 48 72 84 96 120 132
RNAIZE#E#Z OB (Rsf)
| O siControl {1} siRNA & #ifa%k

X4 SHEFIETE S RNAI 2RO

YOURAPISHIRRIC, B2 TRUTHEREBWLT ANAI ZEE L, £0%, RNAIDE
DOFEEEFET U, CORBETIE, RV T 1 5—0BEFICHTDEM sIBNA
TEAEFERAULTVS. RNAIZFELT 2 H<SHVIFEUL RNAI IRIREINDN,
FORERESEICE ST, BNAIDRIFRLICHEL LTV, I, siBNABAICK
S THIREAICALY LISEMEY RISC BNA-induced silencing complex) O—fiaZfcb
DD, MREIBITHE>TEITDRHEEISND G 13 KDhE) ™
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A7) T DNASRETORA > b

% Spe | HIBERDHUESIEEAL ST
v M4 1 DNA #EET 2 (HH).
pSICHECK™-1 & psiCHECK™-2 X7 & —
EEFIRIC L Spe 1 B3EECHID B VDT,
COHIBEEFEEE>TA U DNADEA
ENERSFAT IO~ ERBETDHC
ENTES.

f kT THOAREA Y I DNA DE
B, BAT BN 2 —OHBERYINEN

FICAS > EHICHEHT S (BHDFE
Xho 1, Pme I YIMEICE D & D ICERE

LTH3).
B4a—4y b LiR—4—B{EFOER

@+ YUIDNAQOT ==L T
10 X annealing buffer * 11l
ssOligo DNA (100 uM) 1 ul
asOligo DNA (100 uM) 1 ul
ddw 7 ul
Total 10 ut

8o CEEM, 5.

@ERICT 30 DHEHBE.

®>15—ar

pSICHECK™ Vector (Xhol/Pmeli#Ei#®) (10 ug/mi)

dsOligo DNA (P=—UJULzbm)
2 X Ligation Mix (ZwiR> - I—2/)

——!:>l'| Lo TI5—% [ N

ssOligo DNA © 5~ . NNNNNNNNNNNNNNNNNNNNNNNNNNNNN .ACTAGT—a'
asOligo DNA ! 3 ~CNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAATGATCA-5
o
RNAGIE %X b T3 R EEaARASERaEnanEnan
SIRNAZ B £ oo
o

&—4y AU T DNA DERE

Y1 @ 10 x annealing buffer
+ 100 mM Tris-HCI (pH 8.0)
+ 10mM EDTA
+ 1M NaCl

2 ul
1 ul
3 ul

Total

D16 CA > FaN—-Y a3, 305MH.

© MEER

6 ul

@ KET, 20 ul0JM109 Competent Cells (Promega) &5 15— a > RISH

6 pl (&) 2HMNT 3.
@KET30DEA o FaN—-2a.

®42°C, 19EOM 3 v 7%, HEBIOKECT29HEHET 5.

® S.0.C. Medium (Invitrogen) 100 pl% &MY 5.

®BTL—k (100 ug/mI7 X EL U EED) ICHL<.

®37CArHEaN—>ay, F—I—F1 k.

www.yodosha.co.jp/btjournal /



BHIZ L v (boiling miniprep)

DOREGRL = IM109 % LB kit (7EL UL 288) THEE 37C, 47—
IN=—F 1 ).

@1 mIOEEHEE 15mlFa—TI2EY, 13,000 X g T 29E LT 5.

G LEERERE, ALY MI300 ulD STETBHRE 2MMA, FNUTv I XTES
T3,

@BEL BBORICF2—T% 1 0BAN, TOHLFBISKKICRTITHART
(58T 2. ZORTF Y IT, BHEHEF NI EEMIR .

® by FRAE—FT10DEDE L.

® L& (#9200 ul) #HLW1E mIFa—TICBL, 400 plD100 % TR/ —Ib
EMA TR E B

@D by FRAE—FT10 2B D,

® LEEIRE, Ny hEREEZEES.

@50 plDTEIAHET 5.

HIRERICLDF v Y

(B 7V B DFEER)

X 1 X 15

10X\ 77— 1l 15 ut

ddw B ul 90 ul
plasmid solution 3 ul

Spe 1%° (10units/u1) (TaKaRa) 2U 3 ul

Ribonuclease Mix solution (Zwil> - 2—2) 0.2 ut 3 ul
Total 10t

@®37CTLrFaN—-g.

@7HO—-X - FIVERIXE), EBr&eilk> THE.

®Spe ]l CHILENETSIAI KPR F 4T oO—-0THY, P—9T R
DRIEEICED.

L= T AFD TS X ROFER (PEG ES)

OHIB0 ulDRYF 17 - FZX I NBFHEIC1 pld Ribonuclease Mix solution (=
wIR> e U=2) EFRML, BEMEE .

@37 CAFxa~n— 3, 3049H.

@30 pIDPEGHEE EMA, LEMEES.

@k Eic 1 EEBET 5.

®4°C, 14krpm, 15305 0T 3.

® LE#ERE.

@ ~100 ulD 75 % EtOH (47) THW, BEIH 5.

®20 plDTEIRES 5.

@ =7 X2 AERE 13— 20 CTIRET 5.

E2  STETISHERM

+ 8% (wtivol) Sucrose

+ 5% (wtivol) TritonX-100 (¥ /=12
K)FxTFL2 (10) #7F0
JTL NI —5Ib, NP-40 THE])

+ 50 mM EDTA

* 50 mM Tris-HCI, pH 8.0
71 a2 —EA%, 4 CTRET 3.
&7 (“Current Protocols in Molecular
Biology” John Wiley & Sons) Ti4,
FRAMCVVF—LEMAB LI
BoTWdNARLELTH L.

3

BELRF 9 TTHD. BHPFT+H
EHBE, BOBIIKXBEOY / L
DNA EZEMEZ LN 7EN D £~
v hEBR LAWY, LFEORIE
PRD. DL BB, ¥/ L
DNA & F v TH ETE > # U TRY
HU, For-LiBic2B0I R/~
WEMZSD. £/, BEHNETETH
FREBRILEIZENHDDT
EE.

b=
ABEORNAN X v YT —LE D
&, I&/—-VERE, LEBIED
LT, SeTuER .

&6
Spel & Nhel DETIVEIET S &,

X6 PEGBREM
2% RUIFL T Y- 6000

+ 25MNaCl
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2
%
b

Fork#d

0 0.2 0.4 0.6 0.8 1
RNAIC & B82S 7 15—~ Ei@{ETF ORI

H5 @M EE siRNA (Fork-siRNA) ZE{FIC LD RNAI R

SIBNA D7 VFt /A (RNA| DEFIIBENAT 4 T—5—E15% siRNA | JRED
SIANA8) [FZFDOEET, siRNARVAE (KEOD siRNASH) O 37 ks (Rl 5’
ki) [CEANYFRIEFBALP VFEY/ABETP N TEELLIZBD. TDLKD
1 SiRNA Z84&ER BOKRENEULEEED. CDEILTHERDIS, "Fork-siRNA
duplex” &0 fc. BRTIE, MYV 7T S—ERFES—'w b&T D siRNA
TEAOTEIFL Fork W siBNA ZEFEHWVWTZED RNAI YRZAN (B2 05
fiZEFE>T). siRNA TR 3" KBICI AT Yy FZEATDE ANAIRDEHED
T EAERERE N (BERED) . BHLALTEIT, SiRNA Y5 FRIFICEERD
IR YFEBEAUCES, HICBNAIIREMNEDONDCENBRSINE. TNSOER
l&, Fork BYDRZIRIC LD, Fork RSO A RNA, FHD5, siRNAZERDE
FMEABED, FNUCHND RHDSBEMEON SIRNA 80 RISC RELD A BYE
DI=HEEZSND. LI >TEVAMI RRICZ ATV FEEA LGS, 7T
UM SIRNADRISCWDAHFDEED, TOHER, RNAUERDTIESD. BT,
TS RFICS AT Y FEIIEEA LRSS, T A#M siRNADRISC AERDIAH
HBED, FOER, F—5'y NEGFICHT D RNAIPBRIZET IS, TNSDHERD
5, RNAIREEDDEDICIE, VMNIHRELTUFREVABD siRNAZRISCH
[CEDAFEZH 1 DORA MM DEEZOHND (XE 10 KDZE) '

F2ORNAIFHEICAVLWS LIR—F—RT5—

O RNAIFHEIZHV R 4 =5y b - LR — 4 —H
FETOERMIODWTHETL, B4 &E5 T, %&
DLV R-F—BIETEE—7 v PETEHK
SIRNA Z &k % i - 7= RNAI FEM Rz LT
2 B SIRNA “ &K% v 72 RNAI #05R O Z-fif) %
T 5.

3. RNAIFHAilcHIREhd biR—5— -
TS5 AE FOWEEEEOTHH
RNA ICBEMT AN 2 —IC 3 X &b 0
MEHBN, TOKFEIIsIRNA % N THIR
% 780 shRNA (short-hairpin RNA) R~
R=THb. INEONT F—ZDNTS, Kk
O [TEHE - HEEH sIRNA D5 Y 3 ) —EO~@D ]
EBMELCWEAELZLEELT, ZZTHERNA
VB LR -4 — - 7T A3 FIZDNTH
45, FeickiEcielL ki, vik—-g2—
BEEFETATIER, LT —-HiofRE
Nh5 &) BREELEFEICTS8DL, GFP
2 DsRed D &5 HitH s /S0 BEREILTS
LOEIZKAIE NG, FEEEEIL, IhoDRE -
WEDEEFSEELT (K1), ThTho
FEEIZH o LR— 2 —FRFIRT 5 Z &AKY)

AP pGL3 vectors phRL pGL4 luciferase psiCHECK™ vectors WIS INGERBENT 42—
%l vectors reporter vectors pEGFP-N or-C Y U—ZA N4 —,
PicaGene pDsRed2-N1 or -C1~\7 %~
Vector2 e
A—hH— Promega Promega Promega Promega Clontech Laboratories
St
ZyR.
-
LR—5— FEIN JILABYy RN, EEYI | psiCHECK™-t 1 933442474371 | Living Colors Y% /80 H :
BIEF nNo7z5—4 | W7x7—-t SAETNT S 77—t EGFP (enhanced GFP)
(B RE) (B RE) —t (RRE) pSiCHECK™-2 : 732147y 7z DsRed2 (DsRedDZER{F)
T=HEERENNI T T
AT Amp’ Amp’ Amp" Amp" Kan' &Neo'

B - BE | BREMESDAELINTIREN | LY T T —HD | ILASALTIS—HEETIUTR | HADBEESHELIICTR
FLR—4—BEFT, — L | SLANEREE | CTLFIO—So T 9B, BNAI | SN T03. & 5iC, HILEY
RNASIRDBIEICHN S TL . Ky 25590 FK | T2 A0 8—4y ~ LR~ | HRATHRSEESOH D0

ERBLAETIZ Z—REHEICERTIZENTES. CE POARAEDETLR
I RRTE—. psiICHECK™-2iC i, oohO—ibed | —2—@EFEREEL TV 2.
RN 77— ERIEFHEENTND.
HEF - b FaATN TS5 —EEES AT L (Promega) ¥ 7z i3 PicaGene Dual SeaPansy HCPEMEE, FACSH Y
®HRE Luminescence kit (= wiK> « =) K&
WS A—=F—
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THD. &7T, RNAIOWMEFHBIZRHE L 72 x o
% — & UTid, Promega %@ RNAi F5R#e fHL
V715 UR—-4 - 4~ psiCHECK™
vectors b 5. THLDXRZZ—iF, 3L 4
AUy TxI—¥ - LR—4—HEZTFOD3I’
UTRIZVALF 0= 94 b ad 0, fiH
28—y b - LR—8 - BEFEEUTES
LIBT3, X651, psiCHECK™-2 vec-
tor i3 a Y Pa—NEEDBREIAMNY T 2T —
YRIETEEATHSE 2D, 1207523 F

Ry G—FHNTE—=ryrearyio—-Lon

MEABHTEDLDICE-TWS, Jutba
—LESFEIILTEA=T 9y L= — 7
7RAIVNEMFERL, 15 %AW THEIZ RNAL
DOVEMERT, 3T L 72 siRNA @ RNAI )R %
G52 LA TE B, psiCHECK™ vectors BL
N REMBLVE-F-T5IIF -~ 4
—EFR2 B ADTEZFIIL TR &0,

EbHUIC
RNAi i, & H, Wi B(a RS ke
UTHED ER VI A TEL Ll WA B, 2L

Sk, E5IZL L OUME - HRIZFI & hT
W EEZLND. ZDO—HEIGE & -7 RNA 1
WE LPEL<HMES 5201213, siRNA DEFE,
siRNA®D (H il - Mlfk~0) 51Uy - %
U TEEEE L 72 RNAI DGR A B 2R 1 v b
W2 eELL, IhoDFEA v M 2ifEZ,
IR 2 RNAL AR L, KOIZHFZICRLTT
W R E IS .
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