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Figure 6 Repression of serum response clement by mouse cold shock domain protein A (mC 'SDA) in ECs. (a) Effect of mCSDA
plasmid on SRE activity in human aortic endothelial cells (HAEC), human umbilical vein endothelial cell (HUVEC), hLEC and canine
lymphatic endothelial cells (cLEC). GFP plasmid was transfected as control, and hepatocyte growth factor (HGF) plasmid was
transfected as positive control (n=8, * P <0.05 vs control). (b) Effect of mCSDA plasmid with or without fetal bovine serum (FBS) on
HAEC and cLEC, as demonstrated by the SRE assay, ECs were transfected with mCSDA plasmid or GFP plasmid as control and then
cultured in FBS-frec medium (FBS —) or 10% FBS medium (FBS +) (n=8, *P<0.05 vs control). (c) Representative image of gel
tetardation assay for CSDA binding to SRE
dye in intratumor that can selectively stain the lymphatic  intratumoral mjection of patent blue, while m the CSDA
vessels. On the control group tissue of footpad model, the  group, the dye did not drain from tumor for a long period of
lymph node al inguinal region was rapidly stained after time (Figure 9d). Indeed, inguinal lymph node metastasis of
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footpad model was decreased in the CSDA group compared  of lymph node was significantly decreased in the CSDA
with the control group (frequency, control group: 7/11 group compared with the control group (P<0.05;
(63.6%); CSDA group: 1/7 (14.3%)), and luciferase activity Figure 9).
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These data strongly suggested that overexpressed
CSDA repressed the growth and metastasis of LL/2 by
the antiangiogenic and antilymphangiogenic effect.

Discussion

Inhibition of angiogenesis or lymphangiogenesis is a
promising strategy for treatment of cancer, and cancer
cells shed from a primary tumor via two major routes,
blood and lymphatic vessels, to establish distant
metastases. In terms of antiangiogenic or antilymphan-
giogenic therapy, at least three strategies are feasible: (1)
inhibition of the release of angiogenic or lymphangio-
genic molecules from tumor cells, that is, inhibition of
HIF-1: (2) neutralization of angiogenic or lymphangio-
genic molecules that are released from tumors, that is,
anti-VEGF antibody (bevacizumab) (Hurwitz er al.,
2004), VEGF165 aptamer (pegaptanib) (Gragoudas
et al., 2004) and soluble VEGFR-3-Ig fusion protein
(Karpanen er al., 2001) and (3) blockade of the vascular
EC response to angiogenic or lymphangiogenic stimula-
tion, that is, endostatin (O'Reilly er al., 1997), tumstatin
(Sund et al., 2005), vasostatin (Pike er al, 1998) and
vasohibin (Watanabe er al, 2004). Although many
antiangiogenic or -lymphangiogenic agents have been
reported, these agents were limited of the effect because
of a great variety of malignancies. We speculate that
blockade of one molecule in above three strategies is not
enough to fight against cancer cells though antiangio-
genesis and antilymphangiogenesis therapy, because
some cancer cells may overcome the blockade and
rapidly grow. Here, we demonstrate the first report of a
multifunctional gene that represses both angiogenesis
and lymphangiogenesis, which potentially inhibits
VEGF-A promoter activity (Strategy 1) and directly
represses vascular and lymphatic EC proliferation via
repression of SRE activity (Strategy 3).

Negative regulation is an important physiological
mechanism that controls a wide range of phenomena
(Lord, 1988). Folkman (2006) hypothesized that if
tumors produce both stimulators and inhibitors of
angiogenesis, the stimulators (that is, VEGF) could
accumulate in excess of inhibitors within an angiogenic
tumor and emergence of tumor angiogenesis was the
result of a shift in balance between positive and negative
regulators of angiogenesis in a tumor. Thus, the present
study screened an LL/2-derived ¢DNA library to
characterize negative regulators of angiogenesis and
lymphangiogenesis, as LL/2 cells may form hyper-
vascular tumors and induce metastasis.

Cold shock domain proteins (also called Y-box
proteins) repress growth factor and stress response genes
via DNA-binding and non-DNA-binding mechanisms
(Shannon er al, 1997, 2001). CSDA binds to CT-rich
sequences, such as the HRE of the VEGF-A promoter,
which subsequently binds to the HIF-1 transcription
factor and represses the VEGF-A promoter in normoxic
fibroblasts (Coles er al, 2002). This results in the
formation of a CSD protein nuclear complex (Coles
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et al., 1996; Diamond et al., 2001) that may contribute to
antiangiogenesis, In contrast, antilymphangiogenesis may
require modulation of VEGF-C, as VEGF-C is a
commeon growth factor for lymphatic ECs (VEGF-A is
slightly concerned with lymphangiogenesis), and the
VEGF-C promoter does not contain an HRE. Thus,
the present study focused on the SRE as a target CSDA-
binding sequence. As shown in Figure S¢, the ras/ERK
pathway provides a common route by which signals from
different growth [actor receptors converge at a major
regulatory element of the promoters of the c-fos and
other coregulated genes via the SRE (Hill ez al., 1994). By
virtue of its ability to bind to the SRE and compete with
Elk-1, CSDA inhibits VEGF-A and VEGFR-2 signaling
as well as other signaling pathways mediated by various
growth factors, such as VEGF-C, fibroblast growth
factor-2 and HGF (Rikitake er al., 2000; Nakagami et al.,
2001). Indeed, inhibition of SRE activation by CSDA
represses both angiogenesis and lymphangiogenesis.

In conclusion, the present study demonstrated that
gene transfer of CSDA plasmid DNA into ECs repressed
both angiogenesis and lymphangiogenesis in virre and
in vivo. These data may help guide the development
of novel therapeutics to concomitantly inhibit angiogen-
esis and lymphangiogenesis in the context of various
malignancies.

Materials and methods

Cell culture

HAEC, HUVEC and HASMC were maintained as previously
described (Nakagami ef al., 2001). BAEC, BHK-21 and COS-7
were maintained in Dulbecco’s modified Eagle medium
containing 10% FBS, 100Uml~" penicillin and 100 pgml'
streptomycin, Human LEC (neonatal dermis) and cLEC that
were isolated from canine thoracic ducts as previously
described (Saito er al, 2006) were maintained in EBM-2
medium supplemented with 20% FBS and endothelial growth
supplement on 0.1% gelatin-coated culture dishes. Cultures
were incubated at 37°C in a humidified atmosphere of 95%
air-5% CO; with exchange of medium every 2 days. These
cells were used at passages 5-8 for subsequent experimental
protocols, Cells were transfected using Lipofectamine2000
Transfection Reagent (Invitrogen, Carlsbad, CA, USA),

Establishment of LLI2? stable ransfectant expressing luciferase
LL/2 cells were plated into six-well plates and transfected with
4 g per well of pcDNA3. l-luciferase plasmid using Lipofec-
tamine2000 Transfection Reagent (Invitrogen). After 48h of
transfection, the cells were passaged and cultured in medium
supplemented with Geneticin (G418) at 400ugml™' for 4
weeks, Stably transfected clones (LL/2/Luc) were picked and
maintained in medium containing G418 for additional studies.

cDNA library and functional screening using HVI-E

Functional screening of cDNA library using HVI-E vector was
performed as previously described (Nishikawa et al, 2006).
First, cDNA library was made from LL/2 as previously
described (Kobori ef al., 1998), which was amplified once using
the Plasmid Giga Kit (Qiagen, Valencia, CA, USA), and infused
into HVI-E vectors as previously described (Kaneda er al,
2002), Briefly, BHK-21 were seeded on 100-mm dishes and
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Abstract

Sendai virus (hemagglutinating virus of Japan; HVJ) is a negative-strand RNA virus with robust fusion activity, and has been utilized for gene
transfer and drug delivery. Hemagglutinin-neuraminidase (HN) protein on the viral membrane is important for cell fusion, but causes agglutination
of red blood cells. HN-depleted HVJ has been desired for in wivo transfection in order 1o improve safety. Here, we succeeded in producing
HN-depleted HVJ using HN-specific short interfering RNA (siRNA). Viral production was not affected by the siRNA. HN protein was markedly
decreased in the new HVJ, while other viral proteins were retained. Consequently, the hemagglutinating activity was substantially reduced and
infection activity was suppressed. When the HN-depleted HVJ was mixed with cultured cells and the mixture was centrifuged for 10 min at
2000 x g, the modified HVJ recovered its infectivity to approximately 80% of wild HVJ. However, infectivity was abolished in the presence of
anti-F antibody. Moreover, transfection of FITC-labeled oligodeoxynucleatides using the modified HVJ was also recovered by centrifugation.
Thus, the HN-depleted HVJ produced using siRNA technology will be applicable to a delivery vector.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Sendai virus; HV): siRNA: HN; Knock-down; Modification

1. Introduction

Sendai virus (hemagglutinating virus of Japan; HVJ) belongs
to the paramyxovirus family, which has a negative-sense single-
strand RNA genome (Curran and Kolakofsky, 1999; Lamb and
Kolakofsky, 2001). The genome encodes six viral proteins:
nucleocapsid (N), phospho (P), large (L), matrix (M), fusion
(F)and b gglutinin- inidase (HN). Of these, HN and
F are membrane glycoproteins on the HVJ envelope (Okada,
1993; Yeagle, 1993), and M binds to the cytoplasmic domain of
these glycoproteins (Ali and Nayak, 2000; Mottet et al., 1999;
Takimoto et al., 2001).

The F protein is translated as Fy in host cells, and in principle,
Fy is activated in the trans Golgi, ensuring that F1/F is present in
infectious viral progeny. In tissue culture cells lacking the furin-
like protease; however, Fy is not cleaved and the produced virion
is not infectious ( Tashiro et al., 1999). HN binds to sialic acid, its
cell-surface receptor, and neuraminidase to degrade the receptor

* Corresponding author. Tel.: +81 6 6879 3900, fax: +81 6 6879 3909.
E-mail add k day @ gis.med osaks-u.ac jp (Y. Kaneda)

0168-1656/$ - see front manter © 2007 Elsevier B.V. All rights reserved.
0i:10,1016/j.jbiotec.2007.10.003

(Takimoto et al., 2002). Infection starts with the binding of HN 1o
sialic acid and subsequent receptor degradation, F then induces
membrane fusion by inserting its putative fusion peptide into
the lipid bilayer of the cell membrane, facilitating viral genome
introduction into the target cell (Asano and Asano, 1988).

The fusion activity of HVJ has been used to construct novel
drug-delivery vectors. We recently succeeded in incorporating
therapeutic molecules directly into inactivated HVJ particles
without liposomes (Kaneda et al., 2002). The resulting HVJ-
envelope vector (HVI-E) enables delivery of proteins, synthetic
oligonucleotides and drugs, as well as plasmid DNA, to target
cells both in vitro and in vive (Kaneda et al., 2005).

However, one of the limitations of these HVI-derived vectors
is hemagglutination and hemolysis of red blood cells (Inoue et
al., 1985). Hemagglutination occurs when HN protein binds to
sialic acid on the surface of red blood cells (Portner et al., 1987),
while hemolysis is induced by both F and HN (Dallocchio et al.,
1995; Hoekstra and Klappe, 1986). Therefore, regulation of HN
expression on HVJ is necessary to develop less invasive vectors.

In order to address this issue, we report here successful regu-
lation of HN activity on HVJ using HN-specific short interfering
RNA (siRNA).
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2. Materials and methods
2.l. Virus

HV] (VR-105 parainfluenzal Sendai/52, Z strain) was pur-
chased from American Type Culture Collection (Manassas, VA,
USA), amplified in the chorioallantoic fluid of 10-14-day-old
chick eggs, and purified by centrifugation, as described previ-
ously (Kaneda et al., 2002).

2.2. Antibodies

Mouse monoclonal antibody (IgG) against F protein, £236
(Tozawa et al., 1986) was kindly provided by H. Taira (Depart-
ment of Bioscience and Technology, Faculty of Agriculture,
Iwate University, Morioka, Japan),

Rabbit polyclonal antibodies (IgG) against M and HN were
generated by Hokkaido System Science Co. Lid. (Sapporo,
Japan), using peptide antigens of HN and M. The peptide
sequence of HN was 276-VDERTDYSSDGIED-289, and that
of M was 23.LRTGPDKKAIPHIR-36.

2.3, Cell culture

Monkey kidney cells (LLCMK2) were maintained in mini-
mum essential medium (MEM) (Gibco-BRL, Rockville, MD,
USA), and Baby hamster kidney cells (BHK-21) and nor-
mal embryonic mouse liver cells (BNL-CL2) were maintained
in Dulbecco’s modified Eagle's medium (DMEM) (Nacalai
Tesque Inc., Tokyo, Japan). Both MEM and DMEM were
supplemented with 10% fetal bovine serum (FBS) (Biowest,
Nuaillé, France), 100 units/ml penicillin and 0.1 mg/ml strep-
tomycin (Penicillin-Streptomycin Mixed Solution) (Nacalai
Tesque Inc.).

2.4. siRNA synthesis for HN mRNA knock-down

Five siRNAs for HN mRNA knock-down were designed and
synthesized using SMART siRNA Technnlogym at Dharmacon
Research (Dharmacon, Lafayette, CO, USA), Each siRNA (HN-
223,-342,-899,-1142 and -1427) targeted a different sequence:
GCAUUGAACAUGAGCAGCA (HN mRNA nucleotides 223—
241), GAACAAAAACAGCAGGGALU (342-360), GAACUA-
AGUCUCACCGGUA (B899-917), GCGUGAUCAUCCAG-
GUCAA (1142-1160), and GCGUAUACACUGAUGCUUA
(1427-1447). Scramble siRNA for use as a control had a random
sequence (GCGCGCUUUGUAGGAUUCG).

2.5. Transfection of culture cells with siRNA

Synthesized siRNAs were transferred 1o LLCMEK2 cells at
concentrations of 50, 100, 200 or 320 pmol/m! using Lipo-
fectamin Reagem™ (lnvitrogen, California, USA) and Plus
Reagent (Invitrogen), according to the manufacturer’s instruc-
tions.

2.6. Infection of culture cells with HVJ

After washing culture cells (LLCMK2, BHK and BNL-
CL2) with Dulbecco’s phosphate-buffered saline (PBS) (Nacalai
Tesque Inc.), Opti-MEM I (GIBCO™, Invitrogen) containing
different amounts of HVJ was added to the cells in order to deter-
mine the optimum particle numbers (0.06-3.0 particles/cell),
and cells were infected with HVJ for | h under 5% COz a1 37 °C.
The infection medium was then removed, and infected cells were
washed with PBS, followed by incubation in culture medium for
24 h under 5% CO» at 37 °C.

2.7, Isolation of HN-depleted HVJ

LLCMK2 cells transfected with HN-899 or scramble siRNA
at 100 pmol/ml by Lipofectamin Reagent and Plus Reagent
for 24 h, were infected with HV] (1.5 particles/cell) for | h.
Untransfected control cells were subjected to the same pro-
cedure, Infected cells were then cultured in MEM containing
100 units/ml penicillin and 0.1 mg/ml streptomycin for 48 h, and
culture medium was passed through a filter (pore size, 1.2 um).
The supernatant was centrifuged at 100,000 x g for 2h at 4°C
to precipitate HVI particles.

2.8. Quantification of viral genome by RT-PCR

HVI RNA genomes were isolated using the PURESCRIPT®
Cell and Tissue RNA Punfication Trial Kit (Gentra Sys-
tems Inc., Minneapolis, MN, USA). ¢cDNA was synthesized
from the purified HV] RNA genome (about 200ng) using
the SuperSeript™ 111 First Strand Synthesis System (lavitro-
gen). HV] genome (about 250 ng of cDNA) was quantified by
real-time RT-PCR using the TagMan® Universal PCR Mas-
ter Mix (Applied Biosystems Japan Lid., Tokyo, Japan) and
TagMan® MGB Probe (Applied Biosystems Japan Ltd.). The
TagMan MGB Probe (5'-FAM-ATCCACCTAGCAGCTGT-
MGB-3') recognized the L protein coding region of the HVJ
genome.

2.9, Northern blotting

Total RNA was extracted from culture cells using the RNeasy
Mini Kit (Qiagen K.K., Tokyo, Japan). Total RNA (30 ug) was
electrophoresed on a 1% agarose gel (Cambrex Bio Science
Rockland Inc., Rockland, MD, USA), and was transferred to a
Hybond-N+ nylon transfer membrane (Amersham Biosciences
UK Lud., Buckinghamshire, UK). In order to detect HN, F,M and
G3PDH mRNA in the membrane, hybridization was performed
with *2P-labeled cDNA probes using the Random Primers DNA
Labeling System (Invitrogen) in PerfectHyb™ (Toyobo Co.
Lid,, Osaka, Japan).

2.10. Western blotting
HVJ (about 6 x 107 particles) dissolved in sample buffer

(125mM Tris-HCl (pH 6.8), 10% 2-mercaptoethanol, 4%
sodium dodecylsulfate, 10% sucrose, 0.004% bromophenol
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388

blue) were subjected to SDS-PAGE on a 12% gel, and
proteins were transferred to an Immobilon-P Transfer Mem-
brane (Millipore Co, Billerica, MA, USA). After transfer,
the membrane was incubated for 1h with blocking buffer
[5% skim milk (Nacalai Tesque Inc.) in wash buffer (2mM
Tris-HCI (pH 8.0), 342.2mM sodium chloride, 0.05% Tween
20)], followed by incubation for 1h with blocking buffer
containing anti-HN, -F or -M IgG as primary antibodies,
After treatment with primary antibodies, the membrane was
washed with wash buffer and incubated for 1h with block-
ing buffer containing ECL™ anti-rabbit IgG, horseradish
peroxidase-linked whole antibody (from donkey) (Amersham
Biosciences) for HN and M staining, or ECL™ anti-mouse
IgG, horseradish peroxidase-linked whole antibody (from
sheep) (Amersham Bic es) for F staining as secondary
antibodies. The membrane was washed with wash buffer,
and ECL Western Blotting Detection Reagent (Amersham
Biosciences) was used to detect the signals for each pro-
tein.

2.11. Hemagglutinating activity assay

Serial twofold dilutions of a 50-ul HVJ suspension from
LLCMK2 cells untreated or treated with HN-899 siRNA or
scramble siRNA were mixed in 96-well U-bottom plates. A
1% suspension of chick red blood cells (50 ul) was added to
each well, followed by incubation for | h at 4°C. Hemaggluti-
nation in each well was then observed, and the hemagglutinating
titer [hemagglutinating assay unit (HAUYmI] was calculated
(Watanabe and Okada, 1974).

2.12. Measurement of infection ratio

LLCMK2, BHK-21 and BNL-CL2 cells were infected with
cell-derived normal HVJ or HN-depleted HVJ (3 particles/cell),
and incubated for 24 h after infection. Infected cells were fixed
with 4% paraformaldehyde in PBS and treated with 0.1% Tri-
ton X in PBS. After blocking with 5% skim milk in PBS, cells
were Ireated with anti-F monoclonal antibody 236 as a pri-
mary antibody. Cells were then washed with PBS, followed by
treatment with Alexa Fluor 488 goat anti-mouse IgG antibody
(Molecular Probes, Eugene, OR). Infected cells were detected
by immunostaining of F protein synthesized in the cells under
200x magnification, and infection efficiency was calculated
as the ratio of F-positive cells to total cells in a microscopic
field.

2.13. Infection of HN-depleted HVJ and inhibition by
anti-F antibody

LLCMK2 cells were seeded onto 24-well plates
(4 x 10% cells/well) and were incubated under 5% CO: at
37°C. To activate F protein, cell-derived HVJ (normal and
HN-depleted) (7.5 = 10° particles/ml Opti-MEM) was treated
with trypsin (5 pg/ml) for 1h. HN-depleted HV] was then
treated with anti-F serum (including anti-F neutralizing
antibody), preimmune serum or nothing at 37 °C for 30 min.
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Anti-F antibody concentration in the antiserum was approx-
imately 30 pg/ml, and anti-F and preimmune serum was
used at 25 plml. These mixtures of HVJ and serum were
added 1o cultured cells (56.25 x 10° particles/200 pl/well),
which were then centrifuged at 500, 1000 or 2000 x g for
10min at 35°C, followed by incubation under 5% CO;
for 20min at 37°C. An uncentrifuged (1 x g) sample was
also prepared by incubating cells with cell-derived normal
HVI (56.25 x 10° particles/200 pliwell) for 30min at 37°C.
Expression of F protein was analyzed with anti-F antibody at
24 h after infection,

2.14. Transfection of FITC-ODN using HN-depleted HVJ

LLCMK2 cells were seeded onto 24-well plates
(4 % 10% cells/well) and incubated under 5% COz at 37°C.
To inactivate HVJ, an HVJ suspension of 6.0 x 108 virus
particles was irmadiated with UV (99 mi/cm?). Inactivated
HV]J that was unable to replicate is referred 1o as HVIJ-E. In
order to activate F protein, HVI-E (normal and HN-depleted)
(6.0 % 10% particles/ml PBS) was treated with trypsin (5 pg/ml)
for 1h. HVJ-E was then precipitated by centrifugation at
20,000 x g for 10min at 4°C. Supernatant was discarded
and the pellet was re-suspended in 200 ul PBS. FITC-labeled
oligodeoxynucleotides (FITC-ODN) with a randomized
sequence (5'-FITC-TTGCCGTACCTGACTTAGCC-3') was
purchased from Gene Design Inc. (Osaka, Japan), and
was diluted in TE buffer to a concentration of 200 pmol/ul
(Morishita et al., 1997). To ensure that FITC-ODN was enclosed
in HVJ-E (Ito et al., 2005), FITC-ODN (200 pmol/10 ul PBS)
and poly-L-Lysine (Sigma-Aldrich Japan K.K., Tokyo, Japan)
(20 wg/20 ul PBS) were mixed (Flexman et al., 2005) and
incubated for 10min at room temperature. HVJ-E (normal
and HN-depleted) (3 % 107 particles/10 I PBS) and 0.08 pl
Triton X (final 0,2%) were added 1o the mixwre of FITC-ODN
and poly-L-Lysine, which was then incubated for Smin on
ice. As a negative control, the mixture without HVI-E was
prepared. The mixture was centrifuged at 18,500 g for
Smin at 4°C, the supernatant was discarded and the pellet
was re-suspended in 200 ! Opti-MEM. The suspension of
HN-depleted HVJ-E containing FITC-ODN was added to
cultured cells (3 x 107 particles/200 pl/well), which were
then centrifuged at 2000 x g for 10min at 35°C, followed
by incubation under 5% CO; for 50min at 37°C. An uncen-
irifuged (1 % g) sample was also prepared by incubating cells
with cell-derived normal HVIJ-E and HN-depleted HVI-E
(3 x 107 particles/200 pl/well) for 60min at 37°C. After
incubation, HV]-E-reated cells were washed with PBS and
added to culture medium, after which FITC in the cells was
observed at 2 h after introduction.

3. Results

We hypothesized that when cells receiving HN-specific
siRNA were infected with wild-type HVIJ, viral produc-
tion would be normal, despite the inhibited HN produc-
tion.
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3.1. Functional analysis of HN-siRNA

Five different siRNAs were evaluated for their suppression
of HN mRNA (Fig. 1A). These siRNAs (HN-223, -342, -899, -
1142, -1427) or scramble siRNA were introduced into LLCMK2
cells at 200 pmol/ml, and the cells were then infected with HV)
(0.06 particles/cell) after 24 h. HN mRNA after infection was
detected by Northern blotting, and the lowest HN mRNA levels
were obtained with HN-899 siRNA (HN-899).

We then optimized the timing of HVJ infection. After the
introduction of HN-899 at 100 pmol/ml into LLCMK2 cells,
cells were infected with HVJ (0.06 particles/cell) at 12, 24,48 or
72 h after siRNA introduction, and HN mRNA at 24 h after infec-
tion was detected by Northern blotting, As shown in Fig. 1B,
the largest inhibition of HN mRNA was obtained at 24 h after
siRNA delivery; production subsequently increased. The most
effective concentration of HN-899 was also optimized by intro-
ducing different concentrations of HN-899 (50, 100, 200 and
320 pmol/ml), and the ideal range was found to be from 100 to
200 pmol/ml (data not shown).

3.2, Specificity of HN mRNA knock-down effect by
HN-siRNA

In order to investigate the specificity of HN mRNA knock-
down by HN-899, levels of HN, F and M mRNA in cells
treated with HN-899 at 100 pmol/ml and infected with HVJ
(0.06 particles/cell) 24 h after siRNA treatment were analyzed
by Northern blotting (Fig. 1C). Although HN mRNA levels
decreased markedly, F and M mRNA levels were higher than
those of scramble-siRNA-treated cells.

3.3. Protein constitution and function of HVJ derived from
HN-siRNA-treated cells

We investigated the protein constitution and function of HVJ
generated by HN-siRNA-treated cells. LLCMK2 cells was trans-
fected with HN-899, and then infected with HVJ at 24 h after
transfection. HV] produced from the cells were then collected
from culture medium at 48 h after infection, and proteins (HN,
F and M) were detected by Western blotting. As seen in Fig. 2A,
the amount of HN decreased markedly, but F and M proteins
increased.

In order to examine whether this increase was a result of more
viral particles or more viral proteins per particle, we calculated
the particle number produced from infected cells. Although we
have previously estimated the HV] particle number by HAU
(Kaneda et al.,, 2002), this estimation was not suitable in HN-
depleted HV], and thus the viral genome was quantified by real
time RT-PCR. We found that the number of viral particles pro-
duced from infected cells increased approximately 10-fold on
introduction of either HN-899 siRNA or scramble siRNA, as
compared with untreated cells. Western blotting was performed
using samples having the same amount of viral genome, which
revealed that the amounts of F and M protein per HVI particle
did not increase compared with untreated cells (data not shown).

Hemagglutinating activity of HVJ samples was then ana-
lyzed by chick erythrocyte hemagglutination assay (Fig. 2B).
HVJ (HN-899-, scramble siRNA-treated or untreated) was
collected from the same number of cells, and HA titer was
measured, In Fig. 2B, the total titer of HVJ produced from
about 1 x 107 infected LLCMK2 cells is shown. HA activity
decreased markedly in HN-899-treated HV], while no inhibition

G3PDH

Fig. I. Selection of optimum siRNA to knock-down HN mRNA. LLCMK2 cells received siRNA HN-223, -342, 899, -1142, - 1427 or scramble siRNA (200 pmol/ml),
and were infected with HV] (0.06 particles/cell) st 24 h after ﬂRNh imrbducuon. Untransfected LLCMK2 cells infected with HV (0,06 particles/cell) were used as
negative controls. (A) HN mRNA in the cells at 24 h after i ion was d d by Northern blotting. HN-899 was found to induce the largest reductions in HN
mRNA. (B) In order to investigate: the optimum infection time of HV after siRNA induction, LLCMK2 cells were infected with HV] at 12, 24, 48 and 72 h after
HN-899 siRNA induction. The op 1 infi time was found to be 24 h. (C) mRNA for HN, F and M in HN-899 siRNA-treated cells was analyzed by Northern
biotting.
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Fig. 2. Protein constitution and function of HV) derived from HN-899 siRNA-treated cells. Untreated cells or cells treated with HN-899 siRNA or scramble siRNA
(100 pmol/ml) were infected with HV (1.5 particles/cell), and progeny HV) were collected from the culture medium after 48 h. (A) Western blots of HN, F and M
protein of HVJ derived (rom untreated- (left), scramble-siRNA-treated (center) and HN-899-treated (right) cells. (B) Hemagglutinating activity assay of HVJ derived
from untreated- (left), scramble-siRNA-treated (center) and HN-899-treated (right) cells, Data represent the means £ 8.D. (n=5). *P<0.05 represents significant
differences between the HN-siRNA treatment groups and controls, (C) Infection efficiency of normal HVJ or HN-depleted HVJ to LLCMK2, BHK-21 and BNL-CL2
cells, as evaluated by F protein expression, Blue dots are nuclei stained with DAPL, and green dots are F protein stained with Alexa 488, Labeled cells were visualized

under 200 magnification

was detected with scramble siRNA. Thus, HVJ with very low
hemagglutinating activity was obtained with HN-899 siRNA
treatment.

3.4. Infection efficiency of HN-depleted HVJ

We investigated the infection efficiencies of cell-derived nor-
mal HVJ and HN-depleted HV] in BHK-21, BNL-CL2 and
LLCMK2 cells (Fig. 4C). Cells were infected with cell-derived
normal HVJ and HN-depleted HVJ (1.5 x 10° particles), and
cells expressing F protein in the cytoplasm were detected by
immunostaining for F protein. In all cell lines, the infection
efficiency of HN-depleted HVJ was much lower than that of
cell-derived normal HVI.

3.5. Fusion ability of HN-depleted HV]

Both HN and F proteins are required for cell fusion (Okada,
1993; Yeagle, 1993), and thus we examined whether HN-
depleted HVJ could fuse with the cell membrane to complete
viral infection. We hypothesized that fusion would occur pro-
vided that F could associate with lipid components in the

membrane. Therefore, to induce its association with the lipid
bilayer, viral infection was attempted both with and without
centrifugation. As shown in Fig, 3A for LLCMK2 cells, HN-
depleted HV] infection, as evaluated by F protein expression,
scarcely occurred without centrifugation (1 x g). However, with
centrifugation (2000 x g), F-positive cells were frequently seen,
Similar recovery of infectivity was observed in BNL-CL2 and
BHK-21 (data not shown). As shown in Fig. 3B, the infection
efficiency of HN-depleted HV] at 1, 500, 1000 and 2000 x g
was approximately 10, 30, 70 and 80% of normal HVJ infection
at | x g, respectively.

We next investigated whether the recovery of viral infection
by centrifugation depended on the F protein in HN-depleted
HVI. Following treatment of HN-depleted HVJ with anti-F
antibody rather than preimmune serum, F-positive cells were
scarcely seen, even after 2000 x g centrifugation (Fig. 3A) and,
as shown in Fig. 3B, infection efficiency was strongly sup-
pressed with anti-F antibody, while with preimmune serum,
the efficiency was almost half of the level without antibody
at all centrifugation speeds tested. These results suggest that
HN-depleted HV] retains its fusion ability derived from the F
protein.
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Fig. 3. Infection of cultured cells with HN-depleted HV). HN-depleted HV) was treated with anti-F neutralizing serum, preimmune serum or PES. HN-depleted
HV] was added to culture cells, and the mixture of cells and viruses was centrifuged at 500, 1000 or 2000 x g; | = g indicates treatment without centrifugation.
{A) F protein expression on LLCMEK2 cells was visualized under 100 ification by il ence microscopy. Blue dots are nuclei stained with DAPI,
and green dots are F protein stained with Alexa 488, (B) Infectivity of HN-depleted HV) relative to that of cell-derived normal HV). Efficiency of infection was
determined by the ratio of F-positive cells to all cells in a microscopic field. The infection efficiency of cell-derived normal HVJ at 1 = g is given as a standard value

significant diff;

ces between the HN-depleted HV ] groups with centrifugation st vanious

Data represent means + 5.0, (n=8). *F<0.05 and **P <001 rep
speeds and without centrifugation.

3.6, Transfection ability of HN-depleted HVJ-E

We found that HN-depleted HV] retains its fusion ability,
but the suitability of HN-depleted HVJ as a delivery vector was
uncertain, Therefore, we attempted to introduce FITC-ODN into
LLCMK2 cells via HN-depleted HV] (Fig. 4). HN-depleted HV]
and cell-derived normal HVJ were inactivated by UV irradia-
tion. Inactivated HVJ that is unable to replicate is referred to as
HVI-E. FITC-ODN was enclosed in HN-depleted HVI-E and
normal HVJ-E, which were then added 1o LLCMK2 cells, The
ransfection efficiency of HN-depleted HVJ-E was lower than
that of normal HVJ-E, as well as their infection efficiency, but
was recovered with 2000 x g centrifugation (Fig. 4A and C).
However, FITC-ODN was hardly introduced without HVJ-E at
2000 x g (Fig. 4C). Both normal HVI-E and HN-depleted HVJ-
E could introduce FITC-ODN into the cultured cells (Fig. 4B).
These results suggest that HN-depleted HV] is suitable for use
as a delivery vector.

4. Discussion

We demonstrated the functional modification of HN activity
on HVI via a siRNA-mediated strategy.

We identified siRNA HN-899 as being able to inhibit HN
mRNA after HVI infection. Other siRNAs had some inhibitory
effect on HN mRNA production, but the effect was less pro-
nounced than when using HN-899. However, the inhibitory
effects were transient (Fig. 1B), and the timing of HVJ infection

after siRNA delivery was critical for effective inhibition. High
and continuous production of mRNAs for viral proteins in HVJ-
infected cells is apparently beyond the ability of RISC-mediated
degradation of target mRNA by a single introduction of syn-
thetic siRNA. To continue the inhibition of HN mRNA, stable
expression of interfering RNA will be necessary. However, we
have isolated stable transformants expressing interfering RNA
containing the HN-899 sequence using a hairpin-type siRNA-
producing plasmid (Brummelkamp et al., 2002).

Using HN-siRNA, HN protein was reduced markedly 24 h
after HV] infection (Fig. 2A), while F and M proteins increased
as a result of elevated viral particle production rather than an
increase in viral proteins per viral particle. These results sug-
gest that reatment with HN-899 siRNA influences neither the
viral protein contents of the new HVI particles nor viral bud-
ding from HVJ-infected cells. We think that this method of
virus modification is applicable to other envelope viruses, unless
the effects of siRNA affect virus budding. However, it is likely
that double-stranded short RNA increases the production of
viral mRNA in HVI-infected cells in a sequence-independent
manner, as the mRNA of F and M also increased after the
introduction of scramble siRNA. Therefore, a RISC-siRNA
complex may accelerate the function of viral RNA-dependent
RNA polymerase. Although the mechanism of the effects
of siRNA on viral RNA production remains unknown, this
method may be utilized for mass production of HVJ in cul-
tured cells, It is necessary to test this phenomenon in other
VIruses.
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Fig. 4. Transfection of cultured cells with FITC-ODN using HN-depleted HVJ. HN-depleted HV] and cell-derived normal HV ] were inactivated by UV irmadiation
(99 mifem?), and FITC-ODN was enclosed in them. HVJ-E containing FITC-ODN was added to culture cells, and (A) the transfected FITC-ODN was visualized under
100x magnification and (B) the intracellular localization of transfected FITC-ODN was visualized under 600 magnification by immunofluorescence microscopy
The mixture of cells and HN-depleted HVJ-E was centrifuged st 2000 x g, and FITC-ODN was visualized. Blue dots are nuclei stained with DAFI, and green dots
are FITC-ODN. (C) Transfection efficiency of HN-depleted HVI-E relative 10 that of cell-derived normal HV)-E. Efficiency of transfection was determined by the
niimber of dots of FITC in a microscopic field. The transfection efficiency of cell-derived normal HVJ at | x g is presented as a standard value Data represent
means + §.D. (n=8). **P<0.01 represents significant differences between the HN-depleted HVJ-E centrifuged at 2000 x g and uncentrifuged HN-depleted HVJ-E
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As expected, HN-depleted HVJ showed much lower hemag-
glutinating activity than wild-type HVJ, and we confirmed that
viral infectivity was greatly antenuated without HN (Tanabayashi
and Compans, 1996). We hypothesized that viral infection would
be recovered when conditions were suitable for F to associate
with the lipid bilayer of the cell membrane, as seen in the fusion
of HVI] with liposomes (Mizuguchi et al., 1999). To test this,
we attempted to infect cells with HN-depleted HVJ by cen-
trifugation. Expression of F protein, an indicator of infectivity,
increased with centrifugation speed, reaching approximately
B0% of the infection efficiency of wild-type HVJ at 2000 x g,
This increased infectivity was completely abrogated by preincu-
bation with anti-F antibody. With preimmune serum, infectivity
was approximately half that without serum. This inhibition
might be due to the instability of HVJ in the presence of serum
(Mima et al., 2005).

We also attempted the transfection of culture cells using HN-
depleted HVJ-E in order to confirm that the modified HVJ-E is
suitable for use as a delivery vector. Similarly to the infection
test, the transfection efficiency of HN-depleted HVJ-E was lower
than that of normal HVJ-E, but was recovered by 2000 x g cen-
trifugation. Therefore, we believe that HN-depleted HVJ could
be applied as a delivery vector.

However, centrifugation is obviously impractical for HN-
depleted HVI-based vectors, particularly for in vivo gene
transfer or drug delivery, and thus we recently developed
HVJ containing a tissue-targeting molecule on the envelope
(Kawachi et al,, 2007). A recombinant tissue-targeting pro-
tein was fused to the extracellular region of F protein by
genetic engineenng techniques. Cells expressing the recombi-
nant protein were transfected with siRNA and infected with
HVI], and cell-derived HVI containing the recombinant tar-
geting protein and little HN was generated. When HN was
depleted in the targeting HVJ using HN-899 siRNA, infec-
tion occurred normally at the cells recognized by the targeting
molecule (Shimbo et al., 2007). This is consistent with a pre-
vious report, in which targeted delivery of oligonucleotides
was achieved using antibody-conjugated HVI-liposomes with-
out being affected by HN protein (Tomita et al., 2002). Based
on these results, the binding of HVJ to the cell membrane
followed by endocytotic uptake may replace centrifugation
to achieve normal infection of HN-depleted HVJ. Therefore,
the use of tissue-targeting molecules will enable HN-depleted
HVJ-based vectors 1o deliver therapeutic molecules to target
cells.

Acknowledgments

This work was supported by grants from the Ministry of
Health, Labour and Welfare and the Minisiry of Economy, Trade
and Industry of Japan,

References

Ali, A, Nayak, D.P.,, 2000, Assembly of Sendai virus: Mprmnmﬂnmlmh
F and HN proteins and with the ic tail and
of F protein. Virology 276, 289-303.

Asano, K., Asano, A.. 1988 Binding of cholesterol and inhibitory peptide deriva-
tives with the fi i F-gly in of HV)
(Sendai virus): pmihh amphcﬂm in the I‘moa reaction. Biochemistry 27,
1321-1329.

B Ikamp, T.R., B ds, R., Agami, R., 2002. A system for stable expres-
sion of short interfering RNAs in cells. Sci 296, 550-353.

Curran, J., Kolakofsky, D., 1999, Replication of paramyxoviruses. Adv. Virus
Res. 54,403-422.

Dallocchio, F., Tomasi, M., Bellini, T.. 1995. Activation of the Sendai virus
fusion protein by receptor binding. Biochem. Biophys. Res. Commun. 208,
3641,

Flexman, 1A, Kim, Y., Miyoshi, 5., Lewellen, B L., Cross, D)., Minoshima, §.,
2005. A viral envelope as a vehicle for tracer, drug, and gene delivery: Initial
biodistribution study using PET imaging. Confl. Proc. IEEE Eng. Med. Biol.
Soc. 1, 193-796,

Hoekstra, D, Klappe, K., 1986, Sendai virus—erythrocyte membrane interaction:
quantitative and kinetic analysis of viral binding, dissociation, and fusion.
1. Virol. 58, B7-95.

Inoue, )., Nojima, S., Inove, K., 1985. The activity of membranes reconsti-
tuted from HVJ envelope proteins and lipids to induce hemolysis and fusion
between liposomes and erythrocytes. Blochim. Blophys. Acta 816, 321
331

Ito, M., Yamamoto, 8., Nimura, K., Hirnoka, K., Tamai, K., Kaneda, Y., 2005.
Rud51 siRNA delivered by HVJ envelope vector enhances the anti-cancer
nffudo!crsplnht.l Gene Med. 7, 10441052

Kaneds, Y., T, Nish T. Yi S., Ikegami, H., Suzuki,
N. Nahnlura. H., Morishita, R., Kotani, H., 2002. Hemagglutinating virus

of Japan (HVI) lope vector as a gene delivery sysiem, Mol,
Ther. 6, 219-226.
Kaneda. Y., Yi 5., Nakajima, T., 2005. D of HV] enve-

lope vector and its application to gene therapy. Adv. Genet. 53, 307-
3

Kawachi, M., Tamai, K., Saga, K., Yamazaki, T., Fujits, H.. Shimbo, T.. Kikuchi,
Y.. Nimura, K., Nishifuji, K., Amagai, M., Uino, 1., Kaneda, Y., 2007, Devel-
opment of tissue-targeting hemagglutinating virus of Japan envelope vector
for successful delivery of therapeutic gene 10 mouse skin, Hum Gene Ther.
18, BBI-894,

Lamb, R_A., Kolakofsky, D., 2001. Paramyxoviridae: the viruses and their repli-
cation. In: Knipe. D.M., Howley, M. (Eds. ), Fields Virology, Philadelphia,
pp. 1305-1340.

Mima, H., Tomoshige, R., Kanamori, T,, Thbun.\’ Yamamoto, §., Ito, S,
Tamai, K., Kaneda, Y., 2005, Bi le polymer the in vitro
Indinvhomsfocﬁuneﬂidmcyoﬂ{wmbpew! Gene Med. 7,
388-897

Mi i, H., Nak i, T., Kondoh, M., N T., Nak i, M., Mat-
:uym‘l' Tsutsumi, Y., Nakagawa, S., Miynmi T., 1999, Fusion of Sendai
virus with liposome depends on only F protein, but not HN protein. Virus
Res. 59, 191-201.

Morishita, R., Sugimoto, T, Aoki, M., Kida. 1., Tomita, N.. Moriguchi, A..
Maeda, K., Sawa, Y.. Kaneda, Y., Higaki, J., Ogihara, T.. 1997. In vivo
transfection of cis elmu “decoy™ against nuclear factor-kappaB binding
site p farction. Nat. Med. 3, 894-§99.

Mottet, G., Mnlm V., Rous, L., 1999, Chamcterization of Sendal virus M
protein mutants that can partially interfere with virus panicle production. J.
Gen. Virol, 80 (P1 11), 2977-2986.

Okada, Y., 1993. Sendai virus-induced cell fusion. Methods Enzymol. 221,
18-41.

Portner, A, Scroggs, R.A., Metzger, D.W., 1987, Distinct functions of antigenic
sites of the HN glycoprotein of Sendai virus. Virology 158, 61-68.

Shimbo, T., Kawachi, M., Saga, K., Fujita, H , Yamazaki, T, ‘l‘In'm.K Kaneda,
Y., 2007. Develoy of a e ng HVJ-E vector.
Biochem. Biophys. Res. Comm. 364, 433—428

Takimoto, T., Murti, K.G., Bousse, T.. Scroggs, R.A,, Portner, A., 2001. Role
of matrix and fusion proteins in budding of Sendai virus. J. Virol. 75,
11384-11391.

Takimoto, T. Tayloe, G.L., Connaris, H.C., Crennell, S.J., Pormer, A., 2002,
Role of the hemagglutinin-neuraminidase protein in the mechanism of

cell b fusion. ). Virol. 76, 13028-13033.

L Y



394 K. Saga et al. / Journal of Biotechnology 133 (2008) 386-394

Tanabayashi, K., Compans, R W., 1996. Functional i f paramyxovirus

glycoproteins: identification of a domain in Sendai virus HN which promotes
cell fusion. J. Virol. 70, 6112-6118.

Tashiro, M., McQueen, N.L., Seto, J.T., 1999. Determinants of organ tropism of
Sendai virus. Front. Biosci. 4, D642-D645.

Tomita, N.. Morishita, R.. Yamamoto, K., Higaki, J., Dzau, VJ., Ogihara, T,
Kaneda, Y., 2002, Targeted gene therapy for rat glomerulonephritis using
HVIJ-immunoliposomes. J. Gene Med. 4, $27-535.

Tozawa. H.. Komatsu, H.. Ohkata, K.. Nakajima. T., Watanabe, M., Tanaka, Y.,
Arifuku, M., 1986, Neutralizing activity of the antibodies against two kinds
of envelope glycoproteins of Sendai virus. Arch. Virol. 91, 145-161.

Watanabe, K., Okada, Y., 1974, amntﬂdhw“fﬂvlm
viml}in\ul:mc hilh itivity and prod: y in

brane of chick embryos. Biken. J. 17, s:ﬂ

Yﬂcle.P.L 1993. The Fusion of Seadai Virus, CRC Press Inc., London.

_Tg_



K Nakajima et al.
tdentification of the Splice Variant Skn-Tn

suggested that opsin is expressed in the
epidermis (data not shown).

Although the mechanisms involved
have not been clarified, our findings
indicate that visible light exerts wave-
length-dependent effects upon epider-
mal barrier homeostasis.

MATERIALS AND METHODS
Materials

All experiments were performed on 7- to 10-
week-old male hairless mice (HR-1, Hoshi-
no, Japan). All procedures in the measure-
ment of skin barrier function, disruption of
the barrier, and application of test sample
were camied out under anesthesia. All
experiments were approved by the Animal
Research Committee of the Shiseida
Research Center in accordance with the
Mational Research Council Guide (National
Research Council, 1996},

Visible light radiation

To obtain radiation of each wavelength
range, we used arrays of 50 light-emitting
diodes (Nakamura 1998) (lamp type 5mm
series, Nichia, Tokushima, Japan). The power
level was set at 20W (W = joules of energy
per second) with a variable resistor. Radiation
was applied for 1 hour from the light-emitting
diodes placed at 5 cm from the surface of the
skin or skin section, immediately after barrier
disruption by tape stripping (Denda et al,
1998). During the radiation, the temperature
al the surface of the skin or skin section was
kept at 37°C by the use of a heat pad.

Cutaneous barrier function
Permeability barrier function was evaluated
by measurement of transepidermal water

loss with an electric water analyzer (Meeco,
Warrington, PA) as described previously
(Denda et al., 2007).

Organ culture study

Immediately after euthanasia of hairless
mice hy pentobarbital application, flank
skin (2 x 2cm) was taken and the barrier
was disrupted by acetone treatment as
previously described (Denda et al. 1998).
Then the skin sections were incubated with
DMEM (Cellgro Mediatech, Herndon, VA) at
37°C under different conditions of light
exposure for 1hour. At the end of the
incubation, the transepidermal water loss
was evaluated and tissue was taken for
electron-microscopic study.

Electron-microscopic study

Full-thickness skin samples for electron mi-
croscopy were cut into pieces (<05 mm’)
and fixed overnight in modified Kamovsky's
fixative. They were then post-fixed in 2%
aqueous osmium tetroxide or 0.2% ruthe-
nium tetroxide as described previously (Den-
da et al, 1998). Parameters were evaluated
from photographs of randomly selected sec-
tions at a constant magnification, using
computer software (NIH Image).

Reverse transcription-PCR assays

We used four mice for the assay. Epidermis
of the skin tissue was removed by incuba-
tion in a 10mm EDTA phosphate-buffered
saline solution at 37°C for 30min and
total RNA  was isolated by ISOGEN
{Wako, Osaka, Japan), containing phenal
and guanidine thiocyanate, according to the
manufacturer’s instructions. The resulting
pellet was suspended in 10 ul of water,

and 2yl was analyzed by PCR. For opsin5
analysis, primer 1 (AGTCTGTGATCTGGGG
ATATCAGG region 228-402, 175 bp) and
primer 2 (ACAGAT CTTCAG ATA GCGG
TCCAG region 228-377, 150 bp)

Statistics
Results are expressed as the mean:SD.
The statistical significance of differences
were determined by analysis of variance
with Fisher's protected least significant
difference.
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TO THE EDITOR
POU domain transcription factors are a
superfamily of homeodomain proteins

that regulate cell differentiation and
proliferation (Scholer, 1991; Wegner
et al, 1993) in a promoter-dependent

Abbreviations: RT-PCR, reverse transcription-PCR; NHEK. normal human epidermal keratinocyte
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and cell type-specific manner, Three
POU proteins, Oct-1, Oct-6, and
Skn-1a, are known to be expressed in
the epidermis. Among them, the Skn-1a
gene is primarily, if not exclusively,
expressed in the epidermis (Andersen



et al., 1993). Previous in vitro studies
demonstrated that Skn-1a binds to and
transactivates the promoter regions of
keratinocyte genes involved in epider-
mal differentiation, such as human
keratin 10 {Andersen et al., 1993) and
SPRR-2A (Fischer et al, 1996), Thus,
Skn-1a appears to regulate, both tem-
porally and spatially, the expression of
keratinocyte-specific genes during dif-
ferentiation, playing a role in the
development and differentiation of the
epidermis. In this study, we provide
early evidence for an alternative splice
variant Skn-1n that is induced by high
calcium concentration and specifically
expressed in normal human epidermal
keratinoc ytes.

To determine the 5 end of Skn-1a
mRNA, 5 rapid amplification of cDNA
ends PCR was performed and two
bands of PCR product in the
300-400 bp range were noted (Figure 1).
The shorter rapid amplification of
cDNA ends product was specifically
shown to contain the 5 end of Skn-1a
c¢DNA by direct sequence. Sequencing
of the longer rapid amplification of
cDNA ends product revealed that there
was a 112-bp insertion in the cDNA
sequence when compared with the
published human Skn-1a cDNA se-
quence (GenBank accession no.
AF162278, Figure 1h). This cDNA
clone, designated as Skn-1n, contained
two in-frame translational start sites,

K Nakajima et al.
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one at nucleotide position ~124 (distal
ATG codon) and the other at the
position 1 (proximal ATG codon).
However, the use of the distal ATG
codon in Skn-1n created a termination
codon at 42, while if the proximal
ATG codon was used, it is predicted to
create an open-reading frame of 432
amino acids. Reverse transcription-PCR
(RT-PCR} was used to clone the
full-length human Skn-1n cDNA, Com-
parison of open-reading frame of both
Skn-1n and Skn-1a revealed that the
deduced N-terminus of Skn-1n was
shorter than the N-terminus of Skn-1a
by four amino-acid residues, while
downstream of the N-terminus of Skn-
In the sequences were identical with

GGUCCCGCCTUGUGCAGUATGOTGAATCTOGAGTUCATOCA
M V NL E S MH
CACAG | ATCCCAAAGGAAACGAGTGTTGGAAATGGGAAGTG
T [DFP K GNECW KWE V
-61 TCCCCTCCACCCOCTTGTTAAATTTTITACCAACTGAGTCC
S PP P P C s
-21 | TGGTGATAGAAGCAAGTGGCCATGAATGATGCAAAAG ATA
M N D A K 1]
-20 TCAAGATGAGTGGGGATUTAGCCGATTCCACGGATGCTCG
I KM §G DV AD S TDA R

€ Gene and cONA

Sinv1a cONA [T

Exon 1 .= Exonin . Exon2

5727 250 (bp)

d N-terminal aming acids
Skn-1a

Skne1n MNDAKDIKMSGDV.....

Figure 1. Identification of a splice variant Skn-1n. (a) 5'Rapid amplification of cONA ends of human Skn-1a was perdormed using 5 -rapid amplification of
cDNA ends System for Rapid Amplification of cONA Ends, Version 2.0 (Life Technologles, Gaithersburg, MD) according to the instruction manual. The Skn-1a
cDNA was reverse tramscribed from 1 g total NHEK RNA using a gene-specific primer (5'-GAGACCGCTTTGTTGCTGTG-3') comesponding to position 503-527
of the Skn-1a mRNA, and subjected to PCR. Using the PCR products, the secondary PCR with the supplied anchor primer and nested gene-specific primer
(5"-GGTTTCCGGACATCATGGCAGGTCCTT-1') was performed. The PCR products were sep. d by 1.5% agai gel electrophoresis and visualized with
ethidium bromide. The major two bands were indicated by armows, M, molecular weight marker, (b To isolate a full-length Skn-1n clone, we performed RT-PCR
using total RNA prepared from NHEK. The resultant cONA was amplified with pimer pairs specific for Skn-1n: sense primes [5"-COAGTGTTGGAAATG
GGAAGT-3') and antiserse primer (5" AAMATGGGGTCAGATGAAGAT-3'), followed by the secondary PCR with nested sense primer (5-CTGAGTCCTGG
TCATAGAAGC-3') and nested antisense primer (5"-AGCAAGCTCAAAATCOTAAGC-3'). The PCR products were subcloned and sequenced with a DNA
analyzer, Numbers to the lelt of each row of the nucleotide sequence refer to the nucleotide position. The distal ATG codon (al nucleotide position —124) is
underlined and the proximal ATG codon iat nucleotide position + 1) is double underlined. Asterisk, a termination codon (TAA) at nucleotide position —42. The
alternatively spliced exon 1n is boxed. (c) The human Skn-1a genomic organization is depicted schematically with the exon shown as boxes and the intron
shown as hori zontal lines. The exon Tn is shown as a hatched box. id) Comp of deduced amino-acid sequences of Skn-1a and Skn-1n. The differences in
the amino-terminal sequences of the two proteins are highlighted by underlining.
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that of Skn-1a (Figure 1b and d).
Comparison of the Skn-1a and Skn-1n
cDNA sequences with those in the
genomic DNA revealed that the 112-
bp insert detected in Skn-1n 1s encoded
by sequences embedded within the
intron 1 (Figure 1c). The exon within
the Skn-1a gene is designated as exon
In (Figure 1c). Thus, Skn-1n is an
alternative splice variant resulting in
generation of a protein different of
Skn-1a due to utilization of a different
translation initiation codon (Figure 1b
and c). This variant is distinct from the
previously identified Skn-1 isoforms,
the human Skn1d1 and Skn1d2 (Cabral
et al, 2003) and the mouse Skn-1i
(Andersen et al., 1993).

Both Skn-1a and Skn-1n transcripts
were specifically expressed in normal
human epidermal keratinocytes (NHEK),
but not detected in the immortalized
human keratinocytes HaCaT, or in the
selected cell lines (Figure 2a). The
absence of Skn-1a expression in HaCaT
is in agreement with the previous
data (Hildesheim et al, 1999). This
keratinocyte cell line is known to main-
tain some characteristics of the terminal
differentiation of epidermis, such as
keratinization and involucrin induction.
Interestingly, Skn-1a knockout mice do
not exhibit obvious phenotypic changes
in the skin (Andersen et al, 1997). These
findings suggest that Skn-1 is not pre-
requisite for the terminal differentiation
of epidermal keratinocytes and that
there are compensatory POU molecules
for coordinated differentiation of the
epidermis. Indeed, double knockout of
Skn-1a and Oct-6, another POU mem-
ber expressed in the skin, resulted in
abnormal differentiation and wound
healing of the epidermis (Andersen
et al., 1997). Semiquantitative RT-PCR
analysis showed that the relative amount
of Skn-1a mRNA was higher than that of
Skn-1n, implying that the former is
predominately expressed in NHEK (Fig-
ure 2b). In NHEK cultured with the high
calcium concentrations for 48 hours, the
level of Skn-1a expression was approxi-
mately 25-fold higher than that in cells
with low calcium (Figure 2c, upper
panel). This is consistent with the pre-
vious in wvivo and in vitro studies
(Andersen et al, 1997; Cabral et al,
2003). The Skn-1n mRNA level was also
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Figure 2 Effect of high calcium concentration on the expression of Skn-Ta and -1n transcripts in NHEK.

(@) RT-PCR analysis of Skn-1a, Skn-1n, and glyceraldehyde-3-phosphate dehydrogenase expression in
various human cultured cells. The primers for detection of Skn-1a and Skn-1n transcripts, designed with
OLICO Analysis Software (Malecular Biology Inaghts, Cascade, CO), were as follows: Skn-1a: forward
5'-GAGTCCATGCACACAGATAT-3, reverse: 5'-ATGGCCGATGGGAGAGGGTC-3' (product size;

175 bpi. Skn-1n: forward: 5-CTCCCCTCCACCCCCTTGTT-3, reverse: TCTAGGCCATTTCCATCATT
(product size; 169bp). cDNA was prepared by reverse transcription of 0.5 pg total RNA. PCR was
performed with 40 cycles. NHEK, narmal human epidermal keratinocytes; HaCaT, spontaneously
immoralized human keratinocyte cell ling; OST, human ostecsarcoma cell line; NHDF, normal human
dermal fibroblasts; A549, human lung carcinoma cell line; GT3TKB, human gastric adenocarcinoma cell
line; M, molecular weight marker, (b) Semiquantitative RT-PCR analysis of Skn-1a and Skn-1n expression
in NHEK, Reverse transcription and PCR were performed as described above with 34-44 PCR cycles. For
glyceraldehyde-3-phosphate dehydrogenase, only the 40-cycle product is shown. (c) Skn-1a and Skn-1n
mRMA expression in NHEK cultured in low (0.03 ma) and high (2.0 mw) calcium-containing medium was
determined by quantitative real-time RT-PCR analysis. Total RNA was extracted from keratinocytes using
the RNeasy kit (Qiagen, Hilden, Germany). cDNA was prepared by reverse transcription of 0.5 ug total
RNA. The primers used to detect the expression levels of Skn-1a, Skn-1n, and involucrin transcripts,
designed with OLIGO Analysis Software, were as follows: Skn-ta: forward: 5'-CAGTCCATGCACAC
AGATAT-3, reverse. 5'-TCTAGGCCATTTCGATCATT-3. Skn-1n: the same primer pair as {a). Involucrin
forward: 5'-CCAGTCAATACCCATCAGUA-3', reverse: 5'-CCTTTACAGCAGTCATCGTGC-3', Continuous
quantitative measurement of the PCR products was achieved by incorporation of SYBR Green fluorescent
dye (Opiticon 2, Bio-Rad, Hercules, CA), All real-time PCR were performed in triplicate. The transcript
level of each gene was normalized 10 the corresponding glyceraldehyde-1-phosphate dehydrogenase.
The results are expressed as mean 2 SO, Data are representative of three Independent experiments

from the Ministry of Health, Labour and
Welfare of Japan (137781218), the Ministry of
Education, Culture, Spons, Science and Techno-
logy of lapan (10479185), Karouji Memonal
Foundation, and Takeda Foundation, as well as
by grants from the National Institutes of Health
[PO1 AR3B923),

significantly increased in NHEK stimu-
lated with high calcium (Figure 2c,
middle panel). Although the precise
function of these epidermal-specific
POU transcription factors remains to be
clarified, genetic alterations of these
factors may cause congenital epidermal
diseases reflecting disorganized epider-
mogenesis, In  this context, cloning
and characterization of the structures
of epidermal POU genes should enhance
our ability to identify such skin diseases.

This study protocol was approved by
the Institutional Review Board.
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