detected after TA administration to mice (Fig. 3, A and B).
Intravenous injection of any catalase derivative (5000
U/mouse) inhibited the increase in the plasma AST and ALT
levels, with significant (P < 0.05) inhibition by Man- or
Suc-catalase.

Figure 4 shows the survival of mice receiving an intraperi-
toneal injection of TA. Man- or Suc-catalase significantly
increased the survival period compared with the saline-,
catalase-, PEG-catalase-, or Gal-catalase-treated group (P <
0.01 for the saline-treated group, P < 0.05 for the catalase-,
PEG-catalase-, or Gal-catalase-treated group).

NF-kB Activation Induced by Lipopolysaccharide
Plus p-Galactosamine and Its Prevention by Catalase
Derivatives. The above results demonstrated that the pro-
posed luminescence-based analytical method is effective in
evaluating TA-induced fulminant liver injury and its preven-
tion by the catalase derivatives, Man-catalase and Suc-cata-
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Fig. 3. Effect of catalase derivatives on plasma transaminase levels.
Saline (vehicle) or any catalase derivative (5000 U/mouse) was injected
into the tail vein of mice just before the intraperitoneal TA injection.
Results are expressed as the mean = SD of four mice. *, a statistically
significant difference compared with the saline-treated group (P < 0.05).
A, aspartate aminotransferase (AST). B, alanine aminotransferase
(ALT).
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lase. To examine the versatility and reliability of this ana-
lytical method when applied to other disease models, the
effect of catalase derivatives on LPS/GalN-induced fulminant
liver injury was also investigated. As shown by the quanti-
tative luciferase assay in Fig. 1B, a large amount of firefly
luciferase-derived luminescence was detected in the saline-
treated mice after injection of LPS/GalN (Fig. 5A). Treatment
with catalase, PEG-, or Gal-catalase reduced the lumines-
cence in live mice to a degree, whereas Man- or Suc-catalase
markedly inhibited the expression of the firefly luciferase
gene. A quantitative analysis supported these results (Fig.
5B); Man- or Suc-catalase significantly (P < 0.05) reduced
the ¥/R ratio in the liver of LPS/GalN-treated mice. Plasma
ALT and AST levels that were markedly increased by the
LPS/GalN treatment were significantly (P < 0.05) inhibited
by Man- or Suc-catalase (Fig. 6, A and B). The survival of
LPS/GalN-treated mice was also significantly (P < 0.01 for
the saline-, catalase-, PEG-catalase-, or Gal-catalase-treated
group) increased by Man- or Suc-catalase (Fig. 7).

EMSA of Liver Nuclear Extract. To confirm the results
obtained using pDNA, we performed an EMSA analysis of
nuclear NF-«B in mouse liver (Fig. 8). The NF-«B activity
was markedly increased by TA or LPS/GalN. This activation
was effectively inhibited by Man-catalase. These results
strongly support that hypothesis that the data obtained by
the newly developed method using pDNA reflect changes in
NF-«B activity in the liver during inflammation.

Discussion

NF-«B is a ubiquitous transcription factor that is involved
in many inflammatory processes, and the importance of
NF-kB activation has been widely discussed in relation to
liver injury. One of the most popular approaches to analyzing
NF-«B activation is EMSA. A standard EMSA typically relies
upon *2P-end-labeling of nucleic acids to detect the DNA
component of the protein-DNA complexes on polyacrylamide
gels. Although isotopic labeling provides high-detection sen-
sitivity, the use of radioisotopes is subject to regulatory pro-
cedures, disposal limitations, and the short half-life of the
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Fig. 4. Survival rate of mice receiving an intraperitoneal injection of TA.
Saline (vehicle) or any catalase derivative (5000 U/mouse) was injected
into the tail vein. The survival of the Suc- or Man-catalase treated group
was significantly greater than that of the saline- (P < 0.01) or catalase-
treated (P < 0.05) group (n = 10).
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label, and requiring a long incubation with an autoradio-
graphic film. In marked contrast, the luminescence-based
technology developed in the present study provides a simple,
sensitive, and quantitative method for detecting the real-
time transcriptional activity of NF-«B in live animals. This
luminescence-based method consists basically of in vivo gene
transfer to mouse liver using two plasmid vectors: one is
pNF-«B-Luc, which encodes firefly [uciferase gene driven by
a basic promoter element plus NF-«B binding elements, and
the other is pRL-SV40, which encodes R. reniformis lucif-
erase gene under the control of an NF-«B-insensitive SV40
promoter. pNF-«B-Luc is designed especially for monitoring
activation of the NF-«B signal transduction pathway, which
contains five tandem copies of the NF-«B enhancer element.
We confirmed the response of firefly luciferase expression in
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Fig. 5. Effect of catalase derivatives on the activation of NF-xB. LPS/
GalN was intraperitoneally injected 24 h after pDNA injection. Saline
(vehicle) or any catalase derivative (5000 U/mouse) was intravenously
injected just before the LPS/GalN injection. A, visualization of firefly
luciferase gene expression in live mice 24 h after LPS/GalN injection. a,
saline; b, catalase; ¢, PEG-catalase; d, Gal-catalase; e, Man-catalase; f,
Suc-catalase. The luminescent signals were color-coded based on the color
scale below the images. B, mice were killed 24 h after LPS/GalN injection,
and the luciferase activities in the liver were assayed. Relative gene
expression was indicated as an x-fold increase compared with the saline-
treatment group. Results are expressed as the mean * SD of four mice. *,
a significant difference compared with the saline-treated group (P <
0.01); 1, a statistically significant difference compared with the catalase-
treated group (P < 0.01).
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mouse melanoma B16-BL6 cells permanently transfected
with pNF-«B-Luc when activated by standard stimuli, such
as hydrogen peroxide (Supplemental Figure) or TNF-a (Y.
Kobayashi, M. Nishikawa, K. Hyoudou, F. Yamashita, and
M. Hashida, unpublished data). We also confirmed that the
results obtained using pDNA correspond to those obtained by
the EMSA of NF-«B in mouse liver. Therefore, this method is
specific for the real transcriptional activity of NF-«B. More-
over, this approach can be applied to analyzing the changes
in other transcription factors that are associated with liver
inflammation, such as activator protein-1, by simply replac-
ing pNF-«B-Luc with such transcription factor specific vec-
tors. NF-«B consists of homodimers or heterodimers through
the combination of the subunits p65 (Rel-A), p50 (NF-xB,,
pl05), p52 (NF-xB,, pl00), c-Rel, or Rel-B. It has already
been reported that TA (Fernandez-Martinez et al., 2004) and
LPS (Romics et al., 2004) induces nuclear localization of
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Fig. 6. Effect of catalase derivatives on plasma transaminase levels.
Saline (vehicle) or any catalase derivative (5000 U/mouse) was injected
into the tail vein of mice just before the intraperitoneal LPS/GalN injec-
tion. Results are expressed as the mean * SD of five mice. *, a significant
difference compared with the saline-treated group (P < 0.05); 1, a statis-
tically significant difference compared with the catalase-treated group
(P < 0.05). A, AST. B, ALT.



p65/p50 and p50/p50 complexes. Therefore, although the two
bands detected in the EMSA were not identified, they would
represent p65/p50 and p50/p50 dimers.

In the present study, the reporter genes were introduced
into mouse liver by intravenous injection of pDNA using the
hydrodynamics-based procedure, an established gene trans-
fer method to the liver (Liu et al., 1999). This method gives
very high transgene expression with naked pDNA, although
a transient increase in liver enzymes within 1 day of the
hydrodynamics-based gene transfer has been reported
(Kobayashi et al., 2004). As shown in Fig. 1A, the F/R ratio
was almost constant 1 day after pDNA injection, suggesting
that the hydrodynamics-based procedure itself induces very
little toxicity at 1 day after injection or later. The mechanism
for the hydrodynamics-based gene transfer would involve the
direct cytosolic delivery of pDNA through the cell membrane
as a result of transiently increased permeability (Kobayashi
et al., 2001, 2004). Moreover, hepatic uptake and gene ex-
pression mechanisms after intravenous administration of
pDNA by conventional and hydrodynamics-based procedures
have been reported previously (Kobayashi et al., 2001). In the
present study, we tried to minimize the dose of pDNA. For
the quantitative luciferase assay, 0.1 pug of pDNA was suffi-
cient for the analysis. On the other hand, at least 5 pg of
pDNA was needed for the imaging. The sensitivity of the
assay systems explains the difference in the doses. Within
this dose range, the level of transgene expression after the
hydrodynamics-based procedure is reported to be propor-
tional to the dose (Kobayashi et al., 2004). White BALB/c
mice were used for the in vivo imaging studies, because
luciferin chemiluminescence can hardly be detected through
the black color of C57BL/6 mice.

It has been reported that the administration of TA acti-
vates NF-«B followed by the generation of ROS in the liver
(Lu et al., 1999), and it was also reported that LPS treatment
increases the generation of ROS in Kupffer cells (Uchikura et
al., 2004) and the NF-«B binding activity in hepatocytes
(Freedman et al., 1992). Reactive oxygen species contribute
to the pathogenesis of a variety of liver diseases, such as
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Fig. 7. Survival rate of mice receiving an intraperitoneal injection of
LPS/GalN. Saline (vehicle) or any catalase derivative (5000 U/mouse)
was injected into the tail vein. The survival of the Suc- or Man-catalase
treated group was significantly (P < 0.01) greater than that of any other
group (n = 10).
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acetaminophen overdose, hemochromatosis, alcoholic liver
injury, toxin exposure, and viral hepatitis (Slater, 1984).
Proinflammatory cytokines, especially TNF-«, interleukin
(IL)-1, 11-6, and IL-18, are believed to play roles in the
cellular injury associated with fulminant hepatitis. It has
been reported that hydrogen peroxide is able to directly ac-
tivate NF-«B, and a variety of antioxidants and antioxidant
enzymes, such as catalase, down-regulate TNF-a-mediated
NF-«kB activation (Schreck et al.,, 1991; Anderson et al.,
1994). TA is a thiono-sulfur-containing compound that is
commonly used for inducing fulminant hepatic failure (Bruck
et al., 2002) and liver cirrhosis (Kamath et al., 1999) in
animal models. During the biotransformation of TA, both
flavin-containing monooxygenase (Chieli and Malvaldi,
1984) and cytochrome P450 (Lee et al., 2003) reduce dioxygen
to superoxide anion, which is then catalyzed to produce hy-
drogen peroxide. Therefore, biotransformation of TA pre-
cedes oxidative damage-associated liver injury. This injury
has been implicated in the phenomena of glutathione deple-
tion (Sanz et al., 2002), an increase in malondialdehyde (So et
al., 2002), and the disappearance of tetraploid hepatocytes
(Diez-Fernandez et al., 1993) in liver cells after TA adminis-
tration. Nevertheless, the detailed biochemical mechanisms
underlying this hepatotoxic process of TA remain largely
unknown. Kupffer cells are reported to play an important
role in TA-induced liver injury, because the depletion of
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Fig. 8. EMSA analysis of NF-«B activity in nuclear extracts of mouse
liver. Saline (vehicle) or any catalase derivative (5000 U/mouse) was
injected into the tail vein of mice just before the intraperitoneal TA or
LPS/GalN injection. A, activation of NF-«B binding to DNA as demon-
strated by EMSA. Only the band for bound NF-«B is shown. The bands
express the NF-«B activity in the liver of individual mice. Nuclear ex-
tracts from HeLa cells containing NF-«B protein were mixed with the
labeled and unlabeled probe to obtain the positive and negative controls,
respectively. B, quantitative densitometry evaluations of EMSA. Data
are represented as an x-fold increase relative to the naive group. Results
are expressed as the mean * SD of two mice.
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Kupffer cell function by gadolinium chloride attenuates TA-
induced hepatotoxicity (Andres et al., 2003). In the present
study, TA-induced NF-«B activation and liver injury was
effectively inhibited by Man- or Suc-catalase, both of which
are derivatives targeting Kupffer cells and liver endothelial
cells through the recognition by mannose receptors or scav-
enger receptors, respectively. These results suggest that hy-
drogen peroxide is initially produced during metabolism of
TA, and then, the peroxide generated distributes to all types
of liver cells and activates NF-«B in receiving cells, followed
by the production of inflammatory cytokines. In the LPS/
GalN-induced fulminant hepatitis model, Man- or Suc-cata-
lase also effectively inhibited NF-«xB activation and liver
injury. Because LPS is mainly recognized by the toll-like
receptor 4 expressed on Kupffer cells (Su et al., 2000) and
subsequently produce ROS (Uchikura et al., 2004) and in-
flammatory cytokines (Su et al., 2000), the delivery of cata-
lase to the nonparenchymal cells is efficient. The cause of TA-
or LPS/GalN-induced death is reported to be ROS-mediated
liver dysfunction (Okuyama et al., 2003). In these models,
mice will die within a couple of days, as observed in the
present study, because of a rapid production of toxic ROS
after treatment. If mice can tolerate the deadly assaults of
ROS, they would survive for a relatively long period of time
because little ROS are generated in the later periods.

Using various chemically modified catalase derivatives, we
have shown the importance of the tissue distribution of such
derivatives on their pharmacological activities (Yabe et al.,
1999a,b, 2001; Nishikawa et al., 2004, 2005; Nishikawa and
Hashida, 2006). In the present study, we demonstrated that
Man-catalase and Suc-catalase were effective in inhibiting
liver inflammation, whereas unmodified catalase or Gal-
catalase, derivatives targeting liver parenchymal cells (hepa-
tocytes), was not so effective. These results clearly demon-
strate that the delivery of catalase to liver nonparenchymal
cells, such as Kupffer and sinusoidal endothelial cells, is
important for inhibition of the TA- or LPS/GalN-induced
liver inflammation. These catalase derivatives, retaining
high enzymatic activities (> 96%) after modification, were
also effective in preventing ischemia/reperfusion hepatic in-
jury in mice (Yabe et al., 1999b, 2001).

In conclusion, a quantitative method to analyze NF-«B
activation in the liver has been successfully developed. More-
over, the method clearly demonstrates that catalase deriva-
tives targeting liver nonparenchymal cells can effectively
inhibit TA- or LPS/GalN-induced fulminant hepatic injury.
This luminescence-based method requires no genetic recom-
bination technique, is highly sensitive to the activation of
NF-«B in the liver, and allows continuous monitoring of the
activation in live animals. Because liver inflammation is a
common pathological event, this novel, simple, and sensitive
method can be used not only for analyzing the incidence of
events in the organ under various inflammatory conditions
but also for screening drug candidates for the prevention of
the diseases involved in NF-«B activation, such as inflam-
mation, oncogenesis, and tumor metastasis.
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Optimization of In Vivo Gene Transfer through Regulating Biological Response to Vectors
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The spatiotemporal distribution of transgenes determines the therapeutic efficacy of in vivo gene transfer. The im-
portant parameters of gene transfer are the level, duration, and cell specificity of expression, and the number of trans-
fected cells. Interaction of vectors with blood cells, antigen-presenting cells, serum proteins, and other biclogical compo-
nents affects the tissue distribution of vectors and the profile of transgene expression. Although plasmid DNA is less im-
munogenic than viral vectors, it can induce inflammatory cytokine release, due mainly to the presence of unmethylated
CpG dinucleotides (CpG motifs) . It was clearly demonstrated that intravenous injection of a plasmid DNA/cationic
liposome complex resulted not only in the induction of inflammatory cytokines, but also in the activation of nuclear fac-
tor kB (NF-xB) in the lung. Insertion of additional NF-xB-binding sequences into conventional plasmid DNA resulted
in a high transgene expression in the lung, suggesting that the biological response to vectors can be used to increase trans-
gene expression. In a marked contrast to this strategy, long-term transgene expression was achieved by reducing the
number of the CpG motifs in plasmid DNA. A plasmid encoding murine interferon (IFN)-8 or IFN-y with reduced
numbers of CpG motifs was highly effective in inhibiting metastatic tumor growth in mice. These results clearly demon-
strate the importance of the regulation of biblogical responses to plasmid vectors to optimize plasmid-based in vivo gene
transfer.

Key words——gene therapy; immune response; CpG motif; inflammatory cytokines; hydrodynamics-based procedure;
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REELRL—HREEZENS.

Invivo BEFEAK I BEEBEICB VLT,
NI —IZHBPAENTEEBLCFHIENMIEN T
B-fRRINTEEINSY N EOREHEE
b FFEREE) ROERTORBEE (CrRE
) BEDRENRERETS.2 LizhloT, N
TH—HBNIFEESY N B ORFZEMEREHIEI
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EHBETFREOEBEMANTREEZ SN, FHHEN
& — - FYNY =T ZFLMRTH L WSSk
PHERBINTER. BERTFHEZHEASD LTEEL
BABETEEENEE LT, BTFREEREOZEIM
FEERE, RIMLN)L, B, HBMEEnE
Foihad (Tablel). WINDEER/NNTA—FT
HDN, WEEER - BEEETICE> TENRST
UbBRBLOBENLTVWEEDEL LGNS, REE
& UT PEG {bE-F S FIA T e ES WA YT
T T IF—EREDWMELY N EIRE)
i, EEFEA - BEMROREEDSHOEEE
KL, BRIV RUOFERABNEERINT A—
FEEZOLND. Y —RIIZ, TNHEDNTA—F
KEL TIETA VANRY 5 —B@RTHY0, B
BRRBETRERENBEE INBWEES (BilniEE
BT T 2 MEHERTOEARE) 2hE, U
ANWARYD & —DFRAFFRENT NS, Lizho
T, BEWITENDIETANANRY F—DOFIHZEE
DB7EDITIE, BEFRELNIVOEKR, HRICE
ETRIRPROEENEETH 5.

In vivo BT REN, KR T O 4E
Ry —EEOEBRTEA - RREEZT TR
<, BRI BT &35, B D WITERIHIELL
NDERES EDHEERICE > THORESEES
N3 75ZAIRDNAWRTA ARG Z— &L
BLUCTHERECHREENSENDOD, MBEHER
DNA IZE 25 Th 5 IE A F )Lk CpG EF

(CpG EF—7) MERERD, REWETA ST
COEEERFETOIREBVWEEEEERFDOIED
WESNTWD, FITAETIE, TOTIAIR
DNA IC KD REMEY 1 M1 VEAZBETHRR
BMRICFATE Y Sao—F &, CpGEF—T7H %
MR L7275 AI RDNA KKK BT >y —T x>
BLTFRERAOEHRIICET bbb OKEEEE
BT 5.

2. DNAESCLVEESINDZYIMNM1 %
B LB TFREOHEM

2-1. DNABARKICLDREHEYA bhAE
£  HFFHURY—-LETTAI RDNA %
BEAEMRET 32 & THERNICEEMBICERTZE
A RBESEDIENFRTHD I ENHEINT
Pisle, #AMIRIETANANRT F— - FUYNT—T
TLANHEEINTEZ. BEE&Kicks7 7 0—F
T, AFFHEEMERWTT S X3 K DNA
BERICEOERAEREZREG T2 L TRAICHEET
LT & OMAEERAEEASI Y, DNA &iifa
RIZFUNY —T5 2 ERBERTRFEICDRNS S
DEENB. AFFUHEIRY—LETITIZXIER
DNA ED#EEE ORI Ly R) &, BERIGHE
DR END R EBHBRIETANART T -0 1
DTHDN, RRTREMBERE L TEEFREAL
NIVDESNEBET 5NDE. BT AL\ RO
FAFIRABELLHEETEATENZLT LD
BETRREDEMENERTIRANW I ENS, URS

Table 1. Gene Transfer Characteristics that Affect the Efficacy of Gene Therapy

Problems

Possible solutions

Target cell-specific
transgene expression

Expression in non-target cells, such as immune cells ¢ Optimization of administration route/method

and germ cells, may cause adverse reactions, or in- Development of cell-specific carrier/vector
hibit transgene expression in target cells.

¢ Use of cell/tissue-specific promoters

Level of expression
any significant therapeutic effects.

The transgene expression is not sufficient to produce + Increase in the delivery efficiency of genes into

the cell/nucleus
¢ Use of highly active promoter

Duration of expression Frequent administration may reduce the quality of

life in patients.

» Controlled/sustained release of plasmid DNA

¢ Increase in the stability of genes in administra-
tion sites and in the cells

« Prevention of promoter attenuation/inactivation
« Stabilization of transgene products

Extension of the life span of the cells expressing
the transgene

3

Number of transfected Gene transfer of intracellular proteins may not be

¢ Optimization of administration route/method

cells effective, unless they are expressed in a vast majori-

ty of target cells.
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Ly 7 A DBETFEADERMEVERE, NX7F—
(7523 RDNA) TidZ<BLBEDFU/NY —
PRICHZDDDEZEZBND. BEMEANDERLT
3 A 17 B Uy T dioleoyl phosphatidylethanolamine
(DOPE) ZHED IS —J8E & L THWEY K
TV I ARV EWEGETRRZ2ED Z &8
THD. LhLEN5, #RAEESEREICIE DOPE
EHEVYRT Ly 7 ANFRMEREFET DI & TRE
HICERTFRESE 22 2 E8REINTS
0,9 in vivo BETEAITFIHTERW,
URTL Y 7 ZADHS 1 DOMEE LT, ESE
EHERF (INF)-a%1 > —7x0> (IFN)-p, A
DE—OAF 2 -2 EDORESEY A M1 DE
ENBETE5ND. THNIETT5XAI RDNA GO
CpG EF— 72, BHKMRER EICRIFT S Toll-
like receptor (TLR)-9 IZF HD E L TEFZHaIND
TEREDBDEEZLNTVNS. O JOROR—
FEBFURY —LEBIRNEBET 2 Z & THIE< Y
07 7 — 2 Kupffer fifd 2 #eE00ICRE L=~
AT, MEFOREETA DI IBENKIE
WERTT2ZERNRmEINTHBY, URT LYy I RIZ
KBYA ML OEAZIZINSERMEORS
MHEEINTVS, CpCEF—T752FH TSI
R DNA Eifit (naked DNA) 253352 &TH

60

Radioactivity (% of dose)

Time (h)

Fig. 1.

A MIAVHREEINDD, URT L v 24K
LOVEEEIIBRT 2. HEII/OT7 7y -, #R
Ml ZE B WM 51, TLR-Y KENZEEIR
B1ZTia<, TLRY EKENRRELOES HR
ENTVB. O RT Ly 7 ZADEEIT,
CpG EF — I NHFEELBWEARI S RS ENTE
T DI ENHSNERSTBD, BEFDOHEE
IZOWTEHIRRE 2T o T 5,

bbb, URT Ly I AL DBETHRED
e BN, BIRNESBROBGTRELICY
NIV w7 RITRT B EEEIT DWW TEMEL 7=,
BECE, CMV OE—¥ I RSt 73Ny
75 —Y DNAEZI—RKRL, CpGE=F—T %
846 & HT 575 X3 KDNA (pCMV-Luc) %
BIRU 7. £/, N-[1-(2,3-dioleyloxy) propyl] -
n,n,n-trimethylammonium chloride (DOTMA) &
L A7 O—)l (Chol) MEBRBURY—LZN
FAEVRY —LELUTHHAL, pCMV-Luc &
BETAHIETURT Ly I AEHFEL /=, 10 M
TS TAXIEDNAMNERBURT Ly IR &R
U ZARBEIRNICEELZEZA, URT L v o A
BEBECONITHHICERL, TOBRRKRL ICHIBE~NS
T &hmaniz (Fig. 1), REEICIK, #
HEDHK 8% D75 X3 R DNA M, # 50% 748

Blood
Kidney
Spleen
Liver
Lung
Heart

ENRIAO

Tissue Distribution of Radioactivity after Intravenous Injection of !'In-labeled Lipoplex in Mice

Mice received a DOTMA,/Chol liposome-!!In-plasmid DNA complex at a dose of 25 ug DNA/mouse. The blood concentration and tissue accumulation of
radioactivity were determined at the indicated times. The results are expressed as the mean+S.D. of three mice.

66
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Frig~ERB L. hEToRETHB DI, V
RT LI 2 E8BRNEST 2 & mERS & OHE
TEF OFERIIC—IRYICERR L, IR i P L
RTERTFIREETS. DNONOBRIITBNT
b, WT—lE0BEETFRANEG N, —FH, T
A DEBITIT FICHFEEEMIEEL, TNF-o
REDYA N4 2 EAEIE Kupfler fifgNEET
BB ENPEINTNS Y ERE, URTVvo
A EBIME R TNF-a BEIIHESNMT LR L T2
REfRgIcE —27 &2 0, ZO%ED LIRS 24 KR
BgiZiZiF LA EBRB N0z,

2-2. FiTO NF-xB G EBERERFERDELD
BB URT Ly ABERIVEEIND
TNF-o 13, B HEHF NF-xB D7 IiEH{LEF &
LTINS, NF-xBIIEHEICK DEABITL,
DNA k@ NF-xB #ESEFICHEETHIETYA
A 220 DBETFOREZEET 5. &
T2, B4 R AHOTA )X (CMV) 7IREDT1 )L
ZDH ) T H NF-xB $#ESEFIMNEEL, NF-xB
DIEHELIC K DA IV ABEFEPMEET D Z B 5
NTVW3, FEIANART I —IZXBEETEAR
BT, Z<0Ml@ TR WEREFEEND S CMV
TOE—FPRHEIND. LNoT, URT Ly
DADEEIT LD TNF-aNELSIN, ERTEA
MW T NF-«xB 8iEHEfkIh 5 &, CMV 70
E—FICEIA T ENEEABRTFORBRADTTED
BEIND, I Thhbiud, URT Ly 2%
BIRAHRE L 2L Z20RETHRBBE TH DT,

URTVy 7 ZADHFEITED NF-xB 2EEMLT S

MIZDWTHE U/, Figure 2 IR T D12, BN
TNF-«B M E NI ENS, URTL w2
OFEIZ XL DT NF-«B 255 Z &85
InETRoTz. NF-kB Z{EHILTE I ENHENS
UREHE (LPS) 25 LAY UAMTIE, 5
IZEAE TR NF-kB {EHEAEMNERO 65Nz, 2D EE,
NF-«B # G EF 2 8O RFAFE#RF VI I L FF
K (ODN) &EEZ NI EEDOHEER, BEED
JEZEE ODN OERINIC L D iE%& L7485, pCMV-Luc
WKLo THREEICHELE, 2D EPS, NFxB
M pCMV-Luc KHETH I ENBHEMERo .
ZhiE, pCMV-Luc ® CMV Y OE— ¥ ICEET
% 4{H D NF-xkB &I ZN L EHEETHD &M
"IN, COBBTIVEEFRENEZEEZZTS

67

Fig. 2. Analysis of NF-xB Activity in Mouse Lung after In-
travenous Injection of Lipoplex

.. Lung was harvested from mice and nuclear protein extracts were ana-
lyzéd by EMSA. Lane 1: untreated mouse, Lanes 2, 3; pairs of mice each
received the lipoplex intravenously, Lane 4: mice received 200 g LPS 30 min
before injection of the lipoplex, Lane 5: the sample from 4 was elec-
trophoresed with a 100-fold excess of unlabeled ODN with an NF-xB binding
sequence, Lane 6: the sample from 4 was electrophoresed with a 10-fold ex-
cess of pPCMV-Luc, Lane 7: the sample from 4 was electrophoresed with a
100-fold excess of unlabeled ODN with a random sequence. Arrow indicates
the NF-xB band. Cited from J. Gene Med., 8(1), 53-62 (2005).

ZEMEBZ SN

FIT, fiTONF-kBIENEEBRETRREEDOH
BzHLNCT B0, LPSHEICXEEETF
REANOZBITOWTHR Lz, BETEANDS
WITBICLPS 2% 535 Z & T, iTOBEETFH
EAEEICHEKLE Fig. 3). DLOEEMS,
i €D NF-xB &1 S BETFHRE & OMICIZIEDHE
BENd D EARBINZ.

2-3. NF-xB HHICERZTEOSVWTTIX Ik
DNA DR BETFREZEHNELTHWSR
575 X2 KDNA KRERSDEOFEI NS CMV
TOE—FBREINDD, sikOBED 207D
E—-F I NF-xB EREFIN 4 BEETS. b
HA, NF-«B#&ESI%E 75 X3 R DNA ITE
MesZ&T, URT Ly 7 ABREICXOERET
5 NF-xkB % & D BT ERFREFEERICFIHET
EhWwhEEAL. £IT, CMVIFOE-F 0L
i S D NF-xB fE S ECH 2 # 7 iTEA L T2 #R
75 23 R pCMV-kBs-Luc &L 7=, &Y 2%
78 & EER ODN &2 AW HARBROKEE,
pCMV-Luc & H & L T pCMV-xBs-Luc 3 NF-«xB
EDOREEHNERT B I ENERINGE. FITY
RV IR ELTYUABRNICEE L&D
5, H3fEEVERETRANE SN (Fig. 4).
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(A) (B) colon26 % A W=FHr et n S, NF-xB 23 {E%
2.0x107 1 2.0x107 RICHEE(E L T2 EMIAE T, #A L /= NF-«B

1.5x107 1.5x107

1.0x107

1.0x107

0.5x107 0.5x107

Luciferase (RLU/mg protein)

Control LPS Control 2h  3h  4h
Fig. 3. Effect of LPS on Transgene Expression in Mouse
Lung after Intravenous Injection of the Lipoplex

(A) At 30 min before injection of the lipoplex, mice received saline
(control) or 200 ug LPS. (B) Mice received 200 ug LPS at the indicated
times post-intravenous injection of the lipoplex. At 6 h after injection, mice
were killed and the lungs were harvested for luciferase assay. The results are
expressed as the mean+S.D. of three mice. *p<{0.05 (vs. the control
group) . Cited from J. Gene Med., 8(1), 53-62 (2005).

2.0x107

1.5x107

1.0x107

0.5x107

Luciferase (RLU/mg protein)

pCMV-
Luc

pCMV-
xB-Luc

Fig. 4. Transgene Expression in Mouse Lung after In-
travenous Injection of pCMV-Luc or pCMV-xBs-Luc
Each group of mice received a lipoplex composed of the indicated plas-
mid DNA at a dose of 25 ug DNA/mouse. At 6 h after injection, mice were
killed and the lungs were harvested for luciferase assay. The results are ex-
pressed as the mean=+S.D. of three mice. *p<{0.05 (vs. pPCMV-Luc group).
Cited from J. Gene Med., 8(1), 53-62 (2005).

LY 7a—=FE, URT L v 7 2ABELOT
DBEETFRBRICE ST, NF-xBEENTNEET
BWTIBASBREEZA 5N S, BEBHATEULL
Lid NF-xB QOEERRIEEESIREETNTNS Z
ENS, BHETOBETFRAOEKICHETES
HbOEHABEINS., bbb~ 2 EEEME
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#5515,

MERFIBICKEL TEETFREAMERTZ L%
oML TS,

3. CpGEF—THDEIRICLDEEGLFRED
Fredk

R F—FBEZIDREORESEY A N1 >0
EEIND I EE, BETHRECEINMNST LU BT
FELWZ ETIRERARW. D FICREEY 1 b1 o
HEHBICEHFCHERLBRWESITE, |hE0mE
EEWFTHENEELWNWEEZEZBENS. CpG
EF—TRITHEE L TRIEMY A N1 > PEES
NBZE, FEFOEEZIURT L v ZEICXD
REBRNCHERT B2 &nE, NXIF—HFEICLB%
REED A DA > OEEZIE T 5I121E, naked
DNA ZHWs Z &, CpGEF—THRERFST &
MEEELEZOLNS.

1999 #£{Z Liu 5 & Wolf 59 iz X DN RO
FAFIZAERRFEIN, XD oIET A1
WANRY F—IC K DBETEAFEE LB L TER
HICEWERTFREANE OGN LD TR0/, Kk
TIE, EHEAEE/KICIEML /- naked DNA Z&3EIC
U RBERNICESN T2 I ETHETERICE L
BEFRENESNS. Figure 5 121%, KEIEYA
NWABELTEAEICLDEETFRERL NV ERT
25, NA BOFLFIZIEKICED, BF—5—LL
FEWEBERFRER (RIS T 2 5—FiEE) 2
ZOERICAEFEIZL O ERAMICE NE
BEFHEBANEONE I ENE, £ OWETERET
BAEELUTHFIHEINTE . D bivbihd, IFN
BERTFRECHET SR Z2TV, T2 IFNS
XX IFN-y 2 R#H 92575 X3 KR DNA (pCMV-
Mup kX pCMV-Muy) #/)\-f RO¥ 1 F3I 7 2
WWEOEEYIRICHEESTEE TEVWREBEEDR
ERTND. 9 Lalians, ZOREN—BHET
B0l &S, BETFEBENE VIR OBES
W ERELLSHHITE~ (Fig. 6) OO, Dz
BIZIXHEVEY T aho .

IFN BEEZTHRESRIZ, BoTERZ2ERIL
THIETABICHEREEZA OGNS, BETH
BHORRLICEAL TREBA 7 7O—FNEZ 5N
50,0 BEFREL NV E2ERS 2 L&kt
T5IEEFEZTERN, iRk >iT, CpG*E
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Hydrodynamics
iv. (10ug)

naked pDNA g
ip. (100ug)

Gal-pOrn-mHA2
i.v. (10ug)
LPD iv. (25ug) 2
Gal-liposome
ip. (30ug) |2

Gal-liposome §
iv. (30ug)

naked pDNA §
iv. (10ug) k

not deterine S

B Liver
Lung

101 102 108

Fig. 5.

104 105 108 107 108 10° 10%°

Transgene expression
(RLU/mg-protein)

Comparison of Transgene Expression Produced by Various Nonviral Gene Delivery Approaches

Plasmid DNA encoding firefly luciferase cDNA was administered as the naked or complex form to mice, and the luciferase activity in the organs indicated was
measured. Gal-pOrn-mHAZ2, galactosylated poly (I-ornithine) modified with a fusigenic HA2 peptide; LPD, plasmid DNA complexed with protamine and DOTAP
liposome; Gal-liposome, cationic galactosylated liposomes composed of DOTMA, cholesterol and galactosylated cholesterol derivative. Cited from Adv. Drug

Deliv. Rev., 57(5), 713~731 (2005).

70 7
_8 60 16 ~
I =
S N
5 50t 5 =
[&] * 2
s 40} 14 g
_“g’ 30 ¢ i3 §
S 20¢ * 12 3
pr4 —
10+t l 1
. *k 1 D
0
Untreated pCMV-Luc pCMV-MuB pCMV-Muy
Fig. 6. Inhibition of Hepatic Metastasis of Tumor Cells by

IFN-expressing Plasmid DNA

Mice were inoculated with 1X105 CT-26 into the portal vein, and
received 10 ug pCMV-Muf or pCMV-Muy by the hydrodynamics-based
procedure on days 1, 3, 5, 7, and 9. On day 17, mice were sacrificed, and the
number of metastatic colonies on liver surface was counted and the liver
weight was measured. The results are expressed as the means+S.D, of at
least five mice. Arrow indicates the average liver weight of age-matched nor-
mal mice. *p<0.05, **p<{0.01 (vs. the untreated group) . Cited from Mol.
Ther., 57(5), 713-731 (2002).

F—TIRLOBFEINDIREEY M1 2,

pCMV-kBs-Luc # W/ TRINEZLDICE
GBTREEZERIEL—F5T, BEHOBRTFREAC
HUTEIFIICEAT2HEabHESNTNS,

F/e, NRBEETICNT AR EEEE L TAFIVE
BEEMNMEHL, 7523 KRDNA H®) CpG EF—
TDAF I X O BETFRASTFENZ LD
RENTVWD, LEN>T, BRTFREOERLIC

1275 A3 R DNA 0D CpG EF— 7 H2HIET
LI ENEREEZLNS. D I Thhbhi,
CpG EF — 7 EKIBITHA LTS5 X3 KDNA
EHEEL, IFN BEERTFBEDROERZRS .
CpG EF — 7 HIH 7 XX K DNA &L T Gen-
zyme ¥ FE L 72 pGZB NI ¥ —&HA L, &F
V7 25 —F¥ XL IFN-B, IFN-y B 75 2 3
K DNA (pGZB-Luc, pGZB-Mug, pGZB-Muy) %
MEL~Z Fig. 7).

31, REMEYA FHACEECKHTS CpGE
F—T7HOEE oA IOT7 77— IMdk
RAW264.7 # FlWZRETIX, CpG EF—T7%I1F
EAEEEBWEKE DNA OFEMTIXAERR
TNF-a EERBO s aho 728, CpG ®F—7
2EEEE pCMV-Luc iI2 &L D TNF-a NEA X1
. Fl2, ZORSRURT VI ATk DEEE
WWHEALE —F, BEURAEESIIOT7 77—
% FEWEKETIZ, pCMV-Luc # naked DNA & L
TEHEMLU THEEL TINFaBEEINTTWI &%
BHEMZL TS, 7910 §if, TLRO BEHF—5 0
BTN S, BiE<TI7 07 7 — P TilE TLR9 OFEH
LRIVIMELS, TR CpG BEF —TIRIGL RN
—RTHBDIEERBTHHEREETNS., F0O—
KT, pCMV-Luc ;25722 URT L w7 XA TidiE
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CpG-repiete'tvpe (pcDNA3)

Mouse [FN-B or-y cDNA

CMV BGH pA
promoter f1 ori
pCMV-Mup SV40
pCMV-Muy p promoter
Amp" 7 Neo’
Col EI SV40 pA

pCMV-MuB: 686 CpGs
pCMV-Muy: 686 CpGs

Fig. 7.

CMV
promoter
-syn

CpG-reduced type (pGZB)

Mouse IFN-B or -y cDNA
Hi-syn

polyA-syn

pGZB-Mup
pGZB-Muy

Minimal Ori

Kan'-syn

pGZB-MuB: 116 CpGs
pGZB-Muy: 112 CpGs

Construction of IFN-expressing Plasmid DNA with Reduced Numbers of CpG Motifs

Mouse IFN-f or IFN-y cDNA fragment was inserted into CpG-replete pcDNA3 or CpG-reduced pGZB. The numbers of CpG motifs in each plasmid DNA are

indicated. HI: hybrid intron, -syn: synthetic.

(A)

106-
105}
104.

103.

IFN-B activity (IU/ml)

102 1 . I ]
0 12 24 36 48

Time (h)

Fig. 8.

(B)

IFN-y concentration (pg/mi)

—

(=]

D
—

108 |

104 -

103 -

102 1 L L L : L s
0 24 48 72 9% 120 144 168

Time (h)

Transgene Expression Profiles after Administration of IFN-expressing Plasmid DNA

(A) After intravenous injection of IFN-S-expressing plasmid DNA (10 ug) by the hydrodynamics-based procedure, the serum IFN-# activity was measured.
(B) After intravenous injection of IFN-y-expressing plasmid DNA (1 zg) by the hydrodynamics-based procedure, the serum IFN-y concentration was measured.
The results are expressed as the mean=S.D. of three mice. O: pCMV-Mug, pCMV-Muy, @: pGZB-Mup, pGZB-Muy.

ez 7y —=Uh5E80D TNF-a BNEL XN,
FEZORBMNTLRY J v 777 I AHED
ROIOT77—TUTHROLENB72E, TLR9 Tk
FLIEWRIGREOBEEGHLMN RS TS, 10
In vivo IZHB W TDH, naked pCMV-Luc D EIRIA
BEICEL D MEFR TNF-o L)V E AL =08, 4
fafz DNA OB&IIEER EFIZRBD 5o
J7o. TIT, CpG EF— 7 ZHIW L 7~ pGZB-
Luc Z naked 2 WIZVRT L v 7 X ELTHRE
Liz&Z s, fiEF INF-a BEITNWTNOREE
BEOHEICH pCMV-Luc DS D 20—45% 2 E T
bHolz. L, ETI5ZXI RHO CpG EF—7
DEIE (pCMV-Luc, 6%; pGZB-Luc, 3%) &3
TERETHo/m. HTHENA ROFAFIVAET

70

naked pGZB-Luc Z# 5 U /251213 TNF-« 1348
HERA (17pg/ml) LLFTHD, TNFall kb
BEFFHBEANOFBIIERFIT NS W LRI N
3-2. CpG EF—THHIRIC K 2 BELEFREOR
MILEMEBEDROER  pGZB-Muf X i1
pGZB-Muy 2\ ROY¥ A4 F IV AETII A
BELZEDA, WINOBEITHNEREEL
TR MES IFN &% (BE) s aEnk
(Fig. 8). IFN-BIEHDOBRREIIN SETHD, £
SEARZNMBEFREIFHMETERE (AUC)
WNZTH 2 FERWIFIGHERR (MRT) 23R L7,
MiEH IFN-y BEICE IS ICHEELREVWNED S
N, AUC RU'MRT 320820145, 31T
bol. BETHEREIOT 7 IVOBNEZRKBRLT,
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Insertion of NF-xB
binding sequence

NF-<B binding 3
sequence-inserted
plasmid DNA

Increased
fransgene
expression

» . Conventional
plasmid DNA

TLR9-posifive § &
cells e

Depletion of CpG
motif {replecement)

i CpG-depleted
plasmid DNA

" Sustained
fransgene
expression

Fig. 9. Optimization of In Vivo Gene Transfer through Regulating Biological Response to Vectors

Immune cells recognize CpG motifs in plasmid DNA and secrete inflammatory cytokines, which greatly affect transgene expression. (A) NF-xB in target cells
(lung endothelial cells) is activated by inflammatory cytokines, so a higher transgene expression can be obtained by adding NF-xB binding sequences to plasmid
DNA. (B) Reducing the number of CpG motifs in plasmid DNA results in less production of inflammatory cytokines and prolonged transgene expression.

pGZB N7 & — % 5H TR L D BWHIEEHENR
DHNTE. YU ZREBEME CT-26 2 BEIRMNIC
BHET 2 I ETHERLEMEBET YT TOM
Hns, MEEOEBESHROFRRBSLNITE
FHEOERZEENFD 5N,

4. HHYIC ‘

ARETIE, S AIRDNAZANIERETEA
OBICEBEREAREELTCpG EF— 71237
HHEEBRIGERD LY, ZORE2EENICHET
HIELICLHERTFREEKE, BHTLILITX
LB EFRBEEELICOVWTONDNORD EBNT
L7z (Fig. 9). Invivo B FEAICLSELEFIE
BOERRITIIL < OBENFZRIN DD, HRES,
WERBLET/Z N7 BIZE>TRTWSRAEERE
FHREEROFEESERDDODHS. EETIE
N ROFAF 37 REQFEEEFALEE MER
WEMAY—RLY®, BEXREHEAN NI E, &
EFRENBHTETH > I ENRETNE.
Naked DNA &b R ERBHERT NI —EEZDS
NZIENS, SEOBETFHREEINOERENY
& —FH1 > ORBELIC L D EYIRELETIREERIC
BOEDZHDEHET S,
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Development of Heat Shock Proteins with Conltrolled Distribution Properties and
Their Application to Vaceine Delivery

Makiya NISHIKAWA,* Seiji TAKEMOTO, and Yoshinobu TAKAKURA

Graduate School of Pharmaceutical Sciences, Kyoto University, 46-29 Yoshidashimoadachi-cho,
Sakyo-ku, Kyoto 606-8501, Japan

(Received July 18, 2006)

Antigen delivery to antigen-presenting cells (APCs) is a key issue in developing effective cancer vaccines. Controll-
ing the tissue distribution of antigens, which are administered in a peptide/protein or DNA form, can increase antigen-
specific immune responses, including the induction of cytotoxic T lymphocytes. Heat-shock protein 70 (Hsp70), a mem-
ber of a highly conserved family of molecular chaperones, forms complexes with a variety of tumor-related antigens via
its polypeptide binding domain. Because Hsp70 is taken up by APCs through the recognition by Hsp receptors, such as
CD91 and LOX-1, its application to antigen delivery systems has been examined both in experimental and clinical set-
tings. A tissue distribution study revealed that Hsp70 is mainly taken up by the liver, especially by hepatocytes, after in-
travenous injection in mice. A significant amount of Hsp70 was also delivered to regional lymph nodes when it was in-
jected subcutaneously, supporting the hypothesis that Hsp70 is a natural targeting system to APCs. Model antigens were
complexed with or conjugated to Hsp70, by which greater antigen-specific immune responses were achieved. Cytoplas-
mic delivery of Hsp70-antigen further increased the efficacy of the Hsp70-based vaccines. These findings indicate that
effective cancer therapy can be achieved by developing Hsp70-based anticancer vaccines when their tissue and intracellu-
lar distribution is properly controlled.

Key words——heat-shock protein; DNA vaccine; pharmacokinetics; antigen delivery; intracellular trafficking
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1. FL&®IEC
MEBENGAEREEHE T2 REEERS, B

RREFYEICH T HENDREIRIBEEE U THE
ENTW3, FiRZRET 2 ETREN MG
2 T 2 )\8k (cytotoxic T lymphocyte: CTL) 7%
FExN, 0O CTL AR e 2Bl 25
ETHIETREDREFTONDIDDLEEALN
5. —RIC CTL OFEEITIE, v 707 7— I
R fE /s & OHFEIR M T (antigen presenting
cells: APC) DSHURSY >IN EXIHERTF K%
MORAATEDE, INEMENTOREL, £RINn
e RTF REF %2 MHC class I 5 F FICiBRT 2
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= T [T E AT 46-29)

*e-mail: makiya@pharm.kyoto-u.ac.jp
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73

ETEMNMEZREBT S EnG, FUERIRKEHE
IR ERFIAUIBEE S R L TRIER OER MK
NI ENFIREEND. FO—FT, HBEITHER
LRIVO CTL 2%8 T 5 ENEEETH S Z &8
ML EN, TORBEDRPELNTHRNON
BRTHS. TOERRERELT, 1 HiEY N
785 - HERTF RO APC ANOBTENDIN,
2) APC ITRITROTRSY NI E - FURERTF R
DOFIAEIE Y, 3) APC @ CTL FEHENE L,
ZENFETEND., 20D DRUD)IELT
1%, B#EINEZHRECANEREOHE, 51T
APCIZEVAENT=H & DHIERNEIREE T 5
ZETHRIERMNTIETH 5.
EFESPEINETIT, AT IV T3 > (ovalbu-
min: OVA) 2EF)IVHFESY N7 EELTHWE
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BENIBWT, %A CTL OFE %2 HIIC APC 0> &UTHIBENS 280 B O @ RIBE DR
D OVAF YN~ 2T LOBRFET> TER. %, DREENBTHIENMENT NS 9 RE
APCIZERTAANR Py —L Ty —NEE WS 3 v )N ETH S heat shock pro-
MEaTFERRENICEESTSZ &M, 2oLt tein 70 (Hsp70) &, CRIHEET DHERTF R

& —%&N LU TAPCIZFYNY —RIRERY I 2l
L OVA ZBER L, 2tk CTL HE D
K, B OVA BREVEMEEBEL 2B Y
ZQEFHIROEECHKI L. £/, OVA m
FF AT BT ETAPCADOEDIAAZ KRIEID
KEBIEWXHEDL, c_(DiJﬁCZ]‘/ﬂﬁOVALJt
S THEHEM/: CTL NFER[RETH B L& RL
A ZAAR Py =L T I =N LT UN
U—hFF iz kB3R CTL FEI,
APCIZ X BZEVIAHMERLZHIE (OVA) 793‘:&
PRV —=A/TA VY~ AREMN S MIEEICERE

#, MHCcdass I 9Fic/7ox 7L ¥or5—i 3
EINEREHERINS.

I 5B REHROERIE, FUREOEKRNERED
HIFICINZ T, APCHTOERE AN K>S 71
v 7)) HIENE T APC OIEHERER EEZ 5N
3. R, BEEEEOHSFICBNT, B avr s
NI BEHEE SR AEEE Y E S L TEREED
TW3, B avlr )N EREREORBEICX
DREBENTUET DY NNV EHTHO, FF v

CD91, LOX-1

Hsp70-antigen complex

EHEB P RE/R B A7 > (polypeptide binding do-
main) 2FT 3.9 £z, 7077 — 0B
Ja7s & D APCIZHIHT 5 CDI1 ® LOX-1 72 ED
WhHids Hsp LT 7 —I2 X DRI APC 2%
HEI<EDRAENS I &, 67 X 5iTid CD40, Toll-
like receptor (TLR)-2, TLR-4 72 &% LT APC %
EHETEHTaNY MEENH B Z EbWEIN
Tna. 9 LEN->T, tilEREEEZENE L
FEFUNY —IZBWT, Hsp70 BB ZHES
YUT7 ThdEEALN, TNEFHATDHETH
BB HEBRENGEIND ZENH/FEND
(Fig. 1). ZFZ TARETE, #i = \yﬁ&‘//fﬁ%
DA - MANERRICE S Z ST, Hsp FIAII
BO0F VBRI DODNWTHGHT 5.

2. Hsp70 O{ERNENRE

2-1. BikARS MRS 3y sy N
B, MEcEREEA D7)l (danger sig-
nal) L TOEBEREEEZFEFD. LrLERNS5,
MIEAANBIT LR a v 75 NI BOERNE)E
WKOWTIEHELME IR TWRho /., £ TE

MHC
class Il

~ CD40, TLR-2, 4

Proteasome

agp

@plasrﬁfe reticulum

NF-xB
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Upregulation of
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class ll

g
gyt
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Apy

Fig. 1. Roles of Hsp70 in Immune Response

Hsp70 is recognized by signaling receptors, such as CD40 and Toll-like receptor (TLR)-2 and TLR-4, on APCs, activates nuclear factor-«B (NF-«xB), then up-
regulates the expression of costimulatory molecules and MHC class II and induces the secretion of cytokines/chemokines. In addition, Hsp70 is recognized by Hsp
receptors, such as LOX-1 and CD91, and internalized. When antigen peptides are bound or conjugated to Hsp70, the internalized peptides can be processed and

presented on MHC molecules.

74



No. 2

295

FEHE, By av sy NNIEEFBLEREFY
NU—2 25 LA OGP Z BRI, RN
TavryINIETHS HspT70 DIRANZEENTD
WTR IR ERWTHEELZ.?

Wn THEZEZEEL /Z< 7 X Hsp70 2T X
BEIRNICHEE L ET A, Hsp70 i3 ER NI I
mALEELFEELUTHIRICERL = (Fig. 2).
BEEZ S0MF (100ug/ITR) THEMLIBER
HERANEREICHERENWIZED S NRBho 2l &0
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7z. Hsp70 2R#H T2 L7y -2k, ~rov
7 — DRRRMIR ED APC ITHFKBE§ 5 LOX-1
MEFEND 10 20Ty —i%, RUF7=A4
ERBIOIAAR Py —L Ty —D1ETH
O, UDHRELTRI>ZIUMEFMET IV T I >
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Fig. 2. Tissue Distribution of "'In-radioactivity after Intravenous Injection of !In-Hsp70 in Mice

(A, B) After injection of !!In-Hsp70 at a dose of 10 ug/mouse, the radioactivity in plasma (A) and organs (B) was measured and expressed as % of dose/ml
(A) or % of dose (B). Keys: (A): liver, (@): kidney, ({): urine, (€): spleen, (A): heart, (X): lung. (C, D) After injection of UIn-Hsp70 at a dose of 2, 10 or
100 ug/mouse, the radioactivity in plasma (C) and liver (D) was measured and expressed as % of dose/ml (C) or % of dose (D). Keys: (O): 2 ug/mouse, ([1): 10
ug/mouse, (&): 100 ug/mouse. Results are expressed as mean =+S.D. of three mice. Cited from Pharm. Res., 22 (3), 419-426 (2005).
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HBILIENHMOENTVWS, FIT, IhHoRUT
SFUEFRELEEZ S, Hsp70 DRFiEA DE
DIAATEEICHESN (Fig. 3). LT,
Hsp70 OFFIEEL DA AT LOX-1 IR ED A H R
Ty —L T —DESENEZ ONS.

—7#, LOX-1 L3R DO Hsp LT —TH5
CDI1 i, ¥Z7 07y — U0 e3Fig, e
EWHBETHOWCDINDUH U RTHD -7
oy 7y 2 (M) ZHIESLEZHEICD,
Hsp70 O FFIEE U A A I BEE ICHE S /= (Fig.
3). 25 LRI, Hsp70 235k 5% LOX-1
2 CDO1 72 ED Hsp LT H— IS, EIZ
FFRICHDIAEND I EERBTEHHDTHD. O
S ;YRS UBEREERT 5 I & THEER
HERG 2 BFMiAE &, Kupffer flfa-SERNEMid e &
DIEEEMBEEICOBEL =& 25, Hsp70 [
JAIZE<BWMORAEND ENHLNMNERD ., U
A5G B U HilE 2 AW REHZ BN TS,
ar-M & 5 W3 CDI FiR D H£EIC KD, Hsp70
DOHFEE D ABNIEI S Nz, LA->T, BRI
JRHICHIT U7z Hsp70 13, FICFEREMEICHE

160

140

120

100

80

% of control
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0
Control Hsp70 Poly! Poly C Suc-BSA Mal-BSA o2-M

Fig. 3. Effects of Pre-administration of Various Compounds
on the Plasma Clearance, Hepatic and Splenic Uptake of
HIn-Hsp70

Each compound (200 ug/mouse) was injected into the tail vein of mice

10 min prior to the injection of !!In-Hsp70 at a dose of 2 ug/mouse. At 10

min after injection of "In-Hsp70, the radioactivity in plasma, liver and

spleen was measured. Keys: (closed bar) plasma, (hatched bar) liver, (open
bar) spleen. Results are expressed as mean +S.D. of three mice. Statistically
significant differences were assessed using Student’s # test compared with con-

trols. Cited from Pharm. Res., 22 (3), 419-426 (2005).
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35 CDO IZE8sk &, FOLELFE, K
FICEDIAEND Z EARBE Nz

2. ETHE5 EBERZEHNELET Y
F o OBREEME U TEBERLHRRENRETENT
W3, —RIZ, HRCKEE, ETHEBCRESNE
BOFE, BEIMLICEEIN, mERY NEA
MINENSB. V) NEIE APCREEREFEEL,
FEIRRR EDREREICERRL R hfThi
3, IUZXDREICETHRE#%, Hsp70 12550
NS HRAITTHEEL, REE 224 FEORFRTER
EBO20%BFRICER L. Z0EE, i
U 2 NEINBIERITEmWRETT (K 3%) 2380 51,
PRI RBIRE TN, AEERENEHS THSW
BEMEDSR S 7z,

3. B avw gy NIEENRBLIEDF R
2
INETRKR av I NIEEFALED D
FUBEREORAVBEIN TS, FRRO@ED, #
Sav iy NI BEIIENMETSS APCITED
PREILFBH#EINDZENS, THEHBIKY—T T
A T DD DRBRTNHEHINTNS I &R
5, L7EdoT, &avi ¥y oNIEEFHBLE
DOFUBRBCBNTIE, E0XO2BFEEEDOK
IRFETHRL 5 v 77 NI BIZRE - #EEIE
B, S SIEHEICERDAENZOB OMEANE)
BEEWHNITHITT 500 B E S, TNETITE
Tav Iy NI EORTF RiEERERIAL TH
FErlEsEsEs s, HREEEEGLERGS
DIV BERFAT ARSI INT NS, BES
SN BEOBETEERETELTEEMNETHS
EM5, DNADIF UL THREEN TN D,
3. B> av 9. NIE—HEREES - A6
CLDREFE B avry 2 VEEIHRE
DEESEDTHHRIZDNTIIN DDOBRENDH 5.
A S i - BN E N7z Hsp70 ITIZAERE R
TFRBEEGLTED, APCCROAEFNSZ &
TZORTF RPEEEEFREEL /0T LE
UF—alENG, IO ULRESKERETSZ
ET, RTF REMELEL TAPC OREBINED
BIFICHEREIND ZENM|ETINTNRS. D Ll
BAS, RTF RE Hsp70 & ORESEMEIZRT
F REFNEKET B EN5, D Hspl0 EERE L
TFUNY —mEERFIEDEEIIE SN 5. Moroi
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51, Hsp70 DRTF KRG KA VIZH WS
B2 ETHERTF R2H N UDTURICHES
3 ET, WAKHRICHST D ME Rk
LTWwa W 3ihabs, NaEIZEFEET S Hsp70
DFREO—FTH3 Bip ot U TEWERENMEZR
TS F K (HWDFAWPW) % OVA @ MHC
class I i/ (SIINFEKL) IZ#AET 2 I & T, R
RTF K& Hsp70 & DEEERDORFERITHIIL T
WS, YUARXREBBROREN CTL Kb ZHERE
LEBRICBNT, BipEaXTFREFATH
0, INIKXVEEDEHECEMNTIEETHD I L
EHRELTWS,

Bav Iy NIEERBEEEZESEES LR
B NEOFHABBFEIN TS, Udono 5
13, Blaw 5 NIED 1 DTHS heat shock
cognate protein 70 12, OVA @ MHC class I HiE %
HEWBELEMEY NI EEBRREL, YUAAND
BECIOHEGEREN CTLHEEIZREIIL TN
A 19

3-2. MMIRAEEHIEIC L 2RER EE,
BAFIIIY RYA M= RIC X VHIIEAICELD A
FN5. Hsp70 NITZOHEHES (ER) &g,
APCH#ifa® Hsp Lt 7% —ICRE S L THIREMNIC
NELEINDEZZAEND, B avy Iy NIHE
EZFRIALEFURT U N —TIE, APC N THEN
MHC class I 5F LICIRREINDHLEDNH B0, —
BiCT> RYA b= 2220 EESTFIE, TUKR
VLN T4V —ANEEEIN, I TEERK
KOOI ND, CNETORFIIBNTEEDS
i3, LEEMICE D EFIIVHIUR OVA @ APC LD
ABEBEBRIRTRIETIURTLVETF—2 3>
PEES N, ZPERGEINENFTOND I L E2H
EFLTNVW3, 230 Lh->T, Hpl0 2HET vy U7
ETBRATBVTHHIRES T O BIRE 2 HlH
T3, ThabbIy RY—ARENSHEEER
BIICEIA T 5 & & TREFEFEOEMRIHISTE IR
% (Fig. 1).

=0T OMES N S MaEAO®REL, BETE
AERPE LB BNTESEREINTE -,
T2 RY—ATRE, BEEoT Ok ATPase iR
JIVARZTO M2 BBEHAANDZETL RY—A
NDpH 2 T3, Z0O&&E EABNpHLUTTS
O AETBERETE2EDCAYNIT Y RY — L4
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MICEETSHE, T RY—AIRRADTERTOL
CHEEEN, pHORTHHHIENS, TR
V= AN 4 > DR AZESTTT N
MATBHIETILY RY—LADEBENERL, &
FENICT D RY —LDEEL, NEHISTHIZE I
HENBEEBZSNTNWS., ZOBREIF Tk
ZARVHR) TN, BEEEEHTFTHDHR
ULFL A I TEDOYRNHED TN TLLSE,
Z < DLEMRRBROHRERFD I LAREN, E
WBETFHRBEOEAE BNICE ORI AR I NT
W5,

EEL, TONARPHREEETHLEY
ELTRYERFDY (His) 2L, Hsp70 &
FIALZFETFTUNY —ICBT 2R ONWTH
HlLz ZINETOEZA, Hspl0—HERKEAKIT
IS His 268952 & T, HiEKEEKE APC
OHIEEAFEMANCT UNY —H6ETH 2 Z L 28
SEMIC L. TUXAENEEICLDE N CTL 8
W MR IS FUEBE B RAHE 5, Hsp70 2 F A
UZZHRT U NY —Ii2 BV 2 HIENEsE O EE A
RENTNSG,

4. Bl a5 N7 EHEHNALZ-DNA T
F L DRRF

RS FOBBRFEHEAAALIZT X I K DNA
EHACEEICERTSZET, FEBRENRGE
BENEONDS. ZOHEIEDNA T F BT
=N, FREREOLRSTHEEREE2BHEET
BELZEMLEBBREANDORANGEINTWS, 7
A2 K DNA O#EEMI & U TR RENH
WHENBZEMNEL, BEAEDEAETIAIER
DNA Ejfi (naked DNA) 25505, DNA 7
DFDRIL, BEEINDIHEORR, AR
&, FURE APC EOMEMREAEEIC X > THRE
INBEZBZENBIENS, TUF2HBETS
ERALEED APCECERTFHEBR IO T 7 1)L
DNAUF OB ZRETHIHDEEZI SN
%, BEREFRROBEEANSE, BRENEETRE
RSN ERHNRECIHES & L THET
BB,V APCHEBELEET I RERNNDEZE
BEMEEZASNS, DNA OB EFEIZIZEASE
DBAET 5 A R DNA Bl (naked DNA) TH
D, BEFRENEZEBRT SOV baR
L= 3 VOBERSENHFRAINS.
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EELIINETIZ, 79X FDNA 23R X
SAPCIZFUNY =T B 2B HFF %
BT ChHBAF AL BSA (mBSA) L DEEEE
FEL, HANDDIWIEERNERET LI ETEFTI
PURRREN/: CTL OFELTICHAEE DERIC
WL B 2y 7a—FTiE, 7I5AIR
DNA % mBSA S#E&HKMT 2 T & TEMRHIAEA D
BLRTEANERTS I ENARETH >/~ (Fig. 4
(A). ZO—FT, YUXFANIIRELZEE
OEETFRERRIIESHREICE D XRBIZED L
(Fig. 4(B)). ZOHAELT, HAPKEIKES
Lz EEEN APC LEBTOHESNERE ISR
<, BELLESEKORENHAMEST 5T/
YA MIERDAENDZE, INSHIETOERT
FHHIEEAE LD B naked DNA TR TH S Z
EMBT5NS. DNATIZFOFRHRELT, L

HTUIXAPCCEEEGTEATSZET, RNEME
PURICHNT S Thl IO REFENTRETH D &
MET 5NDH, BETEARO DNA BiECE R
FREOERENSGEZEZDE, BELETIXIER
DNA i L O HUREA APCRHTREL, ZhnGmE
FEIZ DN B AR N &R EIN D,
UEDZ EnS, Hsp70 2FUFH L 7= DNA 77 75
CORAITBNTD, BREFRROKILSE APC
DA oM TR Z 2 EENEL. LERo T,
APC DA Ol THRI L = HspT0—HRE &K 2
APCIzFUNU =L, EMNZIOZXTLE >
F—a EFEETLHIETHspI0 Z2F B L =
DNA 77 F > Osh Rl HGHE I N5 (Fig. 5).
bibNE IS5 LeEZ0HE, His-Hsp70- 1R X
TFROBEY NV BEERRTSTIAIR
DNA Z#EL, YUAENEZEE5EO CTL FE
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Fig. 4. Transgene Expression by Naked and Complexed Plasmid DNA in Skeletal Muscle (A) and Mouse Dendritic Cell Line, DC2.4

®)

(A) Plasmid DNA encoding firefly luciferase was injected into the quadriceps of mice as the naked or complexed form with methylated bovine serum albumin
(mBSA) at indicated doses and weight ratios. At 3 days after injection, the luciferase activity was measured. (B) Naked or complexed plasmid DNA was added to
DC2.4, and the luciferase activity in the cells was measured 18 h after transfection. Results are expressed as mean +S.D. of three mice or three determinations.
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