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Treatment af Xenografis by Transfection with Liposome Vectors

Seven-week-old female BALB/ nu/nu nude mice were purchased from CLEA Japan, Inc.
{Tokyo, Japan). The mice were maintained in aceordance to institutional guidelines of the
Hoshi University Animal Care and Use committee. Mice were inoculated subcutancously
with 1 x 10° AsPC-1 cells that had been resuspended in 100 pl of growth medium. Using
Sit-G- and MEL-liposome. four groups were divided according to the treutment schedules:

CPMK-tk with Sit-G-lipesome injection and GCV weatment; pMK-tk with MEL-liposome

injection and GCV weaiment: PBS injection (30 ul) instead of pMK-ik and GCV {rewt-

ment: PBS injection (30 pl) instead of pMK-tk and PBS injection instead of GCV reatment.

On day 0 after tumeor inoculation when wmors had reached a volume of more than 200
mim?, pMK-tk (20 ug/mousc) with liposome vectors was injected directly into the twmor

once every two days 4 times for 7 days (days 0, 2, 4, and 6 after tumor inoculation). Start-

ing i day after transfection of pMK-tk with lipesome vectors, three (o seven umor/groups
were treated intraperitoneally twice a day 4 times for 7 days with GCV {04 mg/mouse/
day) (days 1, 3.3, and 7 after tumor inoculation). Next, for long-term observation using

Si-G-liposome, two groups were divided according to the treatment schedules: pME-k

with Sit-G-liposome injection and GCV wearment: Sit-G-iposome injeetion and GCV

weatment. On day 0 alier wmor inccelation when tumors had reached a volume of about

200 pun®, pMEK-tk (20 pg/mouse) with Sit-G-liposome or Sit-G-liposame alone was injected

directly into the wmor once every two days 3 times for 9 days (days 0. 2. 4. 6. and 8 after
wnor incculation). Starting 1 day after ransfection of pMK-tk with liposome veetors, three

o seven wmorfgroups were treated intraperitoneally twice a day 5 times for 9 days with
GCV (0.4 mg/mouse/day) (days 1. 3, 5, 7, and $ after tumor inocplation), Tamor velume
was calculated using the formula /6 X larger diameter % {smaller dameter)™.

Statistical Analysis

Statistical significance of the data was evaluated by the Swudent’s ttest. A P value of 0.03
or less was considered significant. All experiments were repeated at least two ines,

Results

Liposome Formulae Containing Sit-G ‘ P
It was reported that liposomes composed of T1%20, DC-Chol, and Sit-G (TH2DC-Chol?
Sit-G=1.3/271, weight ratio) can form easily dispersed lipoplexes even in the presence of
serum (Hwang et al., 2001}, To enhance transfection efficiency, we improved formulation
with $it-G. We selectad the combination of cationie lipid sind helper lipid, DC-Chol/DOPE and
DOTAP/Chel, because they were reporied to show high wraasfection efficiency in vive {Li
ot ol 1998; Wang ot al., 1998: Kawakami et al., 20000, DOTAP is cationic lipid with oleoyl
chains and tertiary amine, DC-Chol with cholesterol moiety and quaternary smine. The con-
centration of Si-G in the liposome formulae can be increased 10 26 mol% maximun (Shimizu
ot al,, 1996), We prepared two formulations of liposome containing 20 to 25 mol% Sit-G in
DC-Chol/DOFE (DC-Chol/DOPE/SH-G (2/2/1, mole) and DOTAP/Chol (DOTAPChol/iSit-0
{27171, mole). These liposomes were stable and could be stored for several months at room
wemperature without any change ia panicle size (data not shown). After addition of Sit-G. the
diameter of DC-Cho¥/DOPE liposomes increased from about 120 am to 163 am {Table 1),
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and that of DOTAPCh! liposomes from about 83 nm to 1753 nm (data aot shown) The
C-potentiad of these liposomes wes abowt 30 mV w0 60 mV.

’ For optinization of the charge rato (/-1 of two types of liposome (DC-Chal/DOPE and
DOTAP/Chol) containing 8i-G 1o pDNA, lucifersse activity was measured in HepG2 eells
transfecied with liposomes at vartous charge ratios {47~ in medivm with or without serum. as

shown in Fig. 2. Tn the presence of serum, the charge ratio (/- in the range of about 2/
w0 3/1 showed the highest rans .:mian efficiency, and particularly at the charge ratio {+/~ of
" 371 in liposomes, the transfection efficiency increased in the presence of serum. DC-Chol/
DOPE systern in the presence of serum seemed to show higher ransfection efficiency than
DOTAP/Chol one. Tx20 showed 1.01 2 0,04 x 10° (RLU/mg protein} luciferase activity
the optimal charge ratio (+4~3 of 271 when incubated in the medium without serum. 8i-G-
liposomes (DC-Chol/DOPE/SH-G [2/2/1]. mole. at the charge ratio [+/~] of 3/1 in Tig. 21
showed comparable tansfection efficiency (1531 £ 083 % 108 RLUfme protein) 1o that by
Tix20 {charge ratio [+/~]=2/1) even in the preseace of serum (Table 1). Inbibition of fipofec-
tien by serum has often been reported (Faneca et al. 2004). However, Sit-G-liposomes
increased the transfection efficiency despite the presence of serum in the medium. In further
studies, thesefore we used the DC-Chol/DOPE system and a charge ratio (+/4-) of 3/1 of lipo-
ne o pDNA as Sit-G-liposomes.

Liposomne Farmulae Containing MEL

A bioswrfactant of MEL produced by veast has mannose and erythritol residues in #ts mol-

ecule; therefore, we expected that this might also be able to form small-sized lipoplexes
{33 DOChoVDOPESEG 224} liposome by DOTAPChol/Si-G {2471 liposame
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Figure 2. Gene expressions in HepG2 cells wansfecied with two types of lposemes (DC-Chol/
DOPE {2} and DOTAPChal [B]) containing Sit-G st various charge ratios (&) in mediym with or
without 10% serum. HepG2 ¢at a density of 3 x 107 culighve 2113 was seeded in 12-well plates 24 h
before transfection. La’!i«m}dpi)\ A complexes wers diluted with medium with or without serum
e a finad conce nimw;z of 2 1z pDNA in | ml medivm per wall, Alter nansfection in the media
without seram for 20§ il of the mediam was added o the wells and culture was continued for an
additional 24 b. For immsfection with 10% serum. cach cell was incubated for 24 b in medium,
Each colum represenss e mean & 55 (n=3-6} ({3 without seruz: (B) with 10% serum.
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Figure 3. Effect of MEL contuined In Bposomes (DC-CholVDOPEMEL=32/0.5-2, molar ratio)
on gense expression in HepG2 colls in medinm with or withoul 10% serum. Aliguots of 2 ge of
pDNA (PAAV-CMV-Juc) were complexed with 2ach Eposome at 2 charge ratio (/- of 3 per well.
Other experimental conditions were identical 10 thase described in the Fiz, 2 legend, Bach colvma
ropresents the mean & 8D (= 3.6} MEL (0.53=DC-Chol/DOPE/MEL=3/2/0.5. molar ratio, MEL
{N=DC-CholiDOPEMEL =321, MEL (Z)=DC-Chol/DOPEMEL=32/2. () whhoul serum:
(Bl with 1% serum,

like Sit-G. When the molar ratio of MEL 1o DC-ChoVDOPE (= 3/2. male) was changed
from .10 4.5, 1, and 2 (corresponding 10 MEL [01, MEL $0.5). MEL {1]. and MEL {2]
liposomes, respectively), the diameier of Jliposomes containing MEL was about 80 nm.
while liposomes without MEL were about 120 nm in size. These liposome suspensions
were stable and could be stored for several months at room femperature without any
change in particle size (data not shown). T

The effect of MEL in liposomes at various additional ratios of MEL at the charge
ratio {+/-) of 3/1 was investigated on gene expression in the medimm with or without
serum {Fig. 3). When MEL wuas increased, the transfection efficiency was increased
slightly, and MEL (2) showed the highest luciferase activity in the presence of serum.
Thercfore. in the following studies. we used MEL {2) liposomes as MEL-liposomes.

Contrel liposomes composed of DC-Chol/DOPE produced sggregation when mixed
with pDNA at the charge raio (+/-) of 3/1, while Sit-G- and MEL-liposomes formed
about 300-nm-sized Sit-G- or MEL-lipoplexes, showing high wansfection cfficiency
{Table 1},

Cytotoxicity

We exwmined the eytotoxicity of liposome vectors (Fig. 4). The concentration of the cat-

tonic lipid used in the cell line experiment was about 20 UM in both Si-G- and MEL-
liposomes. resuling in a cell viability of about 70% for Sit-G-fipoplex and 30% for
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Fizure 4. Cywiosic activity of $it-G- and MEL-liposomes, und their lipopleses 1o Hela cells. Cells
were incibated In medium contuining two types of Liposomes and lipoplexes for 24 h. Cell viability
was determtined by WST-8 assay, Dua represent the meas £ 50 (n=4), Sit-Geliposomes: DC-Chol/
DOPESI-G=22/1 (mole). MEL-Hposomes: DC-Chol/DOPEMEL=3/2/2 {mole). Lipoplex was
farmed m a charge stio (=) of lposome/DNA=31. :

MEL-lipoplex. Sit-G- and MEL-liposomes showed decreased cytotoxicity when com-
plexed with pDNA. It might be due to that the positive surface charge of lipoplexes may
b decreased by addition of pDNA 1o liposomes.

a .

In Vitro TK Expression with Lipssome Vectors -

TK expression by the MK or HSV promoter in HeLa cells was compared by transfection
with $itG- and MEL-liposome in medinm with 10% serum (Fig. 5). Tt was confirmed that
HelLa cells expressed MK mRNA by RT-PCR analysis {Hattord and Maitani, 2005). Sit-G-
and MEL-liposome showed sigaificantly higher pMK-th activity, about 30 fo 40 tmes
han that in noatransduced cells, The Sit-G-liposome showed higher pME-1K activity thun
the HSV-tk one.

Suppression of Growth of AsPC-1 Xenografis

It was reported that MK prometer-mediated suicide gene therapy effectively produced
eytotoxic effects in AsPC-1 cells (Mivauchi et al., 2001}, Therefore. to stody the therapeu-
tic potential of liposome vector on the solid wmor model in mice established by AsPC-1
cells, we administered pME-tk with liposome directly into the tumor and further GCV by -
Lp. injection (Fig. 6}, The treatment schedule consisted of four conseentive intratumoral
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Figare £ Comparison of TK expression by MK and HSV prometer in Hela colls teansfected with
Sit€i- and MEL-liposome in medivm with 10% seram. Cells received no pDNA In control experi-
ments, Aliguots of 2 pg of pDNA {(pMK-tk or pHSV-1K) were complesed with eech liposome at charge
ratio {+~1 of 3 per well. After 3 24-h incubation, cells were washed with medivm and cell culture was
continued for an addisional 48 b, Each column represents the mean £ 53D {n=3). ¥ p< 0L

injections. cach of pMK-k (20 pg/mouse) with two kinds of liposomes or the same vol-
ume of PBS as two controls, OF these groups, only the mice treated with transfection by
Sit-G-liposome saw delayed wmor growth at 4 1o 6 days after starting transfection
compared with controls (p > .05}

To observe the change in tumor growth for fong-term use of Sit-G-liposome. we
administered pMK-tk (20 pg/mouse) with Si-G-liposome or $it-G-lipeseme alone
directly into the tumer and further GCV by i.p. injection (Fig. 7). The treatment schedule
consisted of five consceutive intratumoral injections, each of pMK-tk or the same volume
of Sit-G-liposame suspension as a control, The mice treated with translection of pMK-tk
by Sit-G-liposome showed significantly reduced mor growth compared with those
treated with Sit-G-liposome alone at 30 days alter starting transfection {p < 03). This
finding suggested that the antitumor response was caused not by toxicity of Sit-G-ipo-
somes bul by uansfection of Sit-G-lipoplex agaiost the tumor,

Digcussion

Among synthetic vectors, fipoplexes have been the most frequently employed and the
most intensively stodied. Lipoplexes are large. heterogeneous, and unstable, especially at
high pDNA concentrations. They form as 1 result of electrostatic binding between cationic
liposomes and negatively charged pDNA., and they are inherently difficult to manipulate.
To protect larger-sized tipoplexes, we prepared inftially small-sized liposomes by addition
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Figure 6. Effect of liposome vectors with pMK-k administered dircetly Into the tamor on tamor
growth in HSV.k zene theeapy, Seven-woek-old female BALB/C nude mice were s.c. inocutated
with 1 % [P AsPC-1 cells, On day O after inoculision of wemor ceils, pME-k {20 pg/mouse) with
liposome vectors wore adminiserad direcily into the remor measuring with 0.6 10 0.7 om in diameter
in animals once every two davs 4 tmes for 7 days. Animals inoculated with fiposome vectors were
further reated with GCV starting 1 day after gene 1ransfection. GOV was admiaistered by Lo, injec.
tion vwice a day 4 times for 7 days & a dose of 0.4 mgdmouseiday. Two control groups were treated
by injection of PBS (30 ul) instend of pMK-k and injection cither of GOV {04 mg/mouse/dayy or .
PBS. Tumor volume was measured using calipers and caleuited. Each point represents the mean £
SE {n=3-T7) ‘

of Sit-G or MEL 1o DC-Chol/DOPE liposomes and could prepare about 300-nmesized
lipoplexes, whereas lipoplexes of DC-Chel/DOPE liposomes as a control resulied in
aggregation in modium with serum, Si-G and MEL may be good dispersams in preparing
lipoplexes.

The early condition of incubation of lipoplexes, with the cells in the presence of
serum Or pot is important for change of sizes of lipoplexes because farge complexes are
often more officient in transfecting cells in vitro {Felgner et al., 1994}, The transfection
cfficicney may be reflected from uptake of lipoplexes to the cells until about 3 h after
incubation because transfection was observed 6 h after incubation (data not shown). The
transfection efficiency of the luciferase marker gene by Sit-G- and MEL-liposome was
enhanced in the presence of serum, comparable to that by Tix20, a commercial gene trans-
fection reagent in the absence of serum. One of the reasons is that Sit-G may form easily

ispersed lipoplexes in the presence of serum (Hwang ot ol 2001), suggesting that the
alycoside residue in Sit-G molecule prevents the interaction of lpoplexes with serum,

[l



370 Muaitani et 1.

o

o]

s
i

—ac— Sit-G lipoplex

o

g

o
i

—8—Sit-G liposome

Lod e LA

o] [y [

<o < L]
1 i L]

F'umor volume (mm')

’

S
<
1

0
-10 0 10 - 20 30 40
Days after transfection

Figure 7. Effect of Sit-G-iposome vector with pME-k administered divectly o the twmor on
nemor growsh in HSV -tk gene therapy. Seven-week-old female BALB/e mixle mice were s.€. ingen-
Lated with 1 x 10% AsPC-1 cells, On day § after inoculation of tumor celis. pMK-tk (20 png/monse)
with Bposome vector or iposame slone was sdministered directly imo the wimor measuring with 8.5
1 0.6 om in diameter in animals once every two days 3 tmes for 3 days. Animals ineculated with
fiposome vector were further treated with GCV starting 1 day after gene transfection. GOV was
adrinistered by ip. injection twice a day 3 times for 9 days at a dose of 0.4 my/mouse/day, Each
point represents the mean £ 5E {n=3-7), %, p < 03,

This indicates the usefulness of Sit-G- and MEL-liposomes as wansfection reagents. How-
ever, the exact mechanism involved in the eshancement of gene cxpression by serum is
not knowa, .

The size of lipoplexes, about 300 nm, seemed rather large, B\ the lipoplexes can be
used for intratumoral and intravenous injection, The size of the lipoplex is an important
factor in transfection, Large lipoplexcs were reporied to contribute 10 the enhanced gene
expression in vito (Felgner ot al, 1994: Zhang ot al.. 1997; Ross and Hui, 1999: Turek
et al., 20000, Here. the size of our lipoplexes was almost 300 nm. Therefore, size effect of

- wransfection may be avoided. Cellular mechanisins of $it-G- and MEL-fiposomes might be
different.

In consideration of selectivity and safety. we selecied the MK promaoter for the appii-
cation of suicide gene therapy. MK, a growth/differcntiation factor, is expressed predomi-
nantly in various types of human wmors, whereas s expression in adult normal tissues is
highly restricted (Tsutsul et al., 1993), TK expression by pMK-tk mediated by Sit-G- and
MEL-liposomes was confirmed in Hela cells to be comparable 10 that by pHSV-tk with
the HSV promoter. This finding suggested that the MK promoter driving MK-positive
ceils could achieve tssue-targeted gene expression. Although luciferase expression of Sit-
G-liposome was higher than that of MEL-liposome, TK expression by these liposome vee-
wrs was not significantly different, not correlating with the Tuciferase wansfection
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efficiency. These findings strorgly suggested that Sit-G- and MEL-liposomes could be
applicable to in vivo HSV-tk gene delivery.

~ Compared with Sit-G- and \iEL»i;pupict Sit-G-lipoplex was less cytotoxic, 5it-G-
liposome reduced significantly tumor size by day 30 after the start of irnsfection of pMK-
ik gene therapy. compared with Sit-G-liposome alone. These findings suggested that
cytokines induced by a noaspecific manner by intratumoral injection of lipoplex might not
contribute the reduction of the wnor size, The reason that the effect of Sit-G-liposomes on
‘amor growth suppression was different from that of MEL-liposome vector is not clear,
but it might be related to the fact that mhibition of enhanced glucose transport in GCV-
treated cells increased apoptosis (Haberkom et al., 2001} with glucose residues in Sit-G in
nanoparticles and liposomes (Nakamura et al., 2003). Gur finding suggested that HSV-1k
gene therapy could be performed by repeated intratumoral administration of Sit-Gelipo-
some vector system, Further study of the optimization of the formulae of Sit-G-liposome
and therapeutic desizn is needed to be used in vivo for this therapy.

We have shown that injectable lipoplexes (about 300 to 350 nm) could be obtained by
addition of Sit-G or MEL to cationic liposomes, Smaller-sized Sit-G- and MEL-lipoplexes
might be obtained by the dispersity of the sugar residue of Sit-G and MEL in the presence
of serum. These liposome vectors showed high transfection of the luciferase gene and TK
activity in the cells. Sit-G-liposomie is a promising vector in gene-based therapy.
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