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Among the various types of human Interferons, human
Interferon-p (HulFNfB) has the strongest antl-proliferative
activity against human melanoma cell lines. Therefore, we
investigated the growth inhibitory effect of a cationic
lipesome containing the HulFNf gene on human melanoma
cell lines in vitro and in vivo. After transfection with
liposomes containing the HulFN-p gene, human melanoma
cell lines produced HulFNf In the culture medium at levels
ranging from 67 to 3.8 |U/ml on day 6, and growth of the
cells was Inhibiled by 71-92%. Moreover, six injections of
liposomes containing the HulFNP gene completely eradi-
cated human melanoma nodules transplanted onto the
backs of nude mice 40days after the first injection.
Histological analysls of the injected nodules revealed that
the HulFNf gene transfection Induced apoptosis of the
human melanoma cells. These data suggest that transiec-
tion of the HulFN{ gene using cationic liposomes is a
promising candidate for gene therapy of human melanoma.
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Introduction

The incidence of malignant melanoma has been
increasing by 5% per vear for the last 40 years in
Caucasian as well as other populations. At present,
there is no effective treatment for patients with
recurrent and/or advanced melanoma. Gene therapy,
including immunogene therapy, has received particu-
lar attention as a promising treatment modality for
melancma, since conventional chemotherapy and
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radiotherapy have limited efficacy. Thus, experimern-
tal studies and clinical trials have been undertaken
using retrovirus and/or adenovirus vectors to deliver
various kinds of genes.1 However, clinically effective
gene therapy has not yet been established. Lipo-
somes have been used as a safer alternative to virus
vectors in experimental and clinical trials in mel-
anoma,”” though the transfection rate is not so high.

Cationic liposomes are among the most attractive
vectors for human gene therapy because they are
not infectious and have little immunogenicity or
toxicity. Morphologically, cationic liposomes are
divided into three main types: small unilamellar
vesicles (SUVs), large unilamellar vesicles (LUVs) and
multilamellar vesicles (MLVs)., SUVs bind the genes
of interest to their surfaces to produce DNA-Jlipid
complexes. This type of liposome has already been
used in human gene therapy for cancer. Nabel ez al’
applied this type of liposome to gene therapy for
patients with melanoma. They reported that direct
injection of a DNA (a gene coding for HLA-B7)
liposome complex induced regression of some
melanoma nodules in patients with metastatic mel-
anoma.” In contrast, LUVs and MLVs generally entrap
the genes within the liposomes, rather than at the
surface. Recently, we found that catiopic multilamel-
lar liposomes containing N-(a-trimethylammonioace-
tyD-didodecyl-D-glutamate chloride (TMAG) were a
very useful vector for gene therapy against experi-
mental brain wmours, especially malignant
gliomas.‘i'g In April 2000, we started clinical triais of
gene therapy for malignant glioma using MLV lipo-
somes containing the HUlENf gene.
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HuIFNR is a multifunctional cytokine with antivir-
al, antiproliferative and antiangiogenic activity, and
its protein has been already used as an antitumour
agent against glioma and melanoma.'® To our
knowledge, no information is available about HulFNf
gene therapy for melanoma using MLV liposomes.
Therefore, in this study we assessed the antiproli-
ferative activity of MLV liposomes containing HulFNJ
gene on cultured human melanoma cells and exam-
ined the #n vivo effects on human melanoma
nodules transplanted onto the backs of nude mice.

Materials and methods

Cell lines

The human melanoma cell lines RPM-EF, RPM-MC,
G361, MM-AN and Colo38 were maintained in RPMI
1640 medium containing 10% fetal calf serum (FCS)
and 2 mM L-glutamine.’? They were cultured at 37°C
in a 5% CO; atmosphere.

Animals

Female nude mice, KSN, aged 6-8 weeks, were
used. They were kept and bred under pathogen-free
conditions in the animal facility of our university.

Monoclonal antibody (MAb) and conventional
antisera (MAb MIB-1 to Ki 67 antigen) was pui-
chased from Immunotech (Marseille, France). The
Vectastain ABC kit and biotinylated anti-mouse Ig
xenoantibodies were purchased from Vector Labora-
tories (Burlingame, California, USA). The apoptosis
detection kit was purchased from Oncor (Gaithers-
burg, Maryland, USA).

Lipids

Positively charged lipid, TMAG, dilauroyl phosphati-
dylcholine (DLPC) and dioleoyl phosphatidylethano-
lamine (DOPE) were purchased from Sogo Phar-
maceutical Co. Ltd, Tokyo, Japan, Sigma Chemical
Co., St Louis, Missouri, USA, and Avanti Polar-Lipids,
Inc., Petham, Alabama, USA, respectively.7

Plasmids
A pSV2IFN( was constructed by inserting the

HindlI-Bglll large fragment of pSvdhfr, HulFNp
¢DNA and deoxyoligonucleotides into an SV40-
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derived expression vector (Toray Industries, Inc.,
46
Tokyo).

Preparation of liposomes containing
pSV2IFNB

For the preparation of the pSV2IFN(-containing
liposomes, TMAG, DLPC and DOPE in a molar ratio
of 1:2:2 (total amount 1 pmol) were dissolved in
0.5 ml of chloroform. The solvent was then evapor-
ated and the lipid film was wetted with 0.2 ml of
phosphate-buffered saline (PBS) containing 20 pg of
PSV2IFNJ and then suspended with a vortex agitator
for 2min. The volume of the suspension was
adjusted to 0.5 ml with PBS.

Gene transfer and growth irhibition of
cultured melanoma cells

For this, 1 m! of melanoma cell suspension in culture
medium (5 X 104/ml) was placed in each well of a
Falcon plate (047, Franklin Lakes, New Jersey, USA)
and incubated at 37°C for 24h in a humidified
atmosphere of 5% CO,. The culture medium was
collected 3 and 6 days after addition of the lipo-
somes (15 nmol/ml of lipid and 0.3 pg/ml of DNA)
and the amount of HulFNf3 was measured.

The growth-inhibitory effect of HulFNB gene
transfer to melanoma cells was evaluated by count-
ing the number of viable cells as described pre-
viously."'5 In addition, blocking of the growth-
inhibitory effect was evaluated using MCA (YSB-1),
which reacts specifically with HulFNJB. One unit of
MCA (YSB-1) was able to neutralize HulFNP from
100 to 10 IU and was provided by Toray Industries,

Inc,, TOkyo,Japan.B

Gene transfer and in vivo growth
inhibition of metanoma nodules in nude

mice

Fragments of the tumours (3 mm in diameter) were
transplanted subcutaneously onto the backs of mice
by means of a trocar needie. When the transplanted
tumours had grown to 7 mm in diameter, the mice
were divided randomly intc the following four
treatment groups: group 1, one intratumoral injec-
tion of PBS (15 pl); group 2, one intratumoral injec-
tion of empty liposomes (150 nmeol lipid in 15 pl);
group 3, one intratumeral injection of liposomes
containing pSV2IFNB (3 pg DNA and 150 nmol lipid
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in 15 ub; and group 4, six intratumoral injections of
liposomes containing pSVZIFNG (3 g DNA and
150 nmol lipid in 15 ph. In this last group, the
liposomes were injected every other day. Growth
inhihition of transplanted tumours was evaluated by
measuring the tumour size every 2 days with the aid
of microcallipers. Tumour volume was calculated
using the formula ab®/2, where a is the width and b
the length of the tumour. The relative tumour size
(%) was calculated from the formula I,/T X 100,
where Ty = tumoeur weight immediately before the
intratumoral injections and 7, = tumour weight after
the in;‘ectious.]4

Detection of HUlFNf

The amount of HUIFNf in the medium was deter
mined by an enzyme-linked immunoassay modified
by Yamazaki et al'® In this assay the accurate
detection limit of HuIFNf was 2.5 IU/ml.

Histopathological analysis

Tumours were removed from nude mice 30 days
after administration of PBS, empty liposomes or
liposomes containing pSV2IFNf. Tumour tissue was
fixed in 10% neutral buffered formalin, routinely
processed and paraffin embedded. Histopathological
analysis was evaluated with conventional haematox-
ylin and eosin staining of tissue sections. The
detection of apoptotic cells in tissue sections was
performed using a TUNEL assay kit (ApopDETEC cell
death assay system, Enzo Diagnostic, Inc, New York,
USA) according to the manufacturer’s instructions.

Results

Production of HUlFNf by cultured
melanoma cells transfected with
liposomes containing pSVY2IFNB

HulFN[} was detected in the culture medium of each
of the five human melanoma cell lines at 3 and
G days after the transfection of pSVZIFNE (Table 1).
The levels of HulFN{ ranged from 67 IU/ml in RPM-
EP cells to 3.8IU/ml in Colo38 cells on day®6.
Treatment with empty liposomes did not -affect
HulFNS production in any of the cell lines,

Table 1. Level of HulFNB in melanoma cells transfected with
pSV2IFN. For this, 1 ml of melanoma cell suspension in culture
medium (5 x 10%ml) was placed in each well The culture
medium was collected 3 and 6days after addition of the
liposemes containing pSV2IFNR (15 nmol/mi lipid and 0.6 pg/mi
DNA). The amount of HulFNB was measured by enzyrme
immunoassay (1= 5). Values given are means = 8D

Cells Incubation time (days)

¢ 3 6
RPM-EF ND 30.6+4.3 €7.3x84
RPM-MC ND 105+24 122+£3.2
G361 ND 223+52 285+ 6.7
MM-AN ND i35+ 19 217 +42
Colo38 ND 40+£1.3 384109

ND, not detectabie.

Growth inhibition of cultured melanoma
cells transfected with liposomes
containing pSV2IFNB

Viable cultured melanoma cells were counted 3 and
6 days .after transfection with pSV2IFNP (Table 2).
Growth inhibition was observed in all the melanoma
cell lines; it ranged from 56% in G631 cells to 34% in
RPM-MC and Colo38 cells on day 3, and from 92% in
RPM-EP and G361 cells to 71% in Colo38 cells on
day G. On the other hand, adding exogenous 100 1L/
ml HulFNJ} produced only 40% growth inhibition in
non-transfected RPM-EP cells on day 6. The growth-
inhibitory effects were correlated with the level of
HuIFNP in the culture medium. Adding 50 units of
MCA (YSB-1) to the medium of transfected RPM-EP
cells caused an undetectable level of HuIFNP in the
medium and the growth-inhibitory effects were
reduced significantly but not completely. Treatment
with empty liposomes did not affect cell growih in

any of the cell lines.

In vivo growth inhibition of melanoma
tumours transfected with liposomes
containing pSV2IFNP

Tumours injected with PBS (group 1) grew linearly
frem the time of injection to a volume three times
the size by 60 days after the implantation (Figures 1
and 2). In contrast, a single injection of liposcmes
containing pSV2IFNS (group 3) suppressed tumour
size for 40 days and inhibited tumour size by 44% at
60 days after the implantation. No growth inhibition
was observed in tumocurs receiving & single injection
of empty liposomes {group 2) In mice receiving six
intratumoral injections of liposomes with pSV2IFNf
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Table 2. Growth-inhibitory effecis of endoganous HulFNf in cultured humman melanoma cells transfected
with pSV2IFNp. For this, 1 ml of melanoma cell suspensicn in culture medium (5 X 10%/ml) was placed in
each well. Csll growth was evaluated on days 3 and 6 by counting the number of trypan blug-excluding cells

in a haemocylometer {7 = 5). Values given are means + SD expressed as numnber of cells X 10%/ml

Cells Control Liposome
Incubation time (days) Incubation time (days)
0 3 0 3 6
RPM-EP 48106 10.3£ 141 18.7£0.9 48+06 50+1.3 1.5+ 0.6
RPM-MC 45407 84108 16.4 £ 2.1 454+07 55%1.1 28404
G361 51103 168+19 18.4 £+ 3.0 51+£03 4.8+ 07 1.4 +£0.2
MM-AN 45407 8.2+16 146+ 27 45+ 0.7 4.0+ 11 33x1.2
Colo38 44107 64207 9.1x20 44107 42+08 26+£09
300 tained 30 days after the implantation revealed necro-
—a— control ) o .
—i— empty tic areas within the tumours in all four groups.
—e— liposome(S) Sections from tumours from group 4 mice displayed
o —o— liposome(M) \ . .
® 200 | the highest degiee of necrosis. Melanoma cells with
E‘ eosinophilic cytoplasm and pyknotic nuclei were
2 also seen in all tissue sections. The number of these
__°2j cells was significantly higher in group 4 than in
< 1007 groups 1 and 2. Staining of serial sections revealed
&« that these cells were identical with apoptotic kit-
positive cells (Table 3). In addition, the number of
ol Ki G7-positive cells in group 4 was significantly
0 10 20 30 40 50 60 70 80 lower than that in groups 1 and 2.
Days

Figure 1. Effects of injection of cationic liposomes containing
pSV2IFNE on the growth of human melanoma transplanted to
nude mice. 0, six intratumcral injections of PBS (15 ul); 4, six
intratumoral injections of empty liposomes (150 nmol lipid/15 pl);
», one infratumaral injection of liposomes containing pSV2iFNR
(3pug DNA and 15Cnmol lipid in 15W); o, six intratumora!
injections of lipcsomes containing pSV2IFNB (3 pg DNA and
150 nmol lipid in 15 ). Injection times are indicated by arrows
on the x axis. Melanoma nodules were evaluated by measuring
the size every 2 days with the aid of microcallipers, and tumour
volume and relative tumour size were calculated (see Materials

and methods).

(group 4) the size of the tumours was suppressed
and the tumours disappeared completely within
40 days postimplantation. Repeated injection of
HuIFNPB protein (5 X 10% IU six times) inhibited the
size of melanoma nodules to some degree but they
did not disappear completely (data not shown).
Moreover, HulEN{ protein was detected in the
intratumeoral region for at least 3 weeks in group 4,
while it was detected for Jess than 10 days in the
group receiving injections of HulFNf3 protein.

Histopathological analysis

Histopathological analysis of the haematoxylin and
eosin stained sections of the tumour nodules ob-

340 Melanoma Research - Vol 11+ 2001

Discussion

We have demonstrated for the first time that human
cultured melanoma cells, transfected with pSV2IFN,
produced HulFNP and were inhibited in their
growth in wvitro. The growth-inhibitory effect was
HulEN] specific, since it was blocked by anti- HuTFNp
antibody. The growth of melanoma cells was much
more strongly inhibited than that of glioma cels
reported in our previous studies.*” One possible
reason for this difference is higher susceptibility of
melanoma cells to HulFNf3 protein. Moreover, in this
study, human melanoma nodules subcutaneously
transplanted to nude mice completely disappeared
after six injections of pSV2IFNf-containing Lipo-
somes. In our previous study, growth of glioma
nodules was significantly inhibited but did not
disappear complctely.7 To the best of our know-
ledge, this is the first study showing complete
disappearance of human melanoma nodules trans-
planted to nude mice with transfection of the HulFN{
gene alone,

The mechanisms that may underlie the growth-
inhibitory effect of HulFNf on human melanoma
cells deserve some comments. Although addition of
exogenous HulFNf has shown anti-proliferative but
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Figure 2. Macroscopic features of the transplanted human mela

b

noma nodules 60 days after implantation. a The tumour nodule

completely disappeared in mice after six intratumoral injections ot liposomes containing pSY2IFNP. b The tumour nodule in controf

mice increased rapidly in size.

Table 3. Number of Ki 67-positive and apoptotic cells in
melanoma tissue sections. Apoptotic metanoma cells were
detected immunohistochemically using a TUNEL assay kit.
Values given are means = SD

Group Ki 67-positive cells (%)  Apoptotic cells (%)
1 489+ 2.9 22+14

2 45146 38+22

3 ND ND

4 39.8+£6.7 75139

ND, not detectable.

not cytoloxic activity against melanoma cells #n
vitro, 0" melanoma cells transfected with HulFN[3
gene were strongly inhibited in their growth in this
study. Local higher concentrations of HulFNB con-
tinuously secreted from transfected melanoma cells
may work more effectively on themselves i viftrg
and in vivo. Regarding this point, Hanson et al’
published recently an interesting paper. According
to their study, the sensitivity of melanoma cells to
interferons is dependent on the expression of the
interferorr gene, which is located at chromosome
9p21 and is often deleted from melanoma cells.
Therefore, transduction of HulFN{ gene might be
able to make human melanoma cells much more
susceptible to HulFNP. In addition, Qin et alt’
demonstrated that ex vivo interferon-f gene trans
fection by replication-defective adenovirus, with a
transfection. rate less than 1%, blocked tumour
formation in immune-deficient mice. Our present
study, along with these reports, indicates that
endogenously produced HUIENP caused by HulFNf

gene transfection has a powerful cytocidal effect on
human melanoma.

Immunohistochemical analysis revealed that
HulFNP gene transfection reduced the number of
cells in the cell cycle and induced a significantly
higher degree of apoptosis, which was surely
responsible for the growth inhibition. Melcher ef
al'® demonstrated that induction of necrosis is
important in increasing tumour immunogenicity via
heat-shock protein. Not only apoptosis but also
necrosis of melanoma cells caused by HulENf gene
transfection could increase the efficacy of the
therapy by activating the host immune system.
Analysis of immune system activation by this gene
therapy is underway in our laboratory using a
syngeneic mouse melanoma system.

The present study suggests gene therapy using the

HulFNB gene is promising in melanoma. We are
currently investigating the systemic effects of immuno-
conjugated liposomes labelled with human single
chain fragment of variable region of anti-high mole-
cular weight-melanoma associated antigen antibody
(HMW—%) in order to target the gene to metastatic
lesions. ™™
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