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Lipoplatin as a Trojan horse for cancer: Evidence that
Lipoplatin  nanoparticles fuse with, and enter also by
phagocytosis through, the cell membrane
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The Molecular Biology and Chemistry teams of Regulon led by Drs Teni
Boulikas, Maria Belimezi, Thalia Katsari and Ioannis Tsogas, have
provided evidence that Lipoplatin nanoparticles enter inside the
cytoplasm of MCF7 breast cancer cells in culture. The mechanism
involves fusion of Lipoplatin nanoparticles with the cell membrane.
During this study, the lipids of Lipoplatin nanoparticles were labeled
with fluorescein isothiocyanate (FITS). The fluorescent nanoparticles
were then incubated with cell cultures for various times ranging from 5
min to 24h and the cells were fixed and visualized by confocal
microscopy (see Figure 1). The lipids of Lipoplatin are responsible for
the green color in these pictures; individual cells are shown with the
dark area inside them representing the nucleus containing the DNA.
Liposomes without drug were also used as a control.

This study has provided proof that the lipids of Lipoplatin labeled with
FITS are transferred initially (less than 5 min) to the cell membrane of
MCF-7 cells in culture and are then (from 5 min to 24h) docked to the
interior of the cell. Lipids of Lipoplatin may also enter the cytoplasm by
phagocytosis. The membrane fusion is proposed to modulate signaling,
an important process for cancer cell proliferation.

Internalization of the fluorescently-labeled lipids inside the cell (except
to the nucleus that appears dark initially but with some labeling
between 15 min to 24h postincubation) is evident in this study. The
nuclear localization of lipids suggests DNA damage. At that stage the
toxic cisplatin has been emptied inside the cytoplasm of theh tumor
cell after fusion or the entire Lipoplatin nanoparticle has been
internalized and destroyed by intracellulat lipasses to release the toxic
drug also inside the cell. The process, says Teni Boulikas, Founder of
the Company, is superior to that of other liposomal drugs in the
market, such as Doxil (Caelyx) that are unable to cross the cell
membrane barrier of the tumor and are less efficient as anticancer
drugs.

This process (of both fusion and phagocytosis) has been proposed by
Teni Boulikas in the original patent application in 1999 (granted by the



United States Patent and Trademark Office in 2003) as well as in a
review and several research articles. The process was proposed to take
place because of the presence of the fusogenic lipid DPPG on the
membrane of the Lipoplatin nanoparticles. The fact that the lipids of
Lipoplatin are internalized by tumor cells also confirms another
hypothesis put forward by Teni Boulikas: Lipoplatin nanoparticles are
considered as “nutrients” by the tumor cells known to “be hungry” and
engage avidly in phacocytosis, more so than normal cells. This process
was proposed to bring an advantage to liposome nanoparticles for
anticancer drug delivery compared to other “synthetic nano-materials”
used in nanotechnology.

The implications of these processes are profound.

1. Lipoplatin delivers its toxic payload readily (within 5 min after
reaching its cancer cell target) resulting in the destruction of the
cancer cell

2. Lipoplatin could be used in patients previously treated with other
platinum compounds (oxaliplatin, carboplatin, cisplatin) who have
developed resistance to these drugs at the level of the cell membrane.
Lipoplatin can bypass this major type of resistance. Cells of patients in
such tumors are impermeable to platinum drugs because of down-
regulation of the membrane cisplatin transporters (Ctrl). Provided that
the platinum drugs in the market (cisplatin, oxaliplatin, carboplatin)
are used in over 50% of human cancers and the fact that resistance is
a major hurdle of chemotherapy, Lipoplatin offers hopes to treat

resistant tumors.
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Figure 1a. Time-course processing of FITC-labeled liposomes using confocal
microscopy.
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Figure 1b. Time-course processing of FITC-labeled liposomes using confocal
microscopy.
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About Lipoplatin

Lipoplatin is based on the world-wide approved "“Queen of
Chemotherapy” cisplatin. Although cisplatin was introduced to the
clinic in the 70s it is still extensively used. Lipoplatin is a successful
liposomally encapsulated form of cisplatin that is anticipated to replace
cisplatin in chemotherapy because of its lower side effects, enhanced
efficacy, and its ease of administration; in fact, Lipoplatin is being
administered on an outpatient basis and without pre- or post-hydration
compared to cisplatin treatment that requires at least 2 days of
hospitalization.

Lipoplatin has significant additional pharmaco-economic implications:
there is less use antiemetics and of the expensive hemotopoietic
factors EPO and G-CSF with Lipoplatin, compared to cisplatin,
treatment. The absence of Grade III-IV nephrotoxicity in Lipoplatin
also eliminates the expensive hemodialysis treatments for life required
for a percentage of patients treated with cisplatin and causing
permanent damage to their kidneys.

In human studies Lipoplatin has shown a 40- to 200-fold higher
accumulation in solid tumors and metastases compared to the
adjacent normal tissue after intravenous administration to patients.
The mechanism of tumor accumulation involves extravasation of its
nanoparticles through the compromised walls (endothelium) of the
tumor vasculature and its leakiness inside the tumor tissue. The
nanoparticle can then cross the cell membrane and is readily
internalized, thus delivering its toxic payload directly inside the tumor
cell where it inflicts DNA damage and modulation of signaling
pathways leading to preferred apoptosis (death) of the tumor cell.



Lipoplatin has currently finished successfully a Phase III clinical
evaluation against non -small lung cell cance r (NSCLC) in
combination with paclitaxel whereas a separate Phase III against
NSCLC in combination with gemcitabine has shown very positive
interim results. These studies are expected to lead to registration of
the drug by EMEA (European FDA) covering 27 EU countries (over
30% of the over $50 billion anticancer world market). Its registration
is expected to be as fist line in the world’s largest cancer indication,
NSCLC, as well as its off-label use in over 50% of human cancers.

About Regulon, Inc

Regulon, Inc. with headquarters in Mountain View, California, and R&D
in Alimos, Athens, Greece is a biotechnology company focusing on the
discovery, testing and commercialization of anticancer drugs and with
demonstrated abilities in the liposomal encapsulation of toxic drugs.
Past achievements of Regulon include the liposomal encapsulation of
cisplatin (1999) considered one of the best anticancer drugs against
epithelial malignancies. An additional breakthrough is the liposomal
encapsulation of oxaliplatin (2003) giving a nanoparticle formulation,
Lipoxal, currently under Phase II evaluation. Regulon is also a leader
in gene therapy with the first liposomal virus carrying human
anticancer genes to be implemented into a clinical study,
internationally (LipoVIL12). Regulon is a internationally-recognized
partner in liposomal drug delivery and has attracted 5 EU and 5
Hellenic research grants.



