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ABSTRACT

Nanomedicine is beginning to impact the treatment of several diseases and current research
efforts include development of integrated nano-constructs (theranostics) which serve as probes
for imaging and therapy in addition to delivering macromolecules intracellularly. In cancer, there
is a vital unmet need for effective alternative treatments with high specificity and low systemic
toxicity. This can be achieved by targeting key molecular markers associated with cancer cells
with reduced effective drug doses. Here, we show an innovative proof-of-principle approach for
efficient killing of proliferating ovarian cancer cells by inactivating a protein associated with cell
proliferation namely, the nuclear Ki-67 protein (pKi-67), using nanotechnology-based
photodynamic therapy (PDT). Antibodies against pKi-67 are widely used as prognostic tools for
tumor diagnosis. In this work, anti pKi-67 antibodies were first conjugated to fluorescein
isothiocyanate (FITC) and then encapsulated inside liposomes. After incubation of OVCAR-5
ovarian cancer cells with these liposomes, confocal microscopy confirmed the localization of the
antibodies to the nucleoli of the cells. Irradiation with a 488 nm laser led to a significant loss of
cell viability. The specificity of this approach for pKi-67 positive cells was demonstrated in
confluent human lung fibroblasts (MRC-5) where only a small population of cells stain positive
for pKi-67 and only minimal cell death was observed. Taken together, our findings suggest that
pKi-67 targeted with nano-platform is an attractive therapeutic target in cancer therapy.
Keywords: Nanotechnology, Ovarian Cancer, Proliferative Index, Photodynamic Therapy,
Antibody

1. INTRODUCTION

Cancer therapies are now in development which block or interrupt specific pathways or proteins
that are intricately involved in the proliferation of cancer cells. One such protein that is involved
in cell proliferation is pKi-67. Expression of the nuclear Ki-67 protein is strongly up regulated in
proliferating cells'. For this reason, antibodies against this protein are widely used as prognostic
tools for the assessment of cell proliferation in biopsies from cancer patients. Proliferating cells
highly express the Ki-67 protein in all active phases of the cell cycle (G1, S and G2, as well as
mitosis)’. Photodynamic therapy (PDT) is an approved treatment modality for various malignant
and non-malignant diseases and is FDA approved as first line treatment for age-related macular
degeneration. It has had considerable clinical success in treating various cancers and is routinely
used for obstructive esophageal cancer and cases of advanced and early lung cancers. PDT
involves light-based activation of a chemical called photosensitizer (PS) to produce cytotoxic

free radicals*’.
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Nanoparticles, in particular liposomes have been used for intracellular delivery of
macromolecules and provide a multifunctional platform for the incorporation of contrast agents
for enhanced diagnostics, treatment and therapy monitoring®''. Nanoparticle formulations of
anti-cancer agents are in various stages of pre-clinical and clinical development. Several such
formulations are already used in the clinic for treatment of various diseases including cancer.

In the present study we target the nuclear Ki-67 protein by combining nanotechnology
and PDT. In this preliminary proof-of-principle study we demonstrate inactivation of pKi-67
using two antibodies, namely TuBB-9'? and MIB-1" conjugated to a widely used chromophore,
fluorescein 5(6)-isothiocyanate (FITC). The two antibodies recognize Ki-67 in two different
states. We use a nanotechnology based intracellular delivery system where the antibody-FITC
conjugates are encapsulated inside non-cationic liposomes. The treatment effects are
demonstrated in monolayer ovarian cancer cells. The specificity of this approach for cells that
are positive for pKi-67 is demonstrated in confluent human lung fibroblasts (MRC-5) where only
a small population of cells expresses pKi-67. The results of the study suggest that pKi-67 is an
attractive therapeutic target in cancer and this approach holds promise as an effective alternative
therapy for cancer.

2. RESULTS

2.1 Liposomal constructs deliver antibody intracellularly

The liposomal constructs consisting of FITC-labeled TuBB-9 or MIB-1 antibody and a lipid
bilayer were first characterized by DLS and found to be in a size range of ~180 nm. OVCAR-5
cells were then incubated with these constructs at a concentration of 20 nM FITC equivalent.
After 24 hours FITC fluorescence could be detected inside the nucleoli of the cells by confocal
laser scanning microscopy, indicating the localization of the FITC labeled antibodies at the site
of the Ki-67 protein (Fig. 1a, b). b
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Fig. 1 (a) Schema showing the nanotechnology-based pKi-67 targeting strategy. (b) Confocal lasers can images
showing delivery of TuBB-9-FITC to the cell nucleoli (scale bars, 10 pm).

2.2 Light irradiation leads to cell death in OVCAR-5 monolayer cultures

Next we investigated the effect of irradiation with an Argon laser at 488nm and 5J/cm” on cell
viability of OVCAR-5 cells, which have been incubated with the liposomal constructs for 24 h.
The MTT results showed a prominent decrease in viability of cells incubated with L-TuBB-9-
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FITC and interestingly no significant effect on viability in cells incubated with L-MIB-1-FITC.
Cell viability decreases 48 h after irradiation to 24.49% (Fig 2). The controls show that
irradiation of the free TuBB-9-FITC antibody without liposomal envelope has no significant
influence on cell viability. Also is cell viability unaffected by irradiation of cells without any
conjugate or L-TuBB-9-FITC incubation without light.
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23 Irradiation of non-cancer human lung fibroblasts cells (MRC-5)

Flow cytometer stainings of pKi-67 in MRC-5 cells demonstrated that non-confluently grown
cells were almost to 80% positive for pKi-67, while cells grown to confluency expressed pKi-67
in less than 20% of cells. To test the treatment efficacy on low Ki-67 expressing non-cancer cells
we incubated MRC-5 cells with the constructs and determined cell viability after light
irradiation. Interestingly the MRC-5 cells grown to confluency showed no significant effect on
cell viability with neither of the constructs (Fig. 3). In contrast, non-confluently grown cells
showed a decrease in cell viability to 22%, when incubated with the L-TuBB-9-FITC constructs.
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3. CONCLUSIONS

Here, we show the first antibody-targeted inactivation of a nucleolar protein in large cell
populations and consequently the first evidence that inactivation of pKi-67 leads to cell death in
proliferating cells. Most protein knock-down methods interfere with the synthesis pathway of the
protein; however, here we show an innovative approach for targeting the active protein itself.
Packaging of the antibodies inside liposomes made the delivery into the cytoplasma of cells
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possible. In agreement with earlier findings, that the pKi-67 fraction recognized by TuBB-9 is
involved in the synthesis of ribosomal RNA'*', light irradiation of ovarian cancer cells showed
a significant decrease in viable cells when incubated with liposomal TuBB-9-FITC constructs,
but not if incubated with liposomal MIB-1-FITC constructs. For the MIB-1 recognized fraction a
function has not been addressed yet. It also demonstrates vividly the specificity of the photo
inactivation, because photoactivatable FITC is delivered to the nucleoli of the cells with both
antibodies, but only pKi-67 targeted with TuBB-9 constructs lead to cell death. Interestingly, low
pKi-67 expressing human lung fibroblasts showed no significant effect on cell viability after
treatment. This may make an additional targeting of the constructs for in vivo therapy obsolete.
For in vivo studies a PS with higher absorbance in the red wavelength range should be used for
higher tissue penetration of the light. Taken together, we show a novel approach for targeting
and elimination of proliferating cancer cells. The results of the study suggest that targeting pKi-
67 with nanotechnology-based PDT could be an attractive alternative cancer therapy.
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