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Conventional strategies of cancer treatment, like chemotherapy, radiotherapy and surgery, suffer from unwanted collateral damage to healthy tissues because of inadequate diagnosis, invasive procedures, non-specific drug action and systemic toxicity. This can lead to functional debilitation and negative cosmetic repercussions in the healthy tissue. Hence there remains a need to explore other novel treatment modalities that can minimally invasively yet site-selectively treat cancer without harmful side-effects. One such modality is photodynamic therapy (PDT). The major advantage of PDT is that, unlike conventional chemo- or radiotherapy, both the photosensitizer (PS) and the irradiating light are inert by themselves and hence PS accumulation in non-specific tissues confers much reduced systemic toxicity. Successful clinical PDT application has been demonstrated in the treatment of cutaneous squamous and basal cell carcinomas, esophageal, bronchial and cervical malignancies, and palliative treatment of head-and-neck cancers.
 In spite of such promise, several challenges exist in establishing PDT as an effective modality for treatment of deep tissue tumors. The first issue is that of a safe and effective systemic delivery platform that can facilitate preferential uptake of the PS in the tumor while avoiding accumulation in uninvolved tissues. Many photosensitizers are highly hydrophobic, requiring IV-formulation in lipidic surfactants like Cremophor or Tween-80, or organic solvents like ethanol and propylene glycol. Unfortunately, such excipients produce inflammation, hypersensitivity and systemic toxicity, especially if multiple doses are administered. Also, such formulations result in variable tissue distribution and unwanted retention over time. Significant phototoxicity and photosensitivity can result from such unwanted PS retention in plasma or tissues easily exposed to light (e.g., the skin and eyes). The second issue is that of directing the intracellular uptake of PS within the tumor. PS uptake in tumor has been traditionally attributed to hydrophobic association of the PS with low-density-lipoprotein (LDL) and subsequent delayed uptake of the LDL-PS complex by upregulated LDL receptors in the tumor. These interactions are of limited efficacy regarding ‘rapid and preferential tumor uptake’. Hence, after systemic administration there is a ‘waiting period’ when the PS accumulated non-specifically in uninvolved tissues clears such tissues, while that accumulated in tumor tissues is retained due to poor lymphatic drainage.  Only then can the tumor tissue be photoirradiated without the risk of affecting healthy tissues in the light path. 
In consideration of these challenges, we are developing a ligand-modified nanoparticle system that can enable delivery of a PS preferentially to tumors and also facilitate intracellular uptake of the delivered payload. Our template nanoparticle is a biodegradable block-copolymer based micelle system (<100 nm in dia) that has already shown significant efficacy in drug delivery in cancer. We have modified the polymer surface with the peptide YHWYGYTPQNVI (GE-11) which has high affinity for epidermal growth factor receptors (EGFRs). Many cancer cells express high level of EGFRs compared to normal cells, since EGF-binding to these receptors mediate multiple signal transduction cascades promoting cancer cell survival and metastasis. EGFR is an internalizing receptor and hence we hypothesize that ligand-mediated binding of nanoparticle to EGFRs will enable rapid internalization of the nanoparticles and its payload in EGFR-overexpressing cancer cells. For PS we have used silicon phthalocyanine Pc 4, a second generation PS with enhanced chemical purity, reduced photobleaching and high molar absorption at tissue-penetrating red light (>670 nm). The Pc 4-loaded GE-11-modified micelles were studied in vitro for intracellular Pc 4 delivery and PDT in EGFR-overexpressing A-431 cell lines. Cells were incubated with targeted vs non-targeted micelles for 1 hr, 5 hrs and 24 hrs, followed by removal of micelle suspension and photoirradiation with a diode laser. Following this, PDT effect on the cells was evaluated using MTT assay and fluorescent Live/Dead assay. We also investigated mechanism of cell death using suitable apoptosis assays in flow cytometry. Our studies showed that the unmodified (non-targeted) micelles passively deliver the Pc 4 intracellularly only upon long periods of incubation (> 5 hrs), possibly by membrane fusion-based passive internalization mechanisms. In contrast the GE-11-modified micelles show significant intracellular uptake even at 1 hr incubation, possibly by receptor-mediated endocytosis. Accordingly, analysis of PDT effect showed significant cell death at 1 hr in cells incubated with targeted micelles compared to untargeted micelles. But at 24 hrs, the cell death in both groups had no significant difference. These results have important in vivo implications from the rationale that once administered intravenously, both modified and unmodified micelles will accumulate preferably within the tumor via passive EPR mechanism, due to their nanoscale diameter. But once accumulated within the stromal tissue of the tumor, the GE11-modified micelles can enable rapid intracellular uptake by active receptor targeting, compared to passive internalization of the unmodified micelles. This can potentially influence the time at which the target tumor will be exposed to photoirradiation and PDT, to impart maximal cell killing.      
