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Summary of the Award publications (around 2000 words ) :

Advances of medical science in the treatment of cancer have reached a bottle
neck. The most important reasons for this are drug resistance, the difficulty of drug
penetration in the high interstitial fluid pressure (IFP) of the solid tumors, and cancer
stem cells. Trying to avoid the side effects that occur as a result of toxicities to normal
tissues, we often give sub-optimal doses of anticancer chemotherapeutics, resulting in
the eventual failure of therapy, which is often accompanied by the development of
drug resistance and metastatic disease. Wishing to resolve these problems, our lab is



developing ligand-targeted therapy for cancer. This strategy increases the therapeutic
efficacy of cancer treatment by increasing the drug accumulation in the tumor tissue
which reduces the drugs’ side effects on normal tissues. Ligand-targeted therapy
makes possible tumor specificity and limited toxicity and shows promise in the
development of novel therapies for cancer.

Traditional chemotherapy became one of the pillars for the treatment of cancer.
These drugs are more prone systemically toxic normal cells because they are not
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them from normal cells. When
the recognized ligands link with cytotoxic reagents, they could bring sufficient
chemical drugs to tumor mass. In this way, tumor cells can be exposed to abundant
cytotoxic drugs and be killed. Ligand-targeted therapy may not only improve the
therapeutic effectiveness of cancer treatment, it also allows avoiding the problem of
toxicity to normal tissue. Accordingly, the phenomenon of incomplete tumor response,
early disease relapse, and ultimately, the development of drug resistance stemming
from suboptimal doses will be reduced. Furthermore, delivery of chemotherapeutic
drugs to tumor tissue by affinity of targeting ligand may overcome an obstacle in
cancer therapy caused by high tumor IFP and improve anticancer drug efficacy. Phage
display, a selection technique in which a peptide or protein is expressed as a fusion
with a coat protein of bacteriophage, results in a display of the fusion peptide or
protein on the surface of the virion. Recently, we have developed phage display
methods to identify the receptors expressed specifically on cancer cells and tumor
vessels (Cancer Research 2004 and 2007). The strategy for identification of
tumor-targeted ligand and development of ligand-targeted therapy is shown in Fig. 1.
Many nanopartical delivery systems for anticancer drugs have entered the clinic
and have been shown to have improved anticancer effects because they can improve
the pharmacokinetics and pharmacodynamics of their associated drug. Liposomes are
the most advanced form of particulate drug carriers. The drug delivery research field
has successfully constructed long circulating liposomes that accumulate in tumor



tissue where the entrapped drugs then have to
leak out of the liposomes by “passive
diffusion.” Passive targeting can result in

increases in drug concentrations in solid tumors #"’"
of several-fold relative to those obtained with /.,'-‘ - ::
free drugs. It is thought that the mechanism of ——_ ooy
action of the liposomal drugs is due to sustained @

release of drug from the liposomes and
diffusion of the released drug throughout the tumor interstitial fluid, with subsequent
uptake of the released drug by tumor cells. The range of diameters in targeting
liposomes is approximately 65-75 nm (Fig. 2). However, because tumor vessels lack
tight junctions between adjacent vasculature endothelial cells, the size of the gaps
between the cells that line tumor blood vessels has been estimated to be 100-600 nm,
which is large enough to allow the extravasation of most liposomes from the vessel
into the tumor interstitial space through these pores. The targeting liposomes were
found to have an enhanced anti-tumor effect and to decrease the side effect (Cancer
Research 2004 and 2007; Molecular Cancer Therapeutics 2008).

Recently, we have developed methods of identifying the targeting ligand
specifically bound to nasopharyngeal carcinoma (NPC) cells. In an effort to develop
ligand-targeted therapy, we used peptide-linked liposomes that carried doxorubicin to
treat SCID mice bearing human cancers. The targeting liposomes were found to have
an enhanced anti-tumor effect and to have significant clinical potential in a targeted
drug delivery system (Cancer Research 2004). This novel research was acclaimed by
Lancet Oncology (6: 6, 2005) and patents were granted in 2006 and 2007 in Taiwan
and the USA, respectively.

Using in vivo phage display, we have identified several ligands able to target
tumor vessels of solid tumors. Targeting peptides recognized the neovasculature of
multiple tumors in SCID mice, but did not target normal blood vessels. Using these
peptide-functionalised liposomes for targeted therapy was found to have excellent
therapeutic effects (Cancer Research 2007). Interestingly, the targeting liposome
increased therapeutic efficacy to each of these six human cancers including human
lung, colon, breast, liver, pancreatic and oral cancer xenografts (US patent 2007,
Taiwan patent 2007; PCT patent 2008). This targeting liposome was also found to
markedly inhibit the angiogenesis of tumors and have an enhanced anti-tumor effect
(Fig. 3). The current study indicates that ligand-targeted therapy offers improved
therapeutic effects over conventional anticancer drug therapy (Cancer Research 2007).
Peptide-mediated liposomes that target tumor cells and vasculature are a new
generation of chemotherapy delivery systems with superior pharmacokinetics,




controlled biodistribution,
efficacy, and safety profiles.
Academia Sinica has Mouse
licensing-out these results to
a biotechnology company for
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preclinical try.
We have setup a platform
to quickly select

disease-specific antigen mimics from serum samples of human patients. Using this
technique, we identified several B-cell epitopes of SARS which corresponded to
novel coronavirus (SARS-CoV) and developed a highly sensitive, specific and
convenient serologic diagnostic reagent for SARS. Our results contributed to the
development of diagnostic reagents and to our understanding of the pathogenesis of
SARS (Journal of Infectious Diseases 2004). These results have led to a patent
(Patent# 225929, 2005). For further identification of neutralizing epitopes, sixty-five
immunopositive phage clones that bound specifically to other SARS patient serum
samples were selected. These phage-borne peptides had five consensus motifs,
including two which corresponded to the amino acid sequences reported for the Spike
protein of SARS-CoV (US Patent # 10/945,648). By combining the immunopositive
phage clones and synthetic peptide, we were able to obtain 95% diagnostic sensitivity
and specificity for detecting infected serum from SARS patients (US Patent #
10/945,648).



