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Abstract

Effective drug delivery in pancreatic cancer treatment remains a major challenge. Because of the
high resistance to chemo and radiation therapy, the overall survival rate for pancreatic cancer is
extremely low. Recent advances in drug delivery systems hold great promise for improving cancer
therapy. Using liposomes, nanoparticles, and carbon nanotubes to deliver cancer drugs and other
therapeutic agents such as siRNA, suicide gene, oncolytic virus, small molecule inhibitor and
antibody has been a success in recent pre-clinical trials. However, how to improve the specificity
and stability of the delivered drug using ligand or antibody directed delivery represent a major
problem. Therefore, developing novel, specific, tumor-targeted drug delivery systems is urgently
needed for this terrible disease. This review summarizes the current progress on targeted drug
delivery in pancreatic cancer, and provides important information on potential therapeutic targets for
pancreatic cancer treatment.
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Introduction

Pancreatic cancer has the worst mortality rate and the lowest overall survival (OS) in all
cancers. The incidence of pancreatic cancer is gradually increased with 42,470 predicated new
cases in the United States in 2009, in which 35,240 will die. Only about 10% of patients are
presented with resectable disease and are suitable for potentially curative surgery [1]. Even for
patients who are qualified for surgery, aggressive metastasis often occurs after the operation,
which is highly resistant to conventional chemotherapy and radiation therapy. Therefore,
prognosis of pancreatic cancer is very poor, and the incidence almost equals with the mortality
rate, with 5-year survival less than 5%.Patients with locally advanced disease have 6-10
months of median survival, and patients with metastatic disease only have 3-6 months of
median survival [2,3]. Novel strategies to treat this deadly disease are urgently needed.
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Chemotherapy is still the only option in metastatic pancreatic cancer treatment although at
most of the times chemotherapy is purely palliative with minimal impact on survival [4].
Gemcitabine (2'-2'-difluorodeoxycytidine) represents the standard chemotherapy for all stages
of pancreatic adenocarcinoma in the last decade [5]. However, neither gemcitabine alone nor
gemcitabine-based combinational chemotherapy achieve a favorable outcome in advanced
disease. New adjuvant therapy targeting at specific markers in pancreatic cancer using
molecular approach may represent a promising strategy in the diagnosis and treatment of
pancreatic cancer. Those molecular approaches have been rapidly developed in recent years,
which include antisense oligonucleotides, RNA interference (RNAI), gene restoration, suicide
gene therapy, small molecule inhibitors, antiangiogenic and matrix metalloproteinase
inhibitors, oncolytic viral therapy, immunotherapy, and antibody therapy. Currently many of
those approaches have not been tested in clinical applications, and most of the treatments are
combined with standard chemotherapy or radiotherapy for maximum benefits [6]. In order to
achieve ideal efficiency of chemotherapy or adjuvant therapies, effective delivery is a key issue
in pancreatic cancer treatment. This review summarized the current progress on targeted drug
delivery in pancreatic cancer including the therapeutic agents, vehicles, delivery routes, and
targets for specific delivery to pancreas, and provides important information on new strategies
for pancreatic cancer treatment.

Therapeutic Agents

SiRNA

In addition to the conventional chemotherapy drugs such as gemcitabine, fluorouracil (5-FU),
and platinum agents (oxaliplatin, cisplatin, carboplatin), new therapeutic agents have been
developed recently which target at cell surface receptors, ligands, transcriptional factors,
mutant genes, or the immune system in pancreatic cancer. Those agents include small
interfering RNAs (SiRNAs), antisense nucleotides, suicide genes, toxins, oncolytic viruses,
small molecule inhibitors, and antibodies through non-toxic, controlled released vectors such
as liposomes, nanoparticles, and carbon nanotubes (Table 1) [7-13]. These therapeutic agents
will provide a new perspective on pancreatic cancer treatment using molecular approaches.

RNA interference (RNAI) is a new technology and has become a powerful tool in silencing
gene expression in most cells. sSiIRNA or short hairpin RNA (shRNA) based therapy have shown
great promise in many cancers. Targets for sSiRNA therapy are usually oncogenes, or genes
that are important in tumor growth and metastasis such as key molecules in angiogenesis,
survival, anti-apoptosis, and resistance to chemotherapy. A few examples using sSiRNA therapy
to treat pancreatic cancer are listed below. In BXPC-3 cells, siRNA against matrix
metalloproteinase-2 (MMP-2) suppressed the tumor cell adhesion and invasion [14]. Under
hypoxic conditions, sSiRNA targeting HIF-1a decreased pancreatic cancer cell proliferation and
induced cell apoptosis [15]. A recent study showed that blocking the sphingosine kinase-1
activity using siRNA can sensitize the pancreatic cancer cells to gemcitabine treatment,
indicating that development of a combinational therapy of sSiRNA with gemcitabine may
represent a promising approach in pancreatic cancer treatment [16]. Our study also found that
silencing of a zinc transporter ZIP4 by shRNA inhibits pancreatic cancer growth and
significantly increases the survival of nude mice with pancreatic cancer xenografts [17]. A
common limitation often seen in SiRNA therapy is the unanticipated off-target effects that
occur by siRNA recognition of other mMRNA with partial homology, and non-specific silencing
of genes in the normal tissues other than the target organ. Therefore, effective targeted delivery
system is warranted in siRNA therapy [8].
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Gene therapy

Gene therapy by expressing, restoring or inhibiting a particular gene of interest is expected to
prevent or reverse the growth of cancer cells. In pancreatic cancer, transfection of the tumor
suppressor gene p53 was found to suppress the growth of multiple human pancreatic cancer
cell lines. Adenovirus mediated wild-type p53 gene therapy induced cancer cell apoptosis and
suppressed tumor growth in a nude mouse subcutaneous model [18]. Moreover, reintroduction
of p53 to pancreatic cancer cells which were previously treated with gemcitabine increased the
cytotoxicity both in vitro and in vivo [19]. Xu el al has shown that efficient restoration of wild
type p53 function in squamous cell carcinoma of the head and neck (SCCHN) cells through
liposome delivery resulted in a significant increase in radiation-induced apoptosis which was
proportional to the level of exogenous wild type p53 in the tumor cells. Intravenous
administration of liposome-p53 sensitized established SCCHN nude mouse xenograft tumors
to radiotherapy. The combination of systemic liposome-p53 gene therapy and radiation caused
complete tumor regression and inhibition of their recurrence even 6 months after the end of
the treatment [9]. Restoration of other tumor suppressor, somatostatin receptors (SSTRs), also
inhibits pancreatic cancer growth. Our previous studies have shown that transfection of SSTR-1
induces cell cycle arrest and inhibits tumor growth in pancreatic cancer, and cotransfection of
SSTR-1and SSTR-2 further inhibits pancreatic cancer cell proliferation and renders pancreatic
cancer cells responsive to somatostatin analogue treatment [20,21]. Other tumor suppressor
genes used in gene therapy include Rb, p21, and p16 which regulate the G1 to S phase
checkpoint during the cell cycle. Reestablishing the expression of those genes could restrain
cancer cell proliferation [22].

Suicide gene therapy

Suicide gene therapy, also called prodrug system, is a two-step gene therapy, in which a suicide
gene is delivered to the tumor first which will lead to the expression of an active enzyme. And
aprodrug is subsequently administered which is cleaved and activated selectively by the suicide
gene encoded enzyme [23]. Cytosine deaminase (CD) is a bacteria derived enzyme that
converts the nontoxic agent 5-fluorocytosine (5-FC) to the active chemotherapeutic agent 5-
fluorouracil (5-FU). Transfection of the CD gene into BxPC-3 cells in combination with 5-FC
treatment inhibited tumor growth in vivo [24]. Similarly, administration of microencapsulated
genetically modified allogeneic cells, which expressed cytochrome P450, an enzyme that
activates the chemotherapeutic agent ifosfamide to its cytotoxic form, led to local activation
of systemically administered ifosfamide, and tumor reduction in a phase I/1l trial in 14
pancreatic cancer patients. The median survival was doubled in the treatment group compared
with the control, and 1-year survival was three times better [25]. The herpes simplex virus
(HSV) thymidine kinase gene (HSV-TK) is the most widely studied gene for suicide gene
therapy. HSVTK gene metabolizes the nontoxic prodrug, Gancyclovir (GCV), and turns it into
a GCV triphosphate, the active form. This metabolite can incorporate into the DNA helix and
inhibit both DNA synthesis and cell cycle progression, leading to apoptosis and cell death.
HSV-TK gene delivery followed by GCV, was found to be effective on inhibiting tumor growth
and metastasis of pancreatic cancer [26,27]. Tissue specific promoters are preferred in the
suicide gene therapy in order to achieve maximal efficacy and minimal toxicity.

Oncolytic virus therapy

Replication-deficient oncolytic viruses are engineered to replicate only in tumor cells, which
makes it an ideal therapeutic agent for cancer treatment. Those viruses kill tumor cells by a
variety of mechanisms including direct cell lysis, cell-cell fusion, toxic proteins, and induction
of antitumor immune responses [6,13]. Commonly used oncolytic viruses include adenovirus,
herpes simplex virus, and reovirus. ONYX-015 is an E1B-deleted replication-selective
adenovirus that preferentially replicates in malignant cells. A phase I clinical trial using
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ONYX-015 oncolytic adenovirus in patients with pancreatic cancer achieved favorable
outcome (tumor reduction or stabilization) in about half of the patients [28]. Most oncolytic
herpes simplex viruses (HSVs) are from type 1 HSV. Recently a novel oncolytic virus (FusOn-
H2) from the type 2 HSV has been developed. The FusOn-H2 virus hosts a deletion of the PK
domain in the ICP10 gene, and only replicates in Ras activated cells such as pancreatic cancer
cells. Delivery of FusOn-H2 through intraperitoneal route completely eradicated established
orthotopic tumors in 75% of the animals and prevented local metastases [13]. Reovirus can
also be used as an oncolytic agent targeting the activated Ras signaling pathway. In an
immunocompetent animal model, reovirus treatment could inhibit the peritoneal dissemination
of pancreatic cancer cells and decrease the liver metastasis. Immunohistochemical analysis
revealed that reovirus replication was only seen within the tumor cells but not in the surrounding
normal tissues [29-31].

Small molecule inhibitors

The first effective biological drug approved for the treatment of advanced pancreatic cancer
was erlotinib (TarcevaTN), a small molecule Tyrosine Kinase Inhibitor, which was licensed
by FDA in 2006 [32]. Erlotinib targets the intracellular domain of the epidermal growth factor
receptor (EGFR), and has been shown to improve survival when used in combination with
gemcitabine to treat metastatic pancreatic cancers [7,33]. Antiangiogenic agents have also been
used in the treatment of pancreatic cancer due to the fact that they could overcome some drug
resistance caused by insufficient penetration of cytotoxic chemotherapy in solid tumors. Other
small molecule inhibitors include farnesyl transferase inhibitors, matrix metalloproteinase
inhibitors, and COX 2 inhibitors [34].

Antibody therapy

More and more evidence suggest that the immune system plays an important role in the control
of tumor progression. Immunotherapies especially antibody therapy have shown great promise
in pancreatic cancer treatment. Many studies suggest that EGF and vascular endothelial growth
factor (VEGF) pathways are activated in a large amount of human pancreatic cancers. EGFR
and VEGF expression are associated with the prognosis of pancreatic cancer. It has been shown
that anti-EGFR monoclonal antibodies including Cetuximab and Matuzumab inhibit the tumor
growth and angiogenesis. Combination of anti-EGFR antibodies with gemcitabine or
radiotherapy led to significant growth inhibition of pancreatic cancer cells compared with the
single or double therapy [35]. In a recent case report, a patient with stage IV pancreatic cancer
showed response to chemotherapy with the addition of bevacizumab, a recombinant humanized
monoclonal antibody targeting VEGF, while initially was unresponsive to gemcitabine, 5-FU,
irinotecan and cisplatin treatment [36]. This study demonstrated the benefit of bevacizumab
used in combination with previously failed chemotherapy for pancreatic cancer. Anti-MUC1
antibody, (90)Y-DOTA-cPAMA4, in combination with gemcitabine showed a significant
inhibition of tumor growth and prolonged survival of the mice [37]. The in vitro study showed
that another anti-MUC1 antibody (213)Bi-C595 was specifically cytotoxic to MUC1-
expressing pancreatic cancer cells compared with the controls [38]. Mesothelin (MSLN) is a
tumor differentiation antigen that is highly expressed in human malignant tumors including
pancreatic cancer [39,40]. Anti-MSLN antibody MORADb-009 kills MSLN expressing cell
lines via antibody dependent cellular cytoxicity (ADCC). In addition, another anti-MSLN
antibody SS1P in combination with chemotherapy drugs also play a critical role in anti-cancer
therapy [41,42].

Drug Delivery Methods

The most commonly used carriers for drug delivery in pancreatic cancer treatment include
liposomes, nanoparticles, and carbon nanotubes. Those carriers can protect the drugs from
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degradation and will effectively deliver them to the target organs. The advantages of the carrier
encapsulation of the drugs include increased drug solubility, prolonged drug exposure time,
selective drug delivery to the target, improved therapeutic outcome, decreased toxic effects
and low drug resistance.

Liposomes have been successfully used as pharmaceutical carriers for anti-cancer drugs. The
liposomes contain lipid-based formulations to enhance the solubility of poorly soluble
antitumor drugs, and vector-conjugated liposomal carriers can be used for specific targeted
delivery to the designated tumor tissues [43]. Liposomes have been used to increase the
concentrations of lipophilic drugs in aqueous media as well as preventing the encapsulated
drugs from enzymatic degradation. The liposomal formulation of anti-cancer drugs such as
Doxorubicin or 5-FU are usually stable for several months to several years [44,45]. In a phase
I clinical study, a new liposomal cisplatin formulation, lipoplatin, showed an improved effect
and reduced toxicity in advanced malignant tumors [46]. Administration of gemcitabine loaded
pegylated liposome in human pancreatic cancer cell lines showed a significant reduction of
cell viability compared with the gemcitabine alone [47]. In a SCID mouse model which bears
BxPC-3 or PSN-1 xenografts, animals treated with gemcitabine loaded pegylated liposomes
showed a survival advantage, enhanced systemic bioavailability and increased inhibition of
tumor growth than gemcitabine alone, without obviously increased toxicity [47].

Traditionally, liposomes have also been used as a vector-conjugated carrier for gene
transfection in vitro. DNA can be incorporated with cationic lipids and then transported into
cancer cells for gene therapy. KAIL gene, a metastasis suppressor gene, was transfected into
pancreatic cancer cell line MIA PaCa-2 by liposome, which showed an inhibition of cancer
metastasis [48]. Furthermore, liposome can also deliver siRNAs or shRNAs to silence
oncogenes in pancreatic cancer. A liposome delivered siRNA targeting protein kinase N3
significantly inhibits tumor growth and lymph node metastasis in an orthotopic mouse model
for pancreatic cancers [49]. Our previous study indicates that liposome wrapped shRNA
targeting pancreatic and duodenal homeobox 1 (PDX-1) inhibited pancreatic cancer growth in
immunodeficiency mice [50]. We also found that liposome/human ZIP4 shRNA treatment
reduced the expression of ZIP4 in established xenografts, and inhibited pancreatic cancer
growth in an immunodeficient mouse model (unpublished data). In summary, more and more
basic research and clinical applications have indicated the great potential of liposome as
pharmaceutical or genetic carrier in cancer treatment. Further investigations are needed to
optimize this promising carrier to become more effective, nontoxic and highly selective for
drug delivery and gene targeting strategy in pancreatic cancer therapy.

Nanoparticle

The nanotechnology in cancer research has been developed rapidly which significantly
advances the diagnosis and treatment of pancreatic cancer. The novel applications of
nanotechnology in cancer treatment include drug delivery, new diagnostic imaging system,
development of advanced biocompatible materials, and nano-nutriment. Engineered
nanoparticles have become an important carrier for the above applications due to its unique
structure and characteristics such as a bigger surface to mass ratio compared with other
particles, the quantum properties, and the ability to bind, absorb and carry other compounds
such as drugs, nucleotides, and proteins. Particles within 1 to 100 nanometers appear to be the
optimal size for drug delivery [51,52]. A number of nanoparticle-drug combined formulations
(oral or intravenous) are at different stages of clinical trials. Oral nano-delivery systems are
developing quickly for its distinct merits in cancer therapy and the ease of administration. Using
bioavailable polymeric nanoparticle encapsulated rapamycin as a prototype for oral nano-drug
delivery has generated favorable pharmacokinetics and therapeutic effects as shown in a
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xenograft model of human pancreatic cancer. Oral nanoparticle/rapamycin administration
results in significant growth inhibition in cancer cells [53].

Nanoparticle can also be used to deliver imaging agents in cancer diagnosis. Semiconductor
quantum dots are popular luminescence probes for many biomedical applications because of
the particle size (approximately 10 nm in diameter), high photostability, tunable optical
properties, and multimodality. These composite nanomaterials have shown promising
efficiency in cancer diagnosis [54]. Manganese-doped quantum dots (Mnd-QDs) with lysine
are stably dispersed in aqueous media, which made it easy to combine with targeting molecules.
Receptor-mediated delivery of these quantum dots into pancreatic cancer cells has indicated
that the multimodal Mnd-QDs could be diagnostic probes for early pancreatic cancer imaging
and detection [55]. These studies suggest that quantum dots have a great potential to be a novel
safe and efficient optical imaging agent in diagnostic imaging for early cancer detection [56].

One of the major obstacles in cancer therapy is the toxicity and poor bioavailability of the
chemotherapy drugs. Nano-materials can reduce the systemic toxicity of the anti-cancer drugs
through targeted delivery. A gold nanoparticle delivered gemcitabine (directed by EGFR
inhibitor cetuximab) showed significant growth inhibition of pancreatic cancer cell both in
vitro and in vivo with minimal toxicity [57]. A PLGA-poloxamer nanoparticle was used as a
carrier to transfect a MBD1-siRNA plasmid into BxPC-3 cells and inhibited cell growth and
induced apoptosis [58]. A liposomal nanoparticle containing Raf-1 antisense oligonucleotides
also showed a therapeutic benefit against human pancreatic tumors in an athymic mouse model
[59]. Further studies on the safety, specificity, and delivery efficiency of nanoparticles are
warranted in order to extend the application of nanoparticles in cancer treatment [54].

Carbon nanotubes

Carbon nanotubes (CNTSs) hold great promise in drug delivery, imaging, cancer targeting and
therapies. It has been proved to be a versatile carrier for a wide variety of agents, including
chemotherapy drugs. CNTs are chemically and mechanically stable with easy incorporation
and slow release of the delivered drugs. The outside walls of CNTs can be chemically modified
to achieve any desired targeting effect. CNTs also have a large surface area, which makes it
capable to absorb and incorporate larger amount of drugs. There have not been any major
concerns on the cytotoxicity of CNTs, making them a potentially applicable drug delivery
vehicle [11,60].

The ability of carbon nanotubes to deliver drugs into tumor cells has generated huge enthusiasm
in the potential cancer treatment. Paclitaxol conjugated single-walled carbon nanotubes
(SWNT-PTX) led to higher efficacy in suppressing tumor growth than the clinical Taxol
treatment in a breast cancer animal model. Prolonged blood circulation and elevated PTX
uptake were observed suggesting that SWNT delivery provides enhanced permeability and
better drug retention. The incorporated drugs or other molecules are first uptaken by the cancer
cells and then slowly released from the SWNTSs before excreting via biliary tract without
systemic toxicity. When combined with monoclonal antibodies to target specific receptors on
cancer cells, the carbon nanotubes complex could be used as targeted agents with better
efficiency and less toxicity [61]. A recent study using EGF-directed carbon nanotube delivered
cisplatin has shown selective killing of the human head and neck squamous carcinoma cells
(HNSCC) which overexpress EGF receptors [62].

The carbon nanotube complexes could also be used for imaging as a biosensor. Single-walled
carbon nanotubes conjugated with cyclic Arg-Gly-Asp (RGD) peptides was used as a contrast
agent for photoacoustic imaging of xenograft tumors which showed strong photoacoustic
signals in the tumors. This may contribute to the non-invasive tumor imaging and monitoring
of nanotherapies in living subjects [63]. Moreover, the presence of carbon nanotubes with
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associated metal impurities can be detected in vivo by noninvasive magnetic resonance imaging
(MRI) techniques. Gadolinium-based carbon nanotubes have shown 100 times better efficacy
than the currently used clinical contrast agents, which will have a significant impact on MRI
technology in cancer treatment as an improved contrast agent.

There is growing body of literature recently on carbon nanotube delivered therapy in cancer
treatment. CNT-mediated heat release of the drug could produce thermal cytotoxicity to tumor
cells in cancer hyperthermia therapy [64,65]. Carbon nanotubes have also been used to form
stable complexes with small molecules such as siRNAs for delivery into cancer cells [66]. In
a lymph node metastasis animal model of pancreatic cancer, we have used modified magnetic
multi-walled carbon nanotubes (IMMWNTS) to investigate the feasibility of targeting
mMWNTSs to the lymph nodes through subcutaneous administration, and we found that the
degree of positive staining of lymph nodes correlates with the concentration of mMMWNTS.
Aggregation of magnetic particles was found around the metastatic foci within the lymph
nodes, and no particle agglomerates were found in other major organs. Therefore, MMWNTSs
appear to be a novel lymph node tracer which enables the small lymph nodes to be easily
recognized during a surgical resection to remove positive lymph nodes. This finding suggests
that subcutaneous administration of mMMWNTSs may be useful for diagnostic and therapeutic
purpose in regional lymph nodes [67].

Potential Targets for Specific Delivery

EGFR

Any therapeutic agents and delivery vehicles have side effects at varying degrees when
administered systemically. Identification of specific surface receptors or ligands in pancreatic
cancer that enables targeted delivery of chemotherapy drugs or other therapeutic agents to
pancreatic cancer cells will significantly reduce the toxicity and increase the efficacy of cancer
treatment. Several candidate genes have been indicated as potential targets for the specific
delivery in pancreatic cancer including EGFR, urokinase plasminogen activator receptor
(UPAR), transferrin, ERBB2, CA125, and stem cell markers such as epithelial cell adhesion
molecule (EpCAM), CD44, and CD133 (Table 2).

EGFR is overexpressed in majority of human pancreatic cancers. Activation of EGFR could
trigger key downstream signaling cascades in cancer cell proliferation, apoptosis, migration,
sensitivity to chemo-radiation therapy, and tumor angiogenesis. Moreover, conjugating EGF
in a delivery vector carrying anti-cancer drugs or imaging agents can facilitate the specific
delivery into cancer cells overexpressing EGFR such as pancreatic cancer cells [62,68]. In a
recent study, cisplatin and EGF were attached to single-wall carbon nanotubes (SWNTS) to
target squamous cancer cells HNSCC which overexpress EGFR. Through Qdot luminescence
and confocal microscopy, it was shown that SWNT-Qdot-EGF bioconjugates was rapidly
internalized into the cancer cells, and HNSCC cells were selectively killed in vitro, while tumor
growth was regressed in vivo [62]. EGF target delivery system has also been used in cancer
molecular imaging diagnosis. An EGF and dye conjugate were delivered into oral tumor cells
and tissues, and the presence of oral neoplasia could be easily visualized by an increase in
fluorescence contrast compared with normal mucosa [69]. In a colorectal cancer nude mice
model, optical imaging probes targeting EGFR (NIR800-EGF) were synthesized and used to
evaluate the therapeutic efficacy of cetuximab, an EGFR inhibitor. The NIR800-EGF
accumulation in tumors correlated with relative EGFR expression and EGFR occupancy by
cetuximab. The imaging approaches could benefit the noninvasive monitoring of the biological
effects of EGFR targeted cancer therapy [70].

Biochim Biophys Acta. Author manuscript; available in PMC 2011 January 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Yuetal.

uPAR

Page 8

Urokinase plasminogen activator receptor (UPAR) is highly expressed on most of pancreatic
cancer cells, and can be used as an optimal surface molecule for receptor-targeted therapy in
pancreatic cancer. An UPAR-targeted drug or toxin delivery system could selectively kill the
UPAR-expressing tumor cells [71,72]. In an orthotopic xenograft model for pancreatic cancer,
UPAR-targeted nanoparticles conjugated with a near-infrared dye-labeled fragment bind and
accumulated in UPAR highly expressing pancreatic cancer cells. Optical and MRI were used
to monitor the uPAR-elevated pancreatic cancer lesions. This novel receptor-targeted
nanoparticle is a potential molecular imaging agent for the detection of primary and metastatic
pancreatic cancer lesions [72].

Transferrin receptor

ERBB2

CA125

Transferrin receptor (TfR) is overexpressed in many types of cancer cells including breast
cancer, prostate cancer, and squamous cell carcinomas, and correlate with the aggressiveness
or proliferation of the tumor cells. Addition of the transferrin (Tf) ligand to a cationic liposome
complex resulted in significantly increased in vitro and in vivo transfection efficiency in
squamous cell carcinoma of the head and neck (SCCHN, 70-80% transfection rate compared
with only 5-20% by liposome alone). Both p53 gene and siRNAs have been successfully
delivered to the target organs using TfR conjugated liposomes or nanoparticles in treating many
types of cancers including pancreatic cancer [9,73-76].

ERBB?2 is a member of the EGFR family of receptor tyrosine kinases, also known as HER-2
or HER-2/neu. HER-2/neu is reported to be overexpressed on the surface of a panel of human
pancreatic cancer cell lines and can be used as a therapeutic target. Lyu et al used a single chain
Fv antibody (scFv23) targeting HER-2/neu to deliver tumor necrosis factor (TNF) to TNF-
resistant pancreatic cancer cells, and compared the cell responses to TNF alone, scFv23/TNF,
Herceptin, and combinations of scFv23/TNF with various chemotherapeutic agents including
5-FU, cisplatin, doxorubicin, gemcitabine and etoposide. Their results indicated that delivery
of TNF to HER-2/neu expressing pancreatic cancer cells using HER-2/neu as a targeting
molecule may be an effective therapy for pancreatic cancer especially when utilized in
combination with 5-FU [77]. In another study, a nanosized immunoliposome-based delivery
complex (scL) has been developed to deliver anti-HER-2 siRNA preferentially to tumor cells,
and sensitize human tumor cells to chemotherapeutics by silencing the target gene and affecting
its downstream pathways. This delivery method has been shown to significantly inhibit tumor
growth in a pancreatic cancer model [78]. The advantage of using HER-2/neu as a target
molecule is that it not only benefits pancreatic cancer treatment, but also can apply to other
cancer with HER-2/neu overexpression.

CAL125 is a cell surface associated glycosylated mucin protein, also known as MUC16. CA125
has been used for early detection of ovarian cancer in the past decades, and is also a valuable
serum marker in gastrointestinal cancers, including pancreatic cancer. Duska et al have used
a photosensitizer chlorin eg to conjugate to the F(ab’)2 fragment of the CA125 antibody, which
serves as a targeting molecule, in combination with cisplatin to treat cisplatin-resistant cells.
This treatment showed a synergistic effect on human ovarian cancer cells [79]. Recent studies
indicate that CA125 can bind to mesothelin, which is also overexpressed in pancreatic cancer.
Targeted therapy using CA125 and maybe in combination with mesothelin could be a
promising strategy for drug delivery in pancreatic cancer.
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Stem cell markers

Tumors contain a few embryonic-like cells, known as cancer stem cells or cancer-initiating
cells (CIC), which count for primary and metastatic tumor growth. Therefore, targeting those
cells is particularly important to eliminate tumors and prevent from tumor relapse. Gene
profiling of cancer stem cells in many tumors have identified several unique markers such as
CD24, CD44, CD133, CD166, EpCAM, and integrins. Their functions in cancer stem cell
maintenance and activity is largely unknown [80,81]. EpCAM is a carcinoma-associated
antigen and is overexpressed on most pancreatic tumor cells but not on normal cells. Salnikov
et al have shown that targeting of EpCAM by bispecific antibody EpCAMXCD3 inhibits
pancreatic cancer growth by using a BxPC-3 pancreatic carcinoma xenografts model [82].
Adjuvant treatment with monoclonal antibody of EpCAM reduced the 5-year mortality rate
among colorectal cancer patients with minimal residual disease [83]. Hong et al found that
CD44-positive cells are responsible for gemcitabine resistance in pancreatic cancer cells. After
high-dose gemcitabine treatment to eliminate most of the cells, CD44-positive cells
proliferated and reconstituted the resistant population of HPAC and CFPAC-1 cells. These
data indicate that in therapeutic applications, targeted therapy against CD44 may overcome
drug resistance in the treatment of pancreatic cancer [84]. CD133 is a pentaspan transmembrane
glycoprotein overexpressed in many solid tumors and has also been indicated as a potential
marker for cancer stem cell in gastrointestinal tract [85]. CD133 was found to be highly
expressed in more than 50% of pancreatic cancer, gastric cancer and intrahepatic
cholangiocarcinomas, and CD133 expression was shown to be correlated with lymph node
metastasis and vascular endothelial growth factor-C expression in pancreatic cancer [86,87].
Recently CD133 has been used as a potential target for antibody-drug conjugates in
hepatocellular and gastric cancers. A murine anti-human CD133 antibody conjugated to a
potent cytotoxic drug, monomethyl auristatin F, effectively inhibited the growth of Hep3B
hepatocellular and KATO Il gastric cancer cells [88]. Further studies are warranted for using
the stem cell markers as targeting molecules to treat pancreatic cancer.

Current Clinical Trials using Targeted Delivery

Targeted therapy against specific markers in pancreatic cancer, or targeted drug delivery which
use specific markers in pancreatic cancer to deliver chemotherapy or other drugs may
significantly improve the current therapies for pancreatic cancer treatment. There are
preclinical data that indicate synergistic effects using gemcitabine, erlotinib and capecitabine
to treat pancreatic cancer, and several inhibitors against cell surface receptors or cellular factors
have also been used for targeted therapy in pancreatic cancer including IGFR inhibitors,
antiangiogenic agents (axitinib, sorafenib), other EGFR inhibitors (gefitinib, lapatinib), anti-
NF«B agents (curcumin), anti-mesothelin antibody, and anti-integrin antibody (volociximab),
etc. [35,36,41,42,89-92]. However, there are very few clinical trials using targeted drug
delivery to treat pancreatic cancer. A phase I trial evaluating the safety of Rexin-G gene transfer
for advanced pancreatic cancer was initiated in 2005, in which a tumor targeted gene therapy
against cyclin G1 was delivered using a modified virus vector to treat pancreatic cancer.
Another phase | study used transferrin as a targeting agent to deliver nanocomplex with siRNA
against the M2 subunit of ribonucleotide reductase (CALAA-01) in adults with solid tumors
refractory to standard-of-care therapies. Thirty six patients are estimated to enroll from 2008
to 2010. In a recent phase I/11 study, a chemotherapy drug Doxorubicin (DOX) is adsorbed to
magnetic beads (MTCs), and the MTC-DOX is directed to the area of a tumor. The iron
component of the particle makes it possible to direct MTC-DOX to specific tumor sites by
placing a magnet on the body surface. It is hoped that MTC-DOX used with the magnet may
target the drug directly to liver tumors and provide a treatment to patients with cancers that
have spread to the liver. In the future, more specific targeting markers need to be identified to
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help deliver the chemotherapy and other drugs for pancreatic cancer treatment. And the safety
and efficacy of those targeted delivery should be tested as well.

Pancreatic cancer is a malignant disease with poor prognosis. For almost 20 years, there are
no major breakthroughs in early detection and effective treatment for this terrible disease.
Biological approaches that target pancreatic cancer at a molecular level are rapidly evolving
and represent promising strategies in the diagnosis and treatment of pancreatic cancer. Using
a highly efficient, non-toxic, control released delivery system to carry anti-cancer drugs or
imaging agents to cancer cells through specific receptors expressed on cancer cell surfaces has
been proved to be a novel and effective approach in pancreatic cancer therapy and diagnosis.
The safety and specificity of the vectors such as liposomes, nanoparticles, and carbon
nanotubes should be further studied.
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Figure 1. Targeted drug delivery models in pancreatic cancer

Liposomes, nanoparticles, and carbon nanotubes are most commonly used vectors to deliver
cancer chemotherapy drugs and other therapeutic agents such as ShRNA, tumor suppressor
gene, suicide gene, oncolytic virus, small molecule inhibitor and antibody for pancreatic cancer
treatment. Specific surface receptors or ligands in pancreatic cancer can be used to enable
targeted delivery of the therapeutic agents to reduce the toxicity and increase the efficacy of
therapy. A few examples of target molecules include EGFR, uPAR, transferrin, ERBB2,
CA125, and stem cell markers such as EpCAM, CD44, and CD133. A representative delivery
model in which nanoparticles carrying shRNA or suicide gene conjugated with target
molecules, and the corresponding pathways inside the cells are shown.
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Table 1

Therapeutic Agents for Pancreatic Cancer Treatment.

Therapeutic Agents

Examples

References

siRNAs and shRNAs

MMP-2, HIF-1a, PDX-1, ZIP4, etc

141516 17 50

Gene therapy/Suicide genes p53, SSTR, CD, TK 91819 20 21 24 25 26 27
Oncolytic viruses Adenovirus, HSV, reovirus 132829 30 31

Small molecule inhibitors EGFR inhibitor 73233

Antibodies EGFR, VEGFR, MUCL, MSLN 35,36 37 38.39 40 41 42

Abs
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Table 2

Potential Targets for Specific Delivery.

Delivery .

Targets Therapeutic Agents and Organ Systems References
Chemotherapy drugs and imaging agents, Pancreas,

EGFR colorectal cancer, and 626870
SCCHN

UPAR Chemotherapy drugs and imaging agents, Pancreatic 7172
cancer '
Gene therapy and shRNA therapy, Breast, prostate

TR cancer, and SCCHN 9’73_76

ERBB2 Cytokine and chemotherapy, pancreatic cancer 7778

CA125 Chemotherapy drug, ovarian caner 79

EpCAM Antibody, pancreatic cancer 80.83

CD133 Cytotoxic drug, hepatocellular and gastric cancers 8588
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