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Abstract

Pancreatic cancer is one of the most dreadful disease having high 
morbidity and mortality rate with limited success in treatment option. Even 
after chemotherapy, radiotherapy and surgical interventions, long-term survival 
remains a remote possibility. The identification of appropriate targets for 
exploiting the novel modalities, an alternative to existing adjuvant therapies is 
the need of hour. The advancement in identification of genetic and molecular 
target controlling the critical pathways in pancreatic cancer provides deep 
insight for the development of newer strategies. Gene therapy approaches 
are currently being explored for the treatment and prevention of pancreatic 
cancer deaths by engineered novel delivery systems. In the present review, an 
overview of principles behind use of gene therapy including molecular targets, 
various delivery vectors and gene therapy approaches in context to pancreatic 
cancer, including in-vitro, in-vivo and clinical studies are discussed.
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or metastatic cancer. Among them, limited numbers of patients are 
suitable for surgical resection which provides the opportunity for a 
long-term disease-free state but not promised. These shortcomings of 
existing treatment options indicate the need of novel therapies. 

Recent progress in the molecular research provides an insight in 
pancreatic cancer associated genes with their expression profiles and 
mutation in cancer cells as well as genetic targets for development 
of novel therapeutic strategies, either alone or in combination 
with existing conventional cytotoxic chemotherapies. These allow 
improvement in treatment outcomes and also reduce toxicity as 
well as problem of cross-resistance, which generally happens with 
standard radiotherapy and chemotherapy. 

Gene therapy treatment approach is based on the delivery of 
genetic material i.e., exogenous nucleic acid into cancer cells of a 
patient, to eradicate the cause of cancer by manipulating intracellular 
genetic material. The gene linked with regulatory DNA sequences 
is carried by vectors, either viral or non-viral to transport into the 
target cells where it expresses. The transgene expression might occur 
in every transfected cell or selectively targeted cells, where specific 
activated transcription factors are present, which interact with tissue 
selective or tumor selective promoter/enhancer elements [4,6]. The 
theoretical basis for gene therapy is the assumption that expression, 
restoration, elimination or inhibition of the activity of a particular 
gene of interest will reverse the malignant phenotype and hence, the 
growth of cancer cells will be prevented or inhibited. The effectiveness 
of gene therapy involves the technical ability to inhibit or restore gene 
products in most of the tumour cells [7,8]. The key elements of the 
efficient gene therapy are shown in Figure 1.

Various strategies have been utilized for gene therapy including 
inhibition of activated oncogenes by antisense strategies, restoration 
of the functioning of tumour suppressor genes, gene-directed prodrug 
activation therapy and the use of replication-selective oncolytic 
viruses, etc. Gene transfer can possible by number of means, including 
use of viral vector and non-viral vectors. Most of the developments in 
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Introduction
Pancreatic cancer is one of the most ravaging diseases prevalent 

in today’s time, ranked as fourth common cause of cancer deaths 
and tenth in new cancer cases. The treatment and management 
of this disease by using existing conventional therapies has faced 
difficulties in providing complete cure [1]. Despite advancements 
in the diagnostic techniques, early stage cancer prognosis is still one 
of the most challenging and grave problems; with a post-diagnosis 5 
year survival rate of only 4%. Hence, introduction of new modalities 
in the treatment option is necessary [2]. The identified precursor 
for pancreatic cancer is the multiple genetic mutations which 
result in disinherited growth, evasion of host immune response, 
sustained angiogenesis and avoidance of apoptosis and metastasis 
that can effectively be targeted for the therapeutic interventions [3]. 
Chemotherapeutic treatment option has been proven to be effective 
in palliative treatment only. However, overall outcome is poor due 
to development of resistance with median survival of less than 3 to 
5 months [4,5]. Most of the patients suffer from locally advanced 
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pancreatic cancer gene therapy are in the pre-clinical phase of studies 
and few have progressed to early phase clinical trials [4]. However, for 
increasing the clinical application of the gene therapy, it should have 
ideal characteristics Figure 2.

Molecular Targets of Pancreatic Cancer
Intensive research has been done over the past two decades 

for identification and characterization of molecular alterations 
that generally occur in pancreatic cancer. The pancreatic cancer is 
one of the most complex malignant cancer, it occurs as a result of 
accumulated genetic alterations with more number of mutations as 
compared to other type cancers. It involves the mutation of five or 
more genes in its genetics. Mutations can be possible in oncogenes, 
tumour-suppressor genes, or maintenance genes (i.e., growth factors) 
which may subsequently activate oncogenes or inactivate tumor 
suppressor genes and lead to malignant cancer (Table 1).

Oncogenes
Oncogenes are the number of the genes that exhibit increased 

biological activity as a consequence of mutation. The RAS gene is 
the most commonly detected oncogene in human cancer including 
pancreatic cancer. The main responsible RAS gene for all of the 
pancreatic cancer mutation is K-RAS which resides on chromosome 
12p13 and constitutively mutates up to 95% of adenocarcinomas 
[11,12]. The mutation results in the activation of effector proteins that 
differ from those involved in the normal K-RAS signaling system [13]. 
The gene encodes membrane associated guanine nucleotide binding 
signal transduction proteins; p21, which regulates various cellular 
functions including cell growth, proliferation and differentiation 
[14]. The point mutation in K-RAS gene during the early stage of 
pancreatic carcinoma results in a mitogenic stimulation of cellular 
receptor tyrosine kinases, which allows fusion of phosphate to RAS-
GDP to form an active RAS-GTP. This in turn promotes increase in 
signal transduction resulting in eventual gene activation and hence, 
uncontrolled cell growth and survival [15,16]. The c-erbB-2 and 
c-myc are the other oncogenes occasionally responsible for pancreatic 
cancer [17]. 

Figure 1: Key elements in the development of efficient pancreatic cancer 
gene therapy.

Figure 2: Characteristics of an ideal gene therapy.

Gene Frequency of mutation/expression (%)

                                        Oncogenes

Mesothelin 90-100

KRAS 95

CCK-B receptor 95

MUC1 90

Bcl-xL 90

CEA 85-90

LSM1 87

BIRC5 (survivin) 77-94

EGFR 69

Bcl-2 23

AKT2 10-20

MYB 10

                             Tumor suppressor gene

CDKN2A 90

ARPC5 >90

p16 INK4A (MTS1) 85

p53 50-75

SMAD4 55

BRC A2 7-10

pRb 6

LKB1/STK11 5

MKK4 4

MAP2K4 4

TGFBR2 (MSI1 positive) 3

MLH1 3

TGFBR2 (MSI1 negative) 1

ALK5 1

TGFBR1 1

Table 1: Genetic and molecular targets for pancreatic carcinoma [9,10].
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Tumor suppressor genes
The inactivation of the tumor suppressor genes results into the 

loss of control of vital negative regulators of cell proliferation which 
actuate the uncontrolled cell growth. A number of tumor suppressor 
genes have been identified which are involved in the pathogenesis 
of pancreatic cancer including p53, members of the INK4 family 
and DPC4/SMAD4. The p53 is most commonly mutated tumor 
suppressor gene in pancreatic cancer residing on chromosome 17p 
[18,19]. It encodes 53-kD nuclear phosphoprotein which modulates 
the expression of an array of genes that serves to hold the basic 
functioning of normal cell including cell cycle regulation, arrest, 
apoptosis, differentiation, DNA surveillance and repair [20]. Another 
tumor suppressor gene belonging to the INK4 family of the pro-
mitotic complex cyclin-dependent kinase (CDK) inhibitors is p16. 
It resides on chromosome 9p and is involved in pancreatic cancer. 
The p16 gene prevents phosphorylation of the retinoblastoma protein 
via binding with the cyclin-CDK4 complex, thereby arresting the cell 
cycle at the G1/S phase. The loss of p16 activity prevents the binding 
with cyclin-CDK4 complex, which results in uncontrolled cell growth 
[21]. The functionality of p16 gene is depressed in >80% of pancreatic 
adenocarcinomas which can serve as an important target for genetic 
correction in pancreatic cancers [12]. The homozygous deletion of 
chromosome 18q21 resided Locus 4 gene (DPC4/SMAD4) is also 
responsible for the 30% to 50% of pancreatic cancer. It encodes 
protein for signal transduction of the tumor growth factor (TGF) 
[22].

Growth factors
The number of growth factors including, fibroblasts growth 

factors (FGF), TGF-β and the epidermal growth factor receptor 
(EGFR) with their ligands have actively been involved in pancreatic 
cancer. The FGF are essential for normal cell functioning including 
cell differentiation during tissue repair, mitogenesis and angiogenesis. 
It consists of 19 homologous polypeptide growth factors. Among 
all, FGF 1-5 and 7 are found to be over expressed in the pancreatic 

cancer [23,24]. Another growth factor is EGFR, which upon binding, 
dimerizes and transphosphorylates tyrosine residues, that allows 
for signal transmission using various cascades. The increase in the 
levels of EGFR as well as its closely related receptors, such as HER2 
and HER3 are responsible for the pathogenesis of human pancreatic 
cancer [25,26]. Moreover, several ligands related to the EGFR such 
as heparin binding EGF-like growth factor and TGF-α are also 
over expressed in pancreatic cancer [27]. The TGF-β also has been 
found over expressed in pancreatic cancer which upon activation 
transphosphorylates intra cytoplasmic proteins SMAD2 and 3, which 
allows to form complex with SMAD4 that serves as transcriptional 
activator. SMAD6 and 7 are the members of same family that are used 
to inhibit phosphorylation of the SMAD2 and 3 [28]. 

Gene Delivery System
Mainly three predominant types of approaches have been utilized 

to achieve the effective gene delivery. They include viral vectors, non-
viral vectors and physical methods (Figure 3) [29]. The most efficient 
gene transfer till date has been achieved by using viral vectors; hence 
they are widely used in cancer gene therapy protocol. Further, the 
viral vectors not only carry genes efficiently into the cells, but also 
some of the viruses are able to replicate in and destroy tumor cells 
which are known as oncolytic viruses. However, they suffer from some 
disadvantages such as potential toxicity, immunogenicity, smaller 
sized foreign DNA incorporation efficiency and need of packaging 
cell lines for production, which limits their wide applicability. 
Whereas non-viral vectors or physical methods are beneficial in 
terms of manufacturing, handling, no risk of recombination, low 
immunogenicity and capacity to insert large DNA. However, they also 
suffer from loopholes such as less effectiveness and lack of targeting 
potential. Recently, mesenchymal stem cells and hybrid vectors have 
been studied as a novel gene delivery system. Moreover, the choice 
of the optimal delivery route also greatly influences the gene therapy 
outcomes. The various delivery routes with their pros and cones are 
shown in Figure 4. 

Viral vectors
Adenovirus: The adenovirus belongs to the family adenoviridae. 

It possesses an icosahedral protein shell enveloping approximately 
34-48 kb long, linear, double-stranded DNA genome. They are about 

Figure 3: Various approaches/delivery systems for pancreatic cancer gene 
therapy.

Figure 4: Delivery routes for pancreatic cancer gene therapy.
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70-90 nm in diameter. Among all 51 serotypes, adenovirus type-2 
and type-5, belong to subgroup C and are commonly used vectors 
for gene therapy as well as oncolytic agents. They are genetically 
stable, conformable to high-titer production as well as purification 
(1013 particles/ml), able to express gene of interest and efficient 
at entering in both, cell and nucleus. By deleting E1 and E3 genes, 
the viral replication and immune response stimulation become 
incompetent. Upon deleting, they are able to carry up to 7.5 kb of 
foreign DNA. Recently, conditionally replicative adenoviruses have 
been engineered for cancer therapy by retaining its E1A region which, 
allows for replication and are able to spread within tumor tissues. 
This strategy has been successfully used for pancreatic cancer in-vitro 
murine model [30]. Moreover, the alteration has been carried out in 
adenoviral envelope fibers to increase its attachment in CAR receptor 
deficient pancreatic ductal cells [31,32].

Retrovirus: Retroviruses are the single stranded RNA containing 
enveloped viruses, which upon deletion of selected gene become non-
replicative and non-immunogenic. It contains the gene such as env 
(envelope – encodes surface protein which determines specificity of 
cell type), gag (group-specific antigen – encodes core and structural 
proteins) and pol (polymerase – encodes integrase, protease and 
reverse transcriptase), psi (encodes for packaging signal). It creates 
cloning capacity of 8 kb by deleting gag, pol and env genes [33]. Upon 
infection to target cell, they release viral content in host cell, where 
reverse transcriptase transcribes the RNA into DNA, which integrates 
into host cell’s genome and expresses the transgene of interest for 
long term. The moloney murine leukemia virus has been used as gene 
delivery vector for pancreatic cancer [34]. Also, the attempt has been 
made to modify env gene as well as packaging cell line for improving 
cell specificity to target the vector [35,36].

Lentivirus: Lentiviruses are group of retroviruses which can 
replicate in non-mitotic cells such as human immunodeficiency 
virus type-1. The vectors only deliver therapeutic gene to the target 
cells and are able to integrate in both replicating and non-dividing 
cells. However, integration of the therapeutic gene into the viral 
genome occurs randomly. Liu et al. studied the lentivirus mediated 
RNA interface targeting the high mobility group A1 over expressed 
pancreatic cancer cell line, for increasing the sensitivity of gemcitabine 
[37]. Although, no clinical trials using lentiviral vectors have been 
conducted, but vectors based on lentivirus may prove an attractive 
alternative for pancreatic cancer gene therapy.

Adeno-associated viruses (AAVs): AAVs are small, non-
enveloped, non-immunogenic, non-pathogenic, single stranded DNA 
containing parvoviruses. They mandatorily require the coinfection 
with herpes virus or adenovirus for successful replication. The wild 
type version integrates on to the chromosome 19 of the host genome. 
The engineered AAVs lose specificity and replication potential by 
deletion of the cap and rep genes which encodes for structural and viral 
replication proteins, respectively. The deleted space is able to carry 4.5 
kb of foreign gene. They are efficient in transuding both replicating 
and quiescent cells. Their low cloning potential can be overcome by 
coinfection with two AAVs, each carrying half gene of interest. Long 
term transgene expression by using AAVs in transduce tissue has 
been reported [38]. AAVs based vectors have been successfully used 
in the treatment of pancreatic cancer [39,40]. 

Replication-competent oncolytic adenovirus vectors: All 
the above viral vectors are replication incompetent. Hence, the 
transduction of target cell does not subsequently transduce in 
neighboring cell. To achieve the desired goal, replication competent 
viral vectors have been evolved. They replicate preferentially to increase 
number of transducing cells, and therefore lyse cancer cells while 
sparing healthy tissue [41]. The ONYX-015 is a mutant adenovirus 
which preferentially replicates in tumor cells lacking functional p53. 
It is made by deleting of E1B gene from the genome of adenovirus. It 
kills tumor cell by general lytic action of the replicating adenoviruses 
within tumor cells. In a phase I/II clinical trial, intra tumoral injection 
of ONYX-015 by using endoscopic ultrasonography in combination 
with intravenous gemcitabine in patient showed effective results [42]. 
The use of ONYX-015 has proven safe enough and has successfully 
entered in phase-III clinical trials [43,44]. These promising results 
indicate that oncolytic virus therapy could be a practical approach for 
treatment of pancreatic cancer.

Non-viral vectors
Liposomes: Liposomes are consisting of spherical lipid vesicles 

with a bilayer membrane structure composing of amphiphilic lipid 
molecules. Various cationic lipids have been used for the preparation 
of cationic liposomes. The anionic DNA binds with cationic lipid 
by electrostatic interactions and forms complex, which is known 
as lipoplex. They offer protection during the gene delivery. The 
cationic charge favors the fusion of liposome with the target cells, 
which enables endocytosis and subsequent delivery of DNA to the 
cytoplasm, by dissociation of anionic lipids of the cell. However, the 
problems such as transient transgene expression due to controlled 
entry into nucleus, lack of targeting specificity and physical instability 
limits its applications [45]. The targeting problem can be overcome 
by direct delivery to the organ of interest or by using tumor specific 
promoter to regulate expression of desired gene. Intra peritoneal 
administration of lipoplexes also found to be effective in peritoneal 
dissemination of pancreatic cancer containing mice model [46,47].

Polyplexes and dendrimers: The cationic polymers such as 
heterogeneous poly-L-lysine (PLL) [48], polyethyleneimine (PEI) 
[49,50] and oligopeptides [51] get bound with the DNA and form a 
polymer-DNA complex which is known as the polyplex. Dendrimers 
are the highly branched synthetic polymers, having spherical shape. 
They can exist in linear or branched polymer of varying length, but 
linear polymers are resistant to degradation, more efficient for DNA 
condensing and exhibit enhanced endosomal uptake [45]. The target 
specificity of the Polyplexes can be increased by incorporating the 
receptor-specific antibody or ligands protein. The PEI is the most 
commonly used high density amine group containing polymer 
which can easily attract water, causing rupture of the endosome, 
thereby releasing DNA in cytoplasm. Plasmid complexes with PLL 
and chimeric protein for targeting the EGF receptor showed elevated 
expression of plasmid as compared to non-modified Polyplexes [52]. 

Physical methods for delivery of naked DNA
Naked DNA can easily be developed by the bacteria in the form 

of plasmid which has unbounded therapeutic insert size. However, 
lack of tumor specificity and low capability of transgene expression 
makes it less efficient compared to adenovirus or AVVs. The simplest 
method for delivering naked DNA is direct local injection to target 
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sites. DNA are either complexes or coated with the gold particles and 
are bombarded on the target tissue by accelerating to high speeds 
using a vacuum pump or a helium propellant, which results in direct 
penetration through cell membrane and initiation of the effect of 
foreign DNA. This technique is known as gene gun approach. Various 
techniques have been developed for improving the uptake of DNA by 
increasing the cellular permeability. By using the ultrasound and the 
electroporation techniques, higher cell membrane permeability can 
be achieved. The naked DNA also can be delivered by hydrodynamic 
injection which involves the rapid injection of large volumes of genetic 
material using high pressure. The high pressure on the endothelium 
helps in improving uptake by transient localized occlusion of blood 
vessels [53]. However, hydrodynamic gene delivery is well tolerated 
by rodents only and is not a successful option for humans.

Other methods
Hybrid vectors: Hybrid vectors have been engineered to 

overcome the difficulties associated with both viral and non-viral 
vectors. Virosomes are the type of hybrid vectors which comprise of 
the liposomes and viral antigens (e.g. influenza virus) embedded in 
the lipid bilayer. They have added advantage of both the vectors such 
as improvement of cellular binding of particles due to liposomes and 
the ability to stimulate the host cell anti-tumor immune response due 
to viral antigens.

Mesenchymal stem cells: Mesenchymal Stem Cells (MSCs) are 
non-hematopoietic precursor cells derived from bone marrow, which 
have the function of maintaining and regenerating connective tissue 
via engraftment. They have drawn significant attention due to their 
accessibility, tumor-oriented targeting capacity, and the feasibility of 
auto-transplantation [54]. Its multi potentiality makes it a common 
choice as vector for efficient gene therapy. The MSCs have successfully 
been used for gene delivery in glioma, melanoma and breast cancer 
[55]. Lentivirus-transduce MSCs have been used in targeting human 
orthotopic pancreatic tumor xenografts in nude mice models [56].

Targeting of Pancreatic Cancer Cells
Effective gene therapy in pancreatic cancer mainly depends on 

the transduction efficiency of the desired gene and its selectivity for 
the targeting cells. Various efforts have been made for effective gene 
therapy by modifying the vectors for targeting the pancreatic cancer 
cells. The tumor targeted delivery of gene with the help of viruses is 
achieved by two ways: either surface modification (i.e., transductional 
targeting) or by utilizing tumor or tissue-selective gene promoters, 
which helps to express within the viral genome (i.e., transcriptional 
targeting).

Transductional targeting
The vector tropism is modified by target cell specific moieties 

which are able to target and infect the tumor cells. Various 
approaches such as genetic modification, pseudotyping, molecular 
conjugates etc. have been used previously. Genetic modification 
involves modification of the viral proteins which participate in the 
viral entry inside the cell. The viral entry involves the binding with 
the CAR receptor which is found in limited numbers in pancreatic 
cancer cells, as a consequence other cellular receptors are targeted 
[57,58]. The improved transduction in pancreatic cancer was 
observed by introducing the Arg-Gly-Asp (RGD) peptide into the HI 

loop of the fiber protein targeted adenovirus [59,60]. Pseudotyping or 
incorporation of the chimeric fiber in the genome of vector showed 
enhanced transduction efficiency [61,62]. High transduction efficiency 
in human pancreatic carcinoma has been observed by pseudotyping 
of the enveloping glycoproteins such as vesicular stomatitis virus 
glycoprotein of retroviral vectors [63]. Adenovirus also has been 
modified by various molecular conjugates which link the vector with 
specific cellular receptors by one adenoviral vector recognition part 
and other receptor identification part [60]. Moreover, transferrin 
targeting of liposomes conjugated with the single-chain antibody 
fragment showed enhanced efficiency of gene transfer in pancreatic 
cancer [64].

Transcriptional targeting
Tumor-specific promoters (TSPs) such as the midkine, 

cyclooxygenase-2, cancer-specific progression elevated gene-
3 promoter, urokinase-like plasminogen activator receptor, 
human telomerase reverse transcriptase (hTRET) etc. are used for 
transcriptional targeting in pancreatic cancer cells. TSPs have been 
used to drive the E1 and/or E4 adenoviral genes, thereby controlling 
the gene expression and viral replication in pancreatic cancer cells 
[65-68]. The carcinoembryonic antigen promoter or the tissue specific 
insulin promoter with modified adenoviral vector has been used 
to target TK gene expression in pancreatic tumor [69]. Moreover, 
intravenous administration of liposomes containing the modified 
cholecystokinin type-A receptor promoter (CCK/Mpd) driven Bik 
mutant (Bik-DD, T33D/S35D) exhibited pancreatic cancer specific 
activity in nude mice xenograft model [70]. 

Gene Therapy Strategies
Antisense strategy

This strategy aims to prevent the transcription, translation, or 
processing of cancer-associated genes. It involves the production 
of oligonucleotides which are short sequences of deoxynucleotides 
and bind to target DNA or RNA sequences in complementary 
fashion. The binding results in inhibition of gene expression, 
thereby inhibition of the production of proteins. However, it suffers 
from some problems such as limited and nonspecific delivery of 
oligonucleotide as well as stability issues in-vivo. Funatomi et al. 
studied the delivery of antisense oligonucleotide to pancreatic cancer 
cell line with overexpressed amphiregullin, a ligand of EGFR and 
found dose dependent inhibition of tumor cells [71]. The ribozymes 
are the catalytic RNA having endonuclease activity and they can also 
be used to target specific RNA molecules. They have been shown to 
be effective modulators of gene expression in pancreatic cancer [72].

Replacement of tumor suppressor genes
The replacement of tumor suppressor genes such as p53, p16 and 

SMAD4/DPC4 is one of the obvious strategies for gene therapy. The 
human wild type p53 gene has successfully been transduced in the 
pancreatic cancer cell line by using adenoviral and retroviral vectors, 
resulting in growth inhibition and induction of apoptosis [73-76]. In 
addition, proapoptotic gene p73, upon over expression binds with 
p53 DNA and activates p53 genes which induce cell cycle arrest and 
apoptosis [77]. The p16 gene transduction was also observed in the 
various pancreatic cancer cell lines [78]. The transfer of SMAD4 gene 
by using adenovirus to pancreatic cancer cell line deficient of SMAD4 
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showed restoration of expression of SMAD4 with tumor growth 
inhibition [79].

Gene-directed enzyme prodrug activation therapy 
(GDEPT)

It is also known as the suicide gene therapy. It involves the delivery 
of the desired gene to tumor cells which upon expression, activates the 
enzyme. Subsequently, a non-toxic prodrug is administered which 
is activated by the enzyme, produced in the tumor cells only. The 
selective accumulation of the activated drug in higher concentrations 
in tumor cells produces apoptosis in tumor tissues without affecting 
other normal tissues. The herpes simplex virus thymidine kinase 
(HSVtk)/ganciclovir system is the most well-known paradigm for 
suicide gene therapy. HSVtk monophosphorylates the guanosine 
analogue of ganciclovir, which gets converted into tryphosphorylated 
form by cellular guanylate kinases and blocks the DNA synthesis 
thereby, inducing apoptosis. Adenoviral delivery of HSVtk along 
with ganciclovir in human pancreatic cancer cells bearing nude mice 
showed effective results [80]. Wang et al. showed the decrement 
in survival of tumor cells treated with suicidal gene therapy [81]. 
Makinen and coworkers similarly observed constructive results in-
vitro and in-vivo [82]. Another kind of GDEPT therapy involves the 
delivery of cytosine deaminase enzyme gene by linking with oncogene 
ErbB2 promoter along with 5-fluorocytosine [83]. 

Immunotherapy
The immune system plays an important role in control of the 

growth of cancer cells. However, pancreatic cancer cells are relatively 
poor immune stimulators thus are unable to activate the host immune 
system. Various attempts have been made by using recombinant 
DNA technology to increase the level of immunogenicity of tumor 
cells to activate the immune system against the cancer cells growth. 
Immunotherapy may be passive or active. Passive immunotherapy 
includes the use of in-vitro developed antibodies or effector cells as 
anti-tumor agent whereas active immunotherapy includes the use of 
vaccination to activate anti-tumor activity. Peplinski et al. delivered 
recombinant vaccinia virus in mice having pancreatic cancer which 
resulted in encoding of human interleukin-1 (IL-1) and decrement in 
tumor size [84]. Various strategies have been used for immunotherapy 
such as genetic modification of the cancer cells in such a way that they 
express cytokines or costimulatory surface molecules which attract 
antigen to tumor site and activate killer T cells. The murine pancreatic 
cancer cells have been transduced retrovirally to express IL-2, IL-
4, IL-6, IL-12, IL-15 and TNF-α which could induce an antitumor 
immune response, resulting in tumor arrest and long-lasting 
immunity [85-88]. The enhanced cytotoxic T lymphocyte response, 
thereby, enhanced immune response was observed by injecting the 
antigen presenting cells (APCs) with synthetic mutant RAS peptides 
in pancreatic cancer patients [89,90]. Immunotherapy using vaccine 
has not been much explored. However, delivery of cancer associated 
antigens with recombinant viral vectors as well as other immune 
stimulatory genes to produce an antigen-based vaccine is under 
development [12,91]. 

Anti-angiogenesis strategy
Tumor growth is dependent on angiogenesis i.e. new blood 

vessel formation which involves the VEGF family of proteins and 
receptors. They are commonly over expresses in 90% of pancreatic 

cancers. The inhibition of angiogenesis by replication-competent 
adenovirus is one of the strategies to suppress the tumor growth. The 
anti-VEGF ribozyme mediated transfection in human pancreatic 
cancer cells showed suppression of growth and metastatic potential 
[90]. As the soluble form of flt-1 VEGF inhibits the activity of VEGF, 
the adenovirus encoding soluble flt-1 VEGF was delivered in rodent 
bearing pancreatic cancer and was found to inhibit proliferation of 
tumor [92]. Natural killer transcript 4 is an antagonist of HGF which 
binds with the c-Met-encoded receptor, commonly over expresses 
in 61-87% of pancreatic cancers. By inhibiting the HGF binding, 
angiogenesis can be arrested in tumor cells [93]. AS-3, VEGF 
antisense oligonucleotide also has been tested in mice implanted with 
human pancreatic cancer cells and showed tumor suppression [94].

Tissue inhibition of matrix metalloproteinase (TIMP)
Matrix metalloproteinases are overexpressed in pancreatic cancer 

and are responsible for degradation of basement membrane, thereby 
developing local invasion and metastases [95]. The pancreatic cancer 
cell line has been transduced with a vector coding for the TIMP-1 
and was found to inhibit tumor growth with decreased level of 
implantation, metastasis, and angiogenesis [96].

Apoptosis targeting strategy
Apoptosis also known as programmed cell death, frequently 

associates with the human malignancy and therefore, is suitable 
target for cancer treatment including gene therapy. Tumour necrosis 
factor-related apoptosis-inducing ligand (TRAIL) is well known for 
producing apoptosis in tumor cell without affecting normal cells. 
Adeno viral vector driven by hTRET promoter suppresses tumor 
growth in Mia-Pa-Ca2, BxPc3, Panc1 and AsPc1 pancreatic cancer 
cell lines [97]. It also produces synergistic apoptosis in pancreatic 
cancer cell line when given in combination with gemcitabine [59]. 
The bcl-2, an antiapoptotic gene is highly expressed in most of the 
pancreatic cancers [98, 99]. Followed by delivering the bcl-2 specific 
siRNA, transfection, antiproliferation and proapoptic effects have 
been seen in pancreatic cancer cells without affecting normal one 
[100].

Micro RNAs
The modulation of micro RNA function is a potential strategy 

to kill tumor cells as they control gene expression for the various 
physiological processes such as proliferation, differentiation and 
apoptosis. Micro RNAs are ~22 nucleotides containing small, 
endogenous, non coding RNA molecules, which might act as tumor 
suppressors or down regulating oncogenes [101]. More than 100 
miRNA precursors such as miR-10, miR-21, miR-155, miR-106a, miR-
34a and miR-127 are aberrantly expressed in pancreatic cancer [102]. 
The increased apoptotic responses and sensitivity to gemcitabine 
were observed by antisense inhibition of miR-21 in pancreatic cancer 
[103]. However, limited studies have been conducted by using micro 
RNA treatment approach in pancreatic cancer.

Future Perspective
Gene therapy allows an incredible diversity of treatment 

possibilities. This diversity can be utilized to complement traditional 
therapies, by acquiring the radically new frontiers for effective 
treatment. Current gene therapy trials have demonstrated statistically 
significant survival improvements in preclinical studies. However, 
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the limited number of clinical trials indicates difficulty from moving 
lab to clinic (Table 2). The disseminating nature of pancreatic cancer 
at the time of diagnosis indicates the need to develop an effective 
therapy and there are still a few areas that can be improved. One of 
the great interesting and promising strategies is to develop clinically 
successful oncolytic viruses and micro RNA based therapy. These 
studies have provided very encouraging signs that current research 
is on the right developing path having significant impact on clinical 
setting. The combination of the developed gene therapy with the 
existing cytotoxic agent will be more interesting for the development 
of successful treatments of pancreatic cancer. By incorporating the 
basic knowledge of genetic targets of the pancreatic cancer, it will 
become possible to bring a more potent, sophisticated, personalized 
and selective anti tumoral gene therapy having clinical applicability. 

Conclusion
Pancreatic cancer is a belligerent and malignant disease with 

limited prognosis. All existing therapeutic strategies are relatively 
ineffective in improving the survival rate except surgical resection 
which is possible in very small number of patients. The advancements 
in the cancer gene therapy including the suitable vector, molecular 
targets and target selectivity as well as detailed understanding of 
the genetics of the pancreatic cancer, eased the development of new 

therapeutic modalities. However, clinical success of the gene therapy 
is limited due to involvement of the several genes which impedes the 
complete cure of the disease. By applying multimodality approach 
through incorporation of newer therapeutic strategies with existing 
therapies and incorporating the improved delivery vector having 
targeting potential becomes the more prolific approach, which may 
further improve the efficacy in treatment of pancreatic cancer.

References
1.	 Jemal A, Murray T, Ward E, Samuels A, Tiwari RC, Ghafoor A, et al. Cancer 

statistics. C A Cancer J Clin. 2005; 55: 10–30. 

2.	 Jemal A, Tiwari RC, Murray T, Ghafoor A, Samuels A, Ward E, et al. Cancer 
statistics, 2004. CA Cancer J Clin. 2004; 54: 8-29. 

3.	 Wong HH, Lemoine NR. Biological approaches to therapy of pancreatic 
cancer. Pancreatology. 2008; 8: 431-461. 

4.	 Bhattacharyya M, Lemoine NR. Gene therapy developments for pancreatic 
cancer. Best Pract Res Clin Gastroenterol. 2006; 20: 285-298. 

5.	 Bramhall S, Dunn J, Neoptolemos JP. Epidemiology of pancreatic cancer. 
Berger HG, Warshaw A, Carr-Locke DL, editors, The Pancreas. In:  Boston, 
MA: Blackwell Scienti?c. 1998: 889-906. 

6.	 Wong HH, Lemoine NR. Gene Therapy for Pancreatic Cancer. New York: 
Springer-Verlag Berlin Heidelberg. 2008. 

7.	 Hilgers W, Kern SE. Molecular genetic basis of pancreatic adenocarcinoma. 
Genes Chromosomes Cancer. 1999; 26: 1-12. 

Type of pancreatic 
cancer Vector Therapeutic Agent Clinical Trial 

Phase Outcome

Inoperable pancreatic 
cancer

genetically modified 
cells

CYP2B1gene followed by followed by ifosfamide 
administration Phase I/II Median survival was doubled and one-year 

survival rate was three-times better.

Locally advanced and 
metastatic pancreatic 

cancer

Rexin-G 
(retroviral vector)

Retroviral vector bearing cytocidal dominant negative 
mutant of human cyclin G1 Phase I/II

Safe, well tolerated and dose-response 
effect between overall survival and Rexin-G 
dosage, with a 28.6% one year survival in 
gemcitabine-resistant pancreatic cancer.

Pancreatic cancer -
Antitumor vaccination using alpha(1,3)

galactosyltransferase expressing allogeneic tumor  
cells engineered by retroviral transduction

Phase I/II
Study completed but results yet not 

published (clinical trial registration number  
NCT00255827)

Adenocarc-inoma of the 
pancreatic cancer - allogeneic pancreatic tumor cells genetically 

modified to express the GM-CSF factor Phase II

Study completed but results yet not 
published

(clinical trial registration number  
NCT00084383)

Pancreatic cancer Adenoviral vector

human tumor necrosis factor (TNF)-alpha gene 
regulated under the 

control of a radiation-inducible gene promoter 
TNFerade followed by 

chemoradiation

Early Phase 
I/II

Tumor shrinkage was observed which 
facilitates operability to resect the  tumor

 

Pancreatic cancer Adenoviral vector

TNFerade plus radiation followed by autologous 
dendritic cells  versus 

radiation only followed by cell vaccine injection Phase II
Ongoing

(clinical trial registration number 
NCT00868114)

Arm A (for 
resectable tumors)

and Arm B (for 
locally advanced tumors)

Recombinant 
adenoviral vector

Expression of the TK gene (AdTK) followed by 
valacyclovir Phase I

Ongoing
(clinical trial registration number 

NCT00638612)

Pancreatic cancer
Replication-

competent viruses 
ONYX-15

- Phase I/II
Very limited replication 

capacity which compromised its antitumoral 
effect

Non-metastatic pancreatic 
adenocarcinoma

Replication 
competent 
adenovirus

Combining suicide gene therapy delivered by 
Ad5-yCD/mutTKSR39rep-ADP with chemoradiation 

therapy
Phase I

Ongoing
(clinical trial registration number 

NCT00415454)

Unoperable pancreatic 
cancer Herpes simplex virus OncoVEX GM-CSF Phase I

Ongoing
(clinical trial registration number 

NCT00402025)

Advanced pancreatic 
cancer

Cholesterol liposome-
based nanoparticles The pro-apoptotic Bik gene Phase I

Ongoing
(clinical trial registration number 

NCT00968604)

Advanced pancreatic 
Adrinocarcinoma - LMB-9 immunotoxin Phase I

Ongoing
(clinical trial registration number 

NCT00010270)

Table 2: Clinical trials of gene therapy for treatment of pancreatic cancer.

http://www.ncbi.nlm.nih.gov/pubmed/15661684
http://www.ncbi.nlm.nih.gov/pubmed/15661684
http://www.ncbi.nlm.nih.gov/pubmed/14974761
http://www.ncbi.nlm.nih.gov/pubmed/14974761
http://www.ncbi.nlm.nih.gov/pubmed/18724071
http://www.ncbi.nlm.nih.gov/pubmed/18724071
http://www.ncbi.nlm.nih.gov/pubmed/16549328
http://www.ncbi.nlm.nih.gov/pubmed/16549328
http://www.ncbi.nlm.nih.gov/pubmed/10440999
http://www.ncbi.nlm.nih.gov/pubmed/10440999


Austin Therapeutics 1(1): id1003 (2014)  - Page - 08

Mishra B Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

8.	 MacKenzie MJ. Molecular therapy in pancreatic adenocarcinoma. Lancet 
Oncol. 2004; 5: 541-549. 

9.	 Kelley JR, Fraser MM, Hubbard JM, Watson DK, Cole DJ. CaSm antisense 
gene therapy: a novel approach for the treatment of pancreatic cancer. 
Anticancer Res. 2003; 23: 2007-2013. 

10.	 Sohn TA, Yeo CJ. The molecular genetics of pancreatic ductal carcinoma: a 
review. Surg Oncol. 2000; 9: 95-101. 

11.	 Sakorafas GH. Pancreatic cancer. Kuzrock R, Talpaz M, editors. In: 
Molecular biology in cancer medicine. 2nd edn. London: Martin Dunitz Ltd. 
1999: 393-409. 

12.	 Halloran CM, Ghaneh P, Neoptolemos JP, Costello E. Gene therapy for 
pancreatic cancer--current and prospective strategies. Surg Oncol. 2000; 9: 
181-191. 

13.	 Frame S, Balmain A. Target genes and target cells in carcinogenesis. Br J 
Cancer. 1999; 80: 28-33. 

14.	 Lowy DR, Willumsen BM. Function and regulation of ras. Annu Rev Biochem. 
1993; 62: 851-891. 

15.	 Buchler M, Kubel R, Klapdor R, Muhrer KH, Friess H, Lorenz B, et al. 
Immunotherapy of pancreatic cancer with monoclonal antibody BW 494: 
results from a multicentric phase I-II trials. Cancer Therapy. Berlin: Springer. 
1989: 32-41. 

16.	 McCormick F. Signalling networks that cause cancer. Trends Cell Biol. 1999; 
9: M53-56. 

17.	 Sakorafas GH, Tsiotos GG. Molecular biology of pancreatic cancer: potential 
clinical implications. Bio Drugs. 2001; 15: 439-452. 

18.	 Barton CM, Staddon SL, Hughes CM, Hall PA, O’Sullivan C, Klöppel G, et 
al. Abnormalities of the p53 tumour suppressor gene in human pancreatic 
cancer. Br J Cancer. 1991; 64: 1076-1082. 

19.	 Casey G, Yamanaka Y, Friess H, Kobrin MS, Lopez ME, Buchler M, et al. 
p53 mutations are common in pancreatic cancer and are absent in chronic 
pancreatitis. Cancer Lett. 1993; 69: 151-160. 

20.	 Lane DP. Cancer. p53, guardian of the genome. Nature. 1992; 358: 15-16. 

21.	 Caldas C, Hahn SA, da Costa LT, Redston MS, Schutte M, Seymour AB, 
et al. Frequent somatic mutations and homozygous deletions of the p16 
(MTS1) gene in pancreatic adenocarcinoma. Nat Genet. 1994; 8: 27-32. 

22.	 Hahn SA, Schutte M, Hoque AT, Moskaluk CA, da Costa LT, Rozenblum 
E, et al. DPC4, a candidate tumor suppressor gene at human chromosome 
18q21.1. Science. 1996; 271: 350-353. 

23.	 Gustin A, Pederson L, Miller R, Chan C, Vickers SM. Application of molecular 
biology studies to gene therapy treatment strategies. World J Surg. 2002; 26: 
854-860. 

24.	 Yamanaka Y, Friess H, Buchler M, Beger HG, Uchida E, Onda M, et al. 
Overexpression of acidic and basic ?broblast growth factors in human pan-
creatic cancer correlates with advanced tumor stage. Cancer Res. 1993; 
53: 5289-5296. 

25.	 Lemoine NR, Hughes CM, Barton CM, Poulsom R, Jeffery RE, Klöppel G, 
et al. The epidermal growth factor receptor in human pancreatic cancer. J 
Pathol. 1992; 166: 7-12. 

26.	 Yamanaka Y, Friess H, Kobrin MS, Büchler M, Kunz J, Beger HG, et al. 
Overexpression of HER2/neu oncogene in human pancreatic carcinoma. 
Hum Pathol. 1993; 24: 1127-1134. 

27.	 Kobrin MS, Funatomi H, Friess H, Buchler MW, Stathis P, Korc M. Induction 
and expression of heparin-binding EGF-like growth factor in human 
pancreatic cancer. Biochem Biophys Res Commun. 1994; 202: 1705-1709. 

28.	 Kleeff J, Ishiwata T, Maruyama H, Friess H, Truong P, Büchler MW, et 
al. The TGF-beta signaling inhibitor Smad7 enhances tumorigenicity in 
pancreatic cancer. Oncogene. 1999; 18: 5363-5372. 

29.	 Mountain A. Gene therapy: the first decade. Trends Biotechnol. 2000; 18: 
119-128. 

30.	 Wesseling JG, Yamamoto M, Adachi Y, Bosma PJ, van Wijland M, Blackwell 

JL, et al. Midkine and cyclooxygenase-2 promoters are promising for 
adenoviral vector gene delivery of pancreatic carcinoma. Cancer Gene Ther. 
2001; 8: 990-996. 

31.	 Dmitriev I, Krasnykh V, Miller CR, Wang M, Kashentseva E, Mikheeva G, 
et al. An adenovirus vector with genetically modified fibers demonstrates 
expanded tropism via utilization of a coxsackievirus and adenovirus 
receptor-independent cell entry mechanism. J Virol. 1998; 72: 9706-9713. 

32.	 Krasnykh VN, Mikheeva GV, Douglas JT, Curiel DT. Generation of 
recombinant adenovirus vectors with modified fibers for altering viral tropism. 
J Virol. 1996; 70: 6839-6846. 

33.	 Curiel DT. The development of conditionally replicative adenoviruses for 
cancer therapy. Clin Cancer Res. 2000; 6: 3395-3399. 

34.	 Humphreys MJ, Greenhalf W, Neoptolemos JP, Ghaneh P. The potential for 
gene therapy in pancreatic cancer. Int J Pancreatol. 1999; 26: 5-21. 

35.	 Markowitz D, Goff S, Bank A. A safe packaging line for gene transfer: 
separating viral genes on two different plasmids. J Virol. 1988; 62: 1120-
1124. 

36.	 Burns JC, Friedmann T, Driever W, Burrascano M, Yee JK. Vesicular 
stomatitis virus G glycoprotein pseudotyped retroviral vectors: concentration 
to very high titer and efficient gene transfer into mammalian and 
nonmammalian cells. Proc Natl Acad Sci USA. 1993; 90: 8033-8037. 

37.	 Liau SS, Ashley SW, Whang EE. Lentivirus-mediated RNA interference 
of HMGA1 promotes chemosensitivity to gemcitabine in pancreatic 
adenocarcinoma. J Gastrointest Surg. 2006; 10: 1254-1262. 

38.	 Carter PJ, Samulski RJ. Adeno-associated viral vectors as gene delivery 
vehicles. Int J Mol Med. 2000; 6: 17-27. 

39.	 Kasuya H, Mizuno M, Yoshida J, Nishiyama Y, Nomoto S, Nakao A. 
Combined effects of adeno-associated virus vector and a herpes simplex 
virus mutant as neoplastic therapy. J Surg Oncol. 2000; 74: 214-218. 

40.	 Peng L, Sidner RA, Bochan MR, Burton MM, Cooper ST, Jindal RM. 
Construction of recombinant adeno-associated virus vector containing the 
rat preproinsulin II gene. J Surg Res. 1997; 69: 193-198. 

41.	 Kirn DH. Replication-selective microbiological agents: fighting cancer with 
targeted germ warfare. J Clin Invest. 2000; 105: 837-839. 

42.	 Hecht JR, Bedford R, Abbruzzese JL, Lahoti S, Reid TR, Soetikno RM, et 
al. A phase I/II trial of intratumoral endoscopic ultrasound injection of ONYX-
015 with intravenous gemcitabine in unresectable pancreatic carcinoma. 
Clin Cancer Res. 2003; 9: 555-561. 

43.	 Heise C, Sampson-Johannes A, Williams A, McCormack F, Von Hof DD, 
Kirn DH. ONYX-015, an E1B gene attenuated adenovirus, causes tumour-
specific cytolysis and antitumoural efficacy that can be augmented by 
standard chemotherapeutic agents. Nature Medicine. 1997; 3: 639-645. 

44.	 Bischoff JR, Kirn DH, Williams A, Heise C, Horn S, Muna M, et al. An 
adenovirus mutant that replicates selectively in p53-deficient human tumor 
cells. Science. 1996; 274: 373-376. 

45.	 Farhood H, Gao X, Son K, Yang YY, Lazo JS, Huang L, et al. Cationic 
liposomes for direct gene transfer in therapy of cancer and other diseases. 
Ann N Y Acad Sci. 1994; 716: 23-34. 

46.	 Aoki K, Yoshida T, Matsumoto N, Ide H, Hosokawa K, Sugimura T, et al. 
Gene therapy for peritoneal dissemination of pancreatic cancer by liposome-
mediated transfer of herpes simplex virus thymidine kinase gene. Hum Gene 
Ther. 1997; 8: 1105-1113. 

47.	 Aoki K, Yoshida T, Sugimura T, Terada M. Liposome-mediated in vivo gene 
transfer of antisense K-ras construct inhibits pancreatic tumor dissemination 
in the murine peritoneal cavity. Cancer Res. 1995; 55: 3810-3816. 

48.	 Wagner E, Zenke M, Cotten M, Beug H, Birnstiel ML. Transferrin-polycation 
conjugates as carriers for DNA uptake into cells. Proc Natl Acad Sci USA. 
1990; 87: 3410-3414. 

49.	 Gottschalk S, Sparrow JT, Hauer J, Mims MP, Leland FE, Woo SL, et al. 
A novel DNA-peptide complex for efficient gene transfer and expression in 
mammalian cells. Gene Ther. 1996; 3: 448-457. 

http://www.ncbi.nlm.nih.gov/pubmed/15337483
http://www.ncbi.nlm.nih.gov/pubmed/15337483
http://www.ncbi.nlm.nih.gov/pubmed/12894573
http://www.ncbi.nlm.nih.gov/pubmed/12894573
http://www.ncbi.nlm.nih.gov/pubmed/12894573
http://www.ncbi.nlm.nih.gov/pubmed/11356337
http://www.ncbi.nlm.nih.gov/pubmed/11356337
http://www.barnesandnoble.com/w/molecular-biology-in-cancer-medicine-2nd-edition-razelle-kurzrock/1101712615?ean=9781853176760
http://www.barnesandnoble.com/w/molecular-biology-in-cancer-medicine-2nd-edition-razelle-kurzrock/1101712615?ean=9781853176760
http://www.barnesandnoble.com/w/molecular-biology-in-cancer-medicine-2nd-edition-razelle-kurzrock/1101712615?ean=9781853176760
http://www.ncbi.nlm.nih.gov/pubmed/11476989
http://www.ncbi.nlm.nih.gov/pubmed/11476989
http://www.ncbi.nlm.nih.gov/pubmed/11476989
http://www.ncbi.nlm.nih.gov/pubmed/10466758
http://www.ncbi.nlm.nih.gov/pubmed/10466758
http://www.ncbi.nlm.nih.gov/pubmed/8352603
http://www.ncbi.nlm.nih.gov/pubmed/8352603
http://link.springer.com/chapter/10.1007%2F978-3-642-73721-3_5
http://link.springer.com/chapter/10.1007%2F978-3-642-73721-3_5
http://link.springer.com/chapter/10.1007%2F978-3-642-73721-3_5
http://link.springer.com/chapter/10.1007%2F978-3-642-73721-3_5
http://www.ncbi.nlm.nih.gov/pubmed/10611683
http://www.ncbi.nlm.nih.gov/pubmed/10611683
http://www.ncbi.nlm.nih.gov/pubmed/11520255
http://www.ncbi.nlm.nih.gov/pubmed/11520255
http://www.ncbi.nlm.nih.gov/pubmed/1764370
http://www.ncbi.nlm.nih.gov/pubmed/1764370
http://www.ncbi.nlm.nih.gov/pubmed/1764370
http://www.ncbi.nlm.nih.gov/pubmed/8513440
http://www.ncbi.nlm.nih.gov/pubmed/8513440
http://www.ncbi.nlm.nih.gov/pubmed/8513440
http://www.ncbi.nlm.nih.gov/pubmed/1614522
http://www.ncbi.nlm.nih.gov/pubmed/7726912
http://www.ncbi.nlm.nih.gov/pubmed/7726912
http://www.ncbi.nlm.nih.gov/pubmed/7726912
http://www.ncbi.nlm.nih.gov/pubmed/8553070
http://www.ncbi.nlm.nih.gov/pubmed/8553070
http://www.ncbi.nlm.nih.gov/pubmed/8553070
http://www.ncbi.nlm.nih.gov/pubmed/11960211
http://www.ncbi.nlm.nih.gov/pubmed/11960211
http://www.ncbi.nlm.nih.gov/pubmed/11960211
http://www.ncbi.nlm.nih.gov/pubmed/7693336
http://www.ncbi.nlm.nih.gov/pubmed/7693336
http://www.ncbi.nlm.nih.gov/pubmed/7693336
http://www.ncbi.nlm.nih.gov/pubmed/7693336
http://www.ncbi.nlm.nih.gov/pubmed/1538276
http://www.ncbi.nlm.nih.gov/pubmed/1538276
http://www.ncbi.nlm.nih.gov/pubmed/1538276
http://www.ncbi.nlm.nih.gov/pubmed/8104858
http://www.ncbi.nlm.nih.gov/pubmed/8104858
http://www.ncbi.nlm.nih.gov/pubmed/8104858
http://www.ncbi.nlm.nih.gov/pubmed/8060360
http://www.ncbi.nlm.nih.gov/pubmed/8060360
http://www.ncbi.nlm.nih.gov/pubmed/8060360
http://www.ncbi.nlm.nih.gov/pubmed/10498890
http://www.ncbi.nlm.nih.gov/pubmed/10498890
http://www.ncbi.nlm.nih.gov/pubmed/10498890
http://www.ncbi.nlm.nih.gov/pubmed/10675899
http://www.ncbi.nlm.nih.gov/pubmed/10675899
http://www.ncbi.nlm.nih.gov/pubmed/11781662
http://www.ncbi.nlm.nih.gov/pubmed/11781662
http://www.ncbi.nlm.nih.gov/pubmed/11781662
http://www.ncbi.nlm.nih.gov/pubmed/11781662
http://www.ncbi.nlm.nih.gov/pubmed/9811704
http://www.ncbi.nlm.nih.gov/pubmed/9811704
http://www.ncbi.nlm.nih.gov/pubmed/9811704
http://www.ncbi.nlm.nih.gov/pubmed/9811704
http://www.ncbi.nlm.nih.gov/pubmed/8794325
http://www.ncbi.nlm.nih.gov/pubmed/8794325
http://www.ncbi.nlm.nih.gov/pubmed/8794325
http://www.ncbi.nlm.nih.gov/pubmed/10999720
http://www.ncbi.nlm.nih.gov/pubmed/10999720
http://www.ncbi.nlm.nih.gov/pubmed/10566154
http://www.ncbi.nlm.nih.gov/pubmed/10566154
http://www.ncbi.nlm.nih.gov/pubmed/2831375
http://www.ncbi.nlm.nih.gov/pubmed/2831375
http://www.ncbi.nlm.nih.gov/pubmed/2831375
http://www.ncbi.nlm.nih.gov/pubmed/8396259
http://www.ncbi.nlm.nih.gov/pubmed/8396259
http://www.ncbi.nlm.nih.gov/pubmed/8396259
http://www.ncbi.nlm.nih.gov/pubmed/8396259
http://www.ncbi.nlm.nih.gov/pubmed/17114012
http://www.ncbi.nlm.nih.gov/pubmed/17114012
http://www.ncbi.nlm.nih.gov/pubmed/17114012
http://www.ncbi.nlm.nih.gov/pubmed/10851261
http://www.ncbi.nlm.nih.gov/pubmed/10851261
http://www.ncbi.nlm.nih.gov/pubmed/10951421
http://www.ncbi.nlm.nih.gov/pubmed/10951421
http://www.ncbi.nlm.nih.gov/pubmed/10951421
http://www.ncbi.nlm.nih.gov/pubmed/9202669
http://www.ncbi.nlm.nih.gov/pubmed/9202669
http://www.ncbi.nlm.nih.gov/pubmed/9202669
http://www.ncbi.nlm.nih.gov/pubmed/10749559
http://www.ncbi.nlm.nih.gov/pubmed/10749559
http://www.ncbi.nlm.nih.gov/pubmed/12576418
http://www.ncbi.nlm.nih.gov/pubmed/12576418
http://www.ncbi.nlm.nih.gov/pubmed/12576418
http://www.ncbi.nlm.nih.gov/pubmed/12576418
http://www.ncbi.nlm.nih.gov/pubmed/9176490
http://www.ncbi.nlm.nih.gov/pubmed/9176490
http://www.ncbi.nlm.nih.gov/pubmed/9176490
http://www.ncbi.nlm.nih.gov/pubmed/9176490
http://www.ncbi.nlm.nih.gov/pubmed/8832876
http://www.ncbi.nlm.nih.gov/pubmed/8832876
http://www.ncbi.nlm.nih.gov/pubmed/8832876
http://www.ncbi.nlm.nih.gov/pubmed/8024197
http://www.ncbi.nlm.nih.gov/pubmed/8024197
http://www.ncbi.nlm.nih.gov/pubmed/8024197
http://www.ncbi.nlm.nih.gov/pubmed/9189768
http://www.ncbi.nlm.nih.gov/pubmed/9189768
http://www.ncbi.nlm.nih.gov/pubmed/9189768
http://www.ncbi.nlm.nih.gov/pubmed/9189768
http://www.ncbi.nlm.nih.gov/pubmed/7641198
http://www.ncbi.nlm.nih.gov/pubmed/7641198
http://www.ncbi.nlm.nih.gov/pubmed/7641198
http://www.ncbi.nlm.nih.gov/pubmed/2333290
http://www.ncbi.nlm.nih.gov/pubmed/2333290
http://www.ncbi.nlm.nih.gov/pubmed/2333290
http://www.ncbi.nlm.nih.gov/pubmed/9156807
http://www.ncbi.nlm.nih.gov/pubmed/9156807
http://www.ncbi.nlm.nih.gov/pubmed/9156807


Austin Therapeutics 1(1): id1003 (2014)  - Page - 09

Mishra B Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

50.	 Phillips R. International patent application PCT/GB98/00424 1998. 

51.	 Boussif O, Zanta MA, Behr JP. Optimized galenics improve in vitro gene 
transfer with cationic molecules up to 1000-fold. Gene Ther. 1996; 3: 1074-
1080. 

52.	 Fominaya J, Uherek C, Wels W. A chimeric fusion protein containing 
transforming growth factor-alpha mediates gene transfer via binding to the 
EGF receptor. Gene Ther. 1998; 5: 521-530. 

53.	 Cheng L, Ziegelhoffer PR, Yang NS. In vivo promoter activity and transgene 
activity in mammalian tissues evaluated by tissue bombardment. Proc Nat 
Acad Sci. 1993; 90: 4455-4459. 

54.	 Moniri MR, Dai LJ, Warnock GL. The challenge of pancreatic cancer therapy 
and novel treatment strategy using engineered mesenchymal stem cells. 
Cancer Gene Ther. 2014; 21: 12-23. 

55.	 Studeny M, Marini FC, Dembinski JL, Zompetta C, Cabreira-Hansen M, 
Bekele BN, et al. Mesenchymal stem cells: potential precursors for tumor 
stroma and targeted-delivery vehicles for anticancer agents. J Natl Cancer 
Inst. 2004; 96: 1593-1603. 

56.	 Kallifatidis G, Beckermann BM, Groth A, Schubert M, Apel A, Khamidjanov 
A, et al. Improved lentiviral transduction of human mesenchymal stem cells 
for therapeutic intervention in pancreatic cancer. Cancer Gene Ther. 2008; 
15: 231-240. 

57.	 Kuhlmann KF, Gouma DJ, Wesseling JG. Adenoviral gene therapy for 
pancreatic cancer: where do we stand? Dig Surg. 2008; 25: 278-292. 

58.	 Li M, Rodriguez JA, Fisher WE, Zhang X, Chen C, Yao Q. Viral vectors in 
pancreatic cancer gene therapy. Gene Ther Mol Biol. 2006; 10: 61-70. 

59.	 Jacob D, Davis JJ, Zhang L, Zhu H, Teraishi F, Fang B. Suppression of 
pancreatic tumor growth in the liver by systemic administration of the TRAIL 
gene driven by the hTERT promoter. Cancer Gene Ther. 2005; 12: 109-115. 

60.	 Wesseling JG, Bosma PJ, Krasnykh V, Kashentseva EA, Blackwell JL, 
Reynolds PN, et al. Improved gene transfer efficiency to primary and 
established human pancreatic carcinoma target cells via epidermal growth 
factor receptor and integrin-targeted adenoviral vectors. Gene Ther. 2001; 
8: 969-976. 

61.	 Kuhlmann KF, van Geer MA, Bakker CT, Dekker JE, Havenga MJ, Elferink 
RP, et al. Fiber-chimeric adenoviruses expressing fibers from serotype 16 
and 50 improve gene transfer to human pancreatic adenocarcinoma. Cancer 
Gene Ther. 2009; 16: 585-597. 

62.	 Toyoda E, Doi R, Kami K, Mori T, Ito D, Koizumi M, et al. Adenovirus vectors 
with chimeric type 5 and 35 fiber proteins exhibit enhanced transfection of 
human pancreatic cancer cells. Int. J. Oncol. 2008; 33: 1141-1147. 

63.	 Howard BD, Boenicke L, Schniewind B, Henne-Bruns D, Kalthoff H. 
Transduction of human pancreatic tumor cells with vesicular stomatitis 
virus g-pseudo typed retroviral vectors containing a herpes simplex virus 
thymidine kinase mutant gene enhances bystander effects and sensitivity to 
ganciclovir. Cancer Gene Ther. 2000; 7: 927-938. 

64.	 Pirollo KF, Rait A, Zhou Q, Hwang SH, Dagata JA, Zon G, et al. Materializing 
the potential of small interfering RNA via a tumor-targeting nanodelivery 
system. Cancer Res. 2007; 67: 2938-2943. 

65.	 Hoffmann D, Wildner O. Restriction of adenoviral replication to the 
transcriptional intersection of two different promoters for colorectal and 
pancreatic cancer treatment. Mol Cancer Ther. 2006; 5: 374-381. 

66.	 Onimaru M, Ohuchida K, Mizumoto K, Nagai E, Cui L, Toma H, et al. Htert-
promoter-dependent oncolytic adenovirus enhances the transduction and 
therapeutic efficacy of replication-defective adenovirus vectors in pancreatic 
cancer cells. Cancer Sci. 2010; 101: 735-742. 

67.	 Toyoda E, Doi R, Kami K, Mori T, Ito D, Koizumi M, et al. Midkine promoter-
based conditionally replicative adenovirus therapy for midkine-expressing 
human pancreatic cancer. J Exp Clin Cancer Res. 2008; 27: 30. 

68.	 Yamamoto M, Davydova J, Wang M, Siegal GP, Krasnykh V, Vickers SM, 
et al. Infectivity enhanced, cyclooxygenase-2 promoter-based conditionally 
replicative adenovirus for pancreatic cancer. Gastroenterology. 2003; 125: 

1203-1218. 

69.	 Ohashi M, Kanai F, Tanaka T, Lan KH, Shiratori Y, Komatsu Y, et al. In vivo 
adenovirus-mediated prodrug gene therapy for carcinoembryonic antigen-
producing pancreatic cancer. Jpn J Cancer Res. 1998; 89: 457-462. 

70.	 Li Z, Ding Q, Li Y, Miller SA, Abbruzzese JL, Hung MC. Suppression of 
pancreatic tumor progression by systemic delivery of a pancreatic-cancer-
specific promoter driven Bik mutant. Cancer Lett. 2006; 236: 58-63. 

71.	 Funatomi H, Itakura J, Ishiwata T, Pastan I, Thompson SA, Johnson GR, 
et al. Amphiregullin antisense oligonucleotide inhibits the growth of T3M4 
human pancreatic cancer cells and sensitizes the cells to EGF receptor-
targetted therapy. Int J Cancer. 1997; 72: 512-517. 

72.	 Tsuchida T, Kijima H, Hori S, Oshika Y, Tokunaga T, Kawai K, et al. 
Adenovirus-mediated anti-K-ras ribozyme induces apoptosis and growth 
suppression of human pancreatic carcinoma. Cancer Gene Ther. 2000; 7: 
373-383. 

73.	 Lang D, Miknyoczki SJ, Huang L, Ruggeri BA. Stable reintroduction of wild-
type P53 (MTmp53ts) causes the induction of apoptosis and neuroendocrine-
like differentiation in human ductal pancreatic carcinoma cells. Oncogene. 
1998; 16: 1593-1602. 

74.	 Ghaneh P, Humphreys M, Greenhalf W. p53 and p16 gene therapy results 
in killing of pancreatic cells. Br J Surg. 1998; 85: 1555. 

75.	 Bouvet M, Bold RJ, Lee J, Evans DB, Abbruzzese JL, Chiao PJ, et al. 
Adenovirus-mediated wild-type p53 tumor suppressor gene therapy induces 
apoptosis and suppresses growth of human pancreatic cancer. Ann Surg 
Oncol. 1998; 5: 681-688. 

76.	 Hwang RF, Gordon EM, Anderson WF, Parekh D. Gene therapy for primary 
and metastatic pancreatic cancer with intraperitoneal retroviral vector 
bearing the wild-type p53 gene. Surgery. 1998; 124: 143-150. 

77.	 Rödicker F, Pützer BM. p73 is effective in p53-null pancreatic cancer cells 
resistant to wild-type TP53 gene replacement. Cancer Res. 2003; 63: 2737-
2741. 

78.	 Kobayashi S, Shirasawa H, Sashiyama H, Kawahira H, Kaneko K, Asano T, 
et al. P16INK4a expression adenovirus vector to suppress pancreas cancer 
cell proliferation. Clin Cancer Res. 1999; 5: 4182-4185. 

79.	 Duda DG, Sunamura M, Lefter LP, Furukawa T, Yokoyama T, Yatsuoka T, et 
al. Restoration of SMAD4 by gene therapy reverses the invasive phenotype 
in pancreatic adenocarcinoma cells. Oncogene. 2003; 22: 6857-6864. 

80.	 Rosenfeld ME, Vickers SM, Raben D, Wang M, Sampson L, Feng M, et 
al. Pancreatic carcinoma cell killing via adenoviral mediated delivery of the 
herpes simplex virus thymidine kinase gene. Ann Surg. 1997; 225: 609-618. 

81.	 Wang J, Lu XX, Chen DZ, Li SF, Zhang LS. Herpes simplex virus thymidine 
kinase and ganciclovir suicide gene therapy for human pancreatic cancer. 
World J Gastroenterol. 2004; 10: 400-403. 

82.	 Mäkinen K, Loimas S, Wahlfors J, Alhava E, Jänne J. Evaluation of herpes 
simplex thymidine kinase mediated gene therapy in experimental pancreatic 
cancer. J Gene Med. 2000; 2: 361-367. 

83.	 Harris JD, Gutierrez AA, Hurst HC, Sikora K, Lemoine NR. Gene therapy for 
cancer using tumour-specific prodrug activation. Gene Ther. 1994; 1: 170-
175. 

84.	 Peplinski GR, Tsung K, Meko JB, Norton JA. In vivo gene therapy of a 
murine pancreas tumor with recombinant vaccinia virus encoding human 
interleukin-1 beta. Surgery. 1995; 118: 185-190. 

85.	 Kimura M, Tagawa M, Takenaga K, Kondo F, Yamaguchi T, Saisho H, et al. 
Loss of tumorigenicity of human pancreatic carcinoma cells engineered to 
produce interleukin-2 or interleukin-4 in nude mice: a potentiality for cancer 
gene therapy. Cancer Lett. 1998; 128: 47-53. 

86.	 Clary BM, Coveney EC, Philip R, Blazer DG, Morse M, Gilboa E, et al. 
Inhibition of established pancreatic cancers following specific active 
immunotherapy with interleukin-2 gene-transduced tumor cells. Cancer 
Gene Ther. 1997; 4: 97-104. 

http://www.ncbi.nlm.nih.gov/pubmed/8986433
http://www.ncbi.nlm.nih.gov/pubmed/8986433
http://www.ncbi.nlm.nih.gov/pubmed/8986433
http://www.ncbi.nlm.nih.gov/pubmed/9614577
http://www.ncbi.nlm.nih.gov/pubmed/9614577
http://www.ncbi.nlm.nih.gov/pubmed/9614577
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC46530/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC46530/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC46530/
http://www.ncbi.nlm.nih.gov/pubmed/24384772
http://www.ncbi.nlm.nih.gov/pubmed/24384772
http://www.ncbi.nlm.nih.gov/pubmed/24384772
http://www.ncbi.nlm.nih.gov/pubmed/15523088
http://www.ncbi.nlm.nih.gov/pubmed/15523088
http://www.ncbi.nlm.nih.gov/pubmed/15523088
http://www.ncbi.nlm.nih.gov/pubmed/15523088
http://www.ncbi.nlm.nih.gov/pubmed/18202717
http://www.ncbi.nlm.nih.gov/pubmed/18202717
http://www.ncbi.nlm.nih.gov/pubmed/18202717
http://www.ncbi.nlm.nih.gov/pubmed/18202717
http://www.ncbi.nlm.nih.gov/pubmed/18635930
http://www.ncbi.nlm.nih.gov/pubmed/18635930
http://www.ncbi.nlm.nih.gov/pubmed/15486557
http://www.ncbi.nlm.nih.gov/pubmed/15486557
http://www.ncbi.nlm.nih.gov/pubmed/15486557
http://www.ncbi.nlm.nih.gov/pubmed/11438831
http://www.ncbi.nlm.nih.gov/pubmed/11438831
http://www.ncbi.nlm.nih.gov/pubmed/11438831
http://www.ncbi.nlm.nih.gov/pubmed/11438831
http://www.ncbi.nlm.nih.gov/pubmed/11438831
http://www.ncbi.nlm.nih.gov/pubmed/19180144
http://www.ncbi.nlm.nih.gov/pubmed/19180144
http://www.ncbi.nlm.nih.gov/pubmed/19180144
http://www.ncbi.nlm.nih.gov/pubmed/19180144
http://www.ncbi.nlm.nih.gov/pubmed/19020746
http://www.ncbi.nlm.nih.gov/pubmed/19020746
http://www.ncbi.nlm.nih.gov/pubmed/19020746
http://europepmc.org/abstract/MED/10880025
http://europepmc.org/abstract/MED/10880025
http://europepmc.org/abstract/MED/10880025
http://europepmc.org/abstract/MED/10880025
http://europepmc.org/abstract/MED/10880025
http://www.ncbi.nlm.nih.gov/pubmed/17409398
http://www.ncbi.nlm.nih.gov/pubmed/17409398
http://www.ncbi.nlm.nih.gov/pubmed/17409398
http://www.ncbi.nlm.nih.gov/pubmed/16505112
http://www.ncbi.nlm.nih.gov/pubmed/16505112
http://www.ncbi.nlm.nih.gov/pubmed/16505112
http://www.ncbi.nlm.nih.gov/pubmed/20059477
http://www.ncbi.nlm.nih.gov/pubmed/20059477
http://www.ncbi.nlm.nih.gov/pubmed/20059477
http://www.ncbi.nlm.nih.gov/pubmed/20059477
http://www.jeccr.com/content/27/1/30
http://www.jeccr.com/content/27/1/30
http://www.jeccr.com/content/27/1/30
http://www.ncbi.nlm.nih.gov/pubmed/14517802
http://www.ncbi.nlm.nih.gov/pubmed/14517802
http://www.ncbi.nlm.nih.gov/pubmed/14517802
http://www.ncbi.nlm.nih.gov/pubmed/14517802
http://www.ncbi.nlm.nih.gov/pubmed/9617353
http://www.ncbi.nlm.nih.gov/pubmed/9617353
http://www.ncbi.nlm.nih.gov/pubmed/9617353
http://www.ncbi.nlm.nih.gov/pubmed/15953675
http://www.ncbi.nlm.nih.gov/pubmed/15953675
http://www.ncbi.nlm.nih.gov/pubmed/15953675
http://www.ncbi.nlm.nih.gov/pubmed/9247297
http://www.ncbi.nlm.nih.gov/pubmed/9247297
http://www.ncbi.nlm.nih.gov/pubmed/9247297
http://www.ncbi.nlm.nih.gov/pubmed/9247297
http://www.ncbi.nlm.nih.gov/pubmed/10766343
http://www.ncbi.nlm.nih.gov/pubmed/10766343
http://www.ncbi.nlm.nih.gov/pubmed/10766343
http://www.ncbi.nlm.nih.gov/pubmed/10766343
http://www.ncbi.nlm.nih.gov/pubmed/9569027
http://www.ncbi.nlm.nih.gov/pubmed/9569027
http://www.ncbi.nlm.nih.gov/pubmed/9569027
http://www.ncbi.nlm.nih.gov/pubmed/9569027
http://www.ncbi.nlm.nih.gov/pubmed/9869513
http://www.ncbi.nlm.nih.gov/pubmed/9869513
http://www.ncbi.nlm.nih.gov/pubmed/9869513
http://www.ncbi.nlm.nih.gov/pubmed/9869513
http://www.ncbi.nlm.nih.gov/pubmed/9706132
http://www.ncbi.nlm.nih.gov/pubmed/9706132
http://www.ncbi.nlm.nih.gov/pubmed/9706132
http://www.ncbi.nlm.nih.gov/pubmed/12782576
http://www.ncbi.nlm.nih.gov/pubmed/12782576
http://www.ncbi.nlm.nih.gov/pubmed/12782576
http://www.ncbi.nlm.nih.gov/pubmed/10632358
http://www.ncbi.nlm.nih.gov/pubmed/10632358
http://www.ncbi.nlm.nih.gov/pubmed/10632358
http://www.ncbi.nlm.nih.gov/pubmed/14534532
http://www.ncbi.nlm.nih.gov/pubmed/14534532
http://www.ncbi.nlm.nih.gov/pubmed/14534532
http://www.ncbi.nlm.nih.gov/pubmed/9193188
http://www.ncbi.nlm.nih.gov/pubmed/9193188
http://www.ncbi.nlm.nih.gov/pubmed/9193188
http://www.ncbi.nlm.nih.gov/pubmed/14760766
http://www.ncbi.nlm.nih.gov/pubmed/14760766
http://www.ncbi.nlm.nih.gov/pubmed/14760766
http://www.ncbi.nlm.nih.gov/pubmed/11045430
http://www.ncbi.nlm.nih.gov/pubmed/11045430
http://www.ncbi.nlm.nih.gov/pubmed/11045430
http://www.ncbi.nlm.nih.gov/pubmed/7584078
http://www.ncbi.nlm.nih.gov/pubmed/7584078
http://www.ncbi.nlm.nih.gov/pubmed/7584078
http://www.ncbi.nlm.nih.gov/pubmed/7638732
http://www.ncbi.nlm.nih.gov/pubmed/7638732
http://www.ncbi.nlm.nih.gov/pubmed/7638732
http://www.ncbi.nlm.nih.gov/pubmed/9652792
http://www.ncbi.nlm.nih.gov/pubmed/9652792
http://www.ncbi.nlm.nih.gov/pubmed/9652792
http://www.ncbi.nlm.nih.gov/pubmed/9652792
http://www.ncbi.nlm.nih.gov/pubmed/9080118
http://www.ncbi.nlm.nih.gov/pubmed/9080118
http://www.ncbi.nlm.nih.gov/pubmed/9080118
http://www.ncbi.nlm.nih.gov/pubmed/9080118


Austin Therapeutics 1(1): id1003 (2014)  - Page - 010

Mishra B Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

87.	 Motoi F, Sunamura M, Ding L, Duda DG, Yoshida Y, Zhang W, et al. Effective 
gene therapy for pancreatic cancer by cytokines mediated by restricted 
replication-competent adenovirus. Hum Gene Ther. 2000; 11: 223-235. 

88.	 Pützer BM, Rödicker F, Hitt MM, Stiewe T, Esche H. Improved treatment of 
pancreatic cancer by IL-12 and B7.1 costimulation: antitumor efficacy and 
immunoregulation in a nonimmunogenic tumor model. Mol Ther. 2002; 5: 
405-412. 

89.	 Gjertsen MK, Saeterdal I, Thorsby E, Gaudernack G. Characterisation of 
immune responses in pancreatic carcinoma patients after mutant p21 ras 
peptide vaccination. Br J Cancer. 1996; 74: 1828-1833. 

90.	 Rigg AS, Scarpa A, Pandha HS, Lemoine NR. Gene therapy for pancreatic 
cancer. Ital J Gastroenterol Hepatol. 1998; 30: 462-466. 

91.	 Jaffee EM, Schutte M, Gossett J, Morsberger LA, Adler AJ, Thomas M, et 
al. Development and characterization of a cytokine-secreting pancreatic 
adenocarcinoma vaccine from primary tumors for use in clinical trials. 
Cancer J Sci Am. 1998; 4: 194-203. 

92.	 Hoshida T, Sunamura M, Duda DG, Egawa S, Miyazaki S, Shineha R, et al. 
Gene therapy for pancreatic cancer using an adenovirus vector encoding 
soluble ?t-1 vascular endothelial growth factor receptor. Pancreas. 2002; 
25: 111-121. 

93.	 Saimura M, Nagai E, Mizumoto K, Maehara N, Okino H, Katano M, et al. 
Intraperitoneal injection of adenovirus-mediated NK4 gene suppresses 
peritoneal dissemination of pancreatic cancer cell line AsPC-1 in nude mice. 
Cancer Gene Ther. 2002; 9: 799-806. 

94.	 Hotz HG, Hines OJ, Masood R, Hotz B, Foitzik T, Buhr HJ, et al. VEGF 
antisense therapy inhibits tumor growth and improves survival in 
experimental pancreatic cancer. Surgery. 2005; 137: 192-199. 

95.	 Bramhall SR. The matrix metalloproteinases and their inhibitors in pancreatic 
cancer. From molecular science to a clinical application. Int J Pancreatol. 
1997; 21: 1-12. 

96.	 Bloomston M, Shafii A, Zervos EE, Rosemurgy AS. TIMP-1 overexpression 
in pancreatic cancer attenuates tumor growth, decreases implantation and 
metastasis, and inhibits angiogenesis. J Surg Res. 2002; 102: 39-44. 

97.	 Katz MH, Spivack DE, Takimoto S, Fang B, Burton DW, Moossa AR, et al. 
Gene therapy of pancreatic cancer with green ?uorescent protein and tumor 
necrosis factor-related apoptosis-inducing ligand fusion gene expression 
driven by a human telomerase reverse transcriptase promoter. Ann Surg 
Oncol. 2003; 10: 762-772. 

98.	 Campani D, Esposito I, Boggi U, Cecchetti D, Menicagli M, De Negri F, 
et al. Bcl-2 expression in pancreas development and pancreatic cancer 
progression. J Pathol. 2001; 194: 444-450. 

99.	 Miyamoto Y, Hosotani R, Wada M, Lee JU, Koshiba T, Fujimoto K, et al. 
Immunohistochemical analysis of Bcl-2, Bax, Bcl-X, and Mcl-1 expression in 
pancreatic cancers. Oncology. 1999; 56: 73-82. 

100.	Ocker M, Neureiter D, Lueders M, Zopf S, Ganslmayer M, Hahn EG, et al. 
Variants of bcl-2 specific siRNA for silencing antiapoptotic bcl-2 in pancreatic 
cancer. Gut. 2005; 54: 1298-1308. 

101.	Iorio MV, Croce CM. Micro RNAs in cancer: small molecules with a huge 
impact. J Clin Oncol. 2009; 27: 5848-5856. 

102.	Lee EJ, Gusev Y, Jiang J, Nuovo GJ, Lerner MR, Frankel WL, et al. 
Expression profiling identifies micro RNA signature in pancreatic cancer. Int 
J Cancer. 2007; 120: 1046-1054. 

103.	Ali S, Ahmad A, Banerjee S, Padhye S, Dominiak K, Schaffert JM, et al. 
Gemcitabine sensitivity can be induced in pancreatic cancer cells through 
modulation of miR-200 and miR-21 expression by curcumin or its analogue 
CDF. Cancer Res. 2010; 70: 3606-3617.

Citation: Mishra B and Patel RR. Gene Therapy for Treatment of Pancreatic Cancer. Austin Therapeutics. 
2014;1(1): 10.

Austin Therapeutics - Volume 1 Issue 1 - 2014
ISSN: 2472-3673 | www.austinpublishinggroup.com 
Mishra et al. © All rights are reserved

http://www.ncbi.nlm.nih.gov/pubmed/11945067
http://www.ncbi.nlm.nih.gov/pubmed/11945067
http://www.ncbi.nlm.nih.gov/pubmed/11945067
http://www.ncbi.nlm.nih.gov/pubmed/11945067
http://www.ncbi.nlm.nih.gov/pubmed/8956801
http://www.ncbi.nlm.nih.gov/pubmed/8956801
http://www.ncbi.nlm.nih.gov/pubmed/8956801
http://www.ncbi.nlm.nih.gov/pubmed/9836095
http://www.ncbi.nlm.nih.gov/pubmed/9836095
http://www.ncbi.nlm.nih.gov/pubmed/9612602
http://www.ncbi.nlm.nih.gov/pubmed/9612602
http://www.ncbi.nlm.nih.gov/pubmed/9612602
http://www.ncbi.nlm.nih.gov/pubmed/9612602
http://www.ncbi.nlm.nih.gov/pubmed/12142732
http://www.ncbi.nlm.nih.gov/pubmed/12142732
http://www.ncbi.nlm.nih.gov/pubmed/12142732
http://www.ncbi.nlm.nih.gov/pubmed/12142732
http://www.ncbi.nlm.nih.gov/pubmed/12224019
http://www.ncbi.nlm.nih.gov/pubmed/12224019
http://www.ncbi.nlm.nih.gov/pubmed/12224019
http://www.ncbi.nlm.nih.gov/pubmed/12224019
http://www.ncbi.nlm.nih.gov/pubmed/15674201
http://www.ncbi.nlm.nih.gov/pubmed/15674201
http://www.ncbi.nlm.nih.gov/pubmed/15674201
http://www.ncbi.nlm.nih.gov/pubmed/9127168
http://www.ncbi.nlm.nih.gov/pubmed/9127168
http://www.ncbi.nlm.nih.gov/pubmed/9127168
http://www.ncbi.nlm.nih.gov/pubmed/11792150
http://www.ncbi.nlm.nih.gov/pubmed/11792150
http://www.ncbi.nlm.nih.gov/pubmed/11792150
http://www.ncbi.nlm.nih.gov/pubmed/12900367
http://www.ncbi.nlm.nih.gov/pubmed/12900367
http://www.ncbi.nlm.nih.gov/pubmed/12900367
http://www.ncbi.nlm.nih.gov/pubmed/12900367
http://www.ncbi.nlm.nih.gov/pubmed/12900367
http://www.ncbi.nlm.nih.gov/pubmed/11523052
http://www.ncbi.nlm.nih.gov/pubmed/11523052
http://www.ncbi.nlm.nih.gov/pubmed/11523052
http://www.ncbi.nlm.nih.gov/pubmed/9885381
http://www.ncbi.nlm.nih.gov/pubmed/9885381
http://www.ncbi.nlm.nih.gov/pubmed/9885381
http://www.ncbi.nlm.nih.gov/pubmed/19884536
http://www.ncbi.nlm.nih.gov/pubmed/19884536
http://www.ncbi.nlm.nih.gov/pubmed/17149698
http://www.ncbi.nlm.nih.gov/pubmed/17149698
http://www.ncbi.nlm.nih.gov/pubmed/17149698
http://www.ncbi.nlm.nih.gov/pubmed/20388782
http://www.ncbi.nlm.nih.gov/pubmed/20388782
http://www.ncbi.nlm.nih.gov/pubmed/20388782
http://www.ncbi.nlm.nih.gov/pubmed/20388782

	Title
	Abstract
	Abbreviations
	Introduction
	Molecular Targets of Pancreatic Cancer
	Oncogenes
	Tumor suppressor genes
	Growth factors

	Gene Delivery System
	Viral vectors
	Non-viral vectors
	Physical methods for delivery of naked DNA
	Other methods

	Targeting Pancreatic Cancer Cells
	Transductional targeting
	Transcriptional targeting

	Gene Therapy Strategies
	Antisense strategy
	Replacement of tumor suppressor genes
	Gene-directed enzyme prodrug activation therapy (GDEPT)
	Immunotherapy
	Anti-angiogenesis strategy
	Tissue inhibition of matrix metalloproteinase (TIMP)
	Apoptosis targeting strategy
	Micro RNAs

	Future Perspective
	Conclusion
	References
	Table 1
	Table 2
	Figure 1
	Figure 2
	Figure 3
	Figure 4

