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Introduction 

Gene therapy for the treatment of primary liver tumours 
 

Primary liver cancer is one of the most common causes of cancer death worldwide (1,2). In 

recent years the incidence of the two most predominant forms, hepatocellular carcinoma and 

especially cholangiocarcinoma are rising (3-5). For hepatocellular carcinoma the major 

causative agents are clearly established and approximately 80% of hepatocellular carcinoma 

can be linked to hepatitis virus infections or the food derived toxin Aflatoxin B1 (6,7). In 

western countries hepatitis C virus and alcohol induced cirrhosis are the most important 

causes of hepatocellular carcinoma while in certain regions of Asia and Africa hepatitis B 

virus in combination with Aflatoxin B1 induced cirrhosis are more predominant. This clearly 

indicates that the underlying mechanism of transformation in hepatocellular carcinoma is 

chronic inflammation. For cholangiocarcinoma the causative agents have been more difficult 

to identify (8,9). In certain regions of Asia, infections with the liver flukes opisthorchis 

viverrini and clonorchis sinensis and food-derived toxins (dimethylnitrosamine) are clearly 

connected to the majority of cholangiocarcinoma. However, in western countries there is not 

a clear cause of cholangiocarcinoma. In a minority of the cases there is an association with 

hepatitis C virus infection and primary sclerosing cholangitis. Both these diseases cause 

chronic inflammation. Furthermore, since the inflammation inducible isoform of 

cyclooxygenase (COX-2) is overexpressed in the majority of cholangiocarcinoma this seems 

to suggest that, as in hepatocellular carcinoma, chronic inflammation is the underlying 

mechanism of carcinogenesis in cholangiocarcinoma (10,11). 

The only potentially curative treatments for both hepatocellular carcinoma and 

cholangiocarcinoma are resection or liver transplantation (12-16). However, both are only 

effective in early stage disease and due to late diagnosis and the subsequent progressed state 

of the disease (especially in cholangiocarcinoma) typically only 10-20% of the cases is 

eligible for these treatments (12,17). Of the eligible patients most are treated with a curative 

resection resulting in a five-year survival of around 20-40%. Within the setting of clinical 

trials liver transplantation has also proven to increase survival rates in carefully selected 

patients (12,18-21). However the latter strategy suffers from the shortage of donor organs. 

Apart from these surgical treatment modalities there are only a few other, mostly 

experimental treatment options. In case of hepatocellular carcinoma percutaneous ethanol 

injection is also used (22,23). As with resection and transplantation percutaneous ethanol 

injection is typically performed in early stage disease (1-3 small HCC lesions in the liver). 
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Gene therapy for liver cancer 

Five year survival rates of 32-59% have been reported (23). However major limitations of 

this technique are the potential of tumoural seeding and the relatively high local recurrence 

rates (approximately 40%) (23). 

Chemotherapy offers little efficacy as illustrated by the report that treatment of HCC 

with chemotherapy has declined over the years (12,17,24,25). In case of cholangiocarcinoma 

most chemotherapy studies use 5-Fluorouracil (5-FU) and partial response rates ranging from 

10-40% have been reached (3,26). In an attempt to increase the effective dose of 

chemotherapeutics hepatic artery infusion and the more experimental technique of isolated 

liver perfusions have been investigated. This method of targeting chemotherapeutics indeed 

achieves greater local drug concentrations. Unfortunately, the number of drugs available for 

this technique is limited by liver toxicity. Both techniques seem to produce a higher response 

rate, either alone or in combination with other techniques (as adjuvant to resection or 

systemic chemotherapy), compared to systemic chemotherapy alone (27-29). Moreover, the 

majority of primary liver cancer patients receive no treatment at all (50% and 70% has been 

reported for HCC patients in the USA and the Netherlands, respectively). The reason for this 

is unclear but it seems likely that the (old) age of the patients and the progressed state of the 

disease at diagnosis play an important role in the decision to withhold treatment.  

With reported five year survival rates as low as 3%, clearly novel treatment modalities 

for primary liver cancer are needed (12,17). Considering the relatively limited advances and 

the ineffectiveness of the more conventional non-surgical therapeutic modalities like 

chemotherapy and radiotherapy, it is necessary to explore novel techniques like 

photodynamic therapy and also gene therapy (30,31). In this regard gene therapy is 

particularly interesting because it distinguishes itself by the fact that in theory it allows for 

the development of truly tumour specific therapy. 

 

Cancer gene therapy 
Gene therapy originated as the idea that diseases caused by defective genes could be cured by 

simply replacing these genes. This idea has been most intensely pursued as a treatment 

modality for monogenic diseases in which only a single gene has to be corrected. Well known 

examples of this are severe immunodeficiency syndrome (SCID), haemophilia and Crigler 

Najjar syndrome (32-35). It is now widely recognized that gene therapy also holds great 

potential for the treatment of cancer (36,37). The multifactorial nature of this disease is not a 

major obstacle for the successful use of gene therapy since the goal is to eliminate rather than  
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Introduction 

 
Figure 1: cancer gene therapy strategies 
The basic requirement for all gene therapy strategies is that an efficient and preferably tumour specific gene 
transfer vehicle is available (top). However, in reality there are currently no truly efficient vehicles for in vivo 
gene transfer, this is represented as a single transduced cell in the cartoon. Limited transduction efficiency 
determines the potential effectiveness of the four basic gene therapy strategies i.e. cytotoxic, cytostatic, immuno 
stimulatory and virotherapy to various degrees. A) Cytotoxic gene therapy suffers the most from poor in vivo 
gene transfer as the cells expressing the therapeutic gene are the first to be eliminated. Thus, if initial gene 
transfer is poor this will result in poor efficacy of the therapy. The use of cytotoxic genes that harbour a 
bystander effect can alleviate this to a certain extend (figure 3 page 38). B) Cytostatic gene therapy is 
predominantly focused on the inhibition of tumour neo-angiogenesis although additional strategies more directly 
influencing the tumour cells are also employed (figure 4 page 39). Since not the transduced tumour cell but 
newly formed blood vessels are the direct target of this therapy, there is no loss of transduced cells as a direct 
result of the expression of the therapeutic compound. Even if the initial transduction efficiency is low, this 
should allow for sufficient and sustained expression of the cytostatic compound. In case of an anti-angiogenic 
approach this should result in a sustained inhibition of tumour blood vessel formation, effectively restricting 
tumour growth for a prolonged period. C) Immuno stimulatory gene therapy harbours the same advantage as 
cytostatic therapy, in that the transduced cells are not directly affected by expression of the therapeutic gene. 
Immune stimulation can be accomplished directly by modifying immune effector cells like T-cells or dendritic 
cells to enhance the recognition of tumor specific antigens like activated oncogenes. Indirect stimulation by 
expressing immuno stimulatory compounds, for example the cytokine IL-2, is another option. The induction of 
an efficient tumour specific immune response should be able to eliminate all tumour nodules present in the 
body. D) Virotherapy utilizes (tumour specific) replicating viral vectors to eliminate tumour cells. As in 
cytotoxic gene therapy the transduced cells will be directly eliminated. However, upon death of the initially 
transduced tumour cell newly produced viral particles will be released that initiate subsequent rounds of tumour 
cell infection. 
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to “cure” the affected cells. Consequently, the goal of cancer gene therapy is to introduce 

genetic material that results in selective elimination of tumour cells.  This genetic approach to 

cancer therapy potentially offers vast improvements over conventional radio- and 

chemotherapy that are bogged down by their non-selective nature and subsequent dose 

limiting toxicity to normal tissues.  

Due to the increasing knowledge of cancer biology many potential targets and 

therapeutic genes that can be applied in cancer gene therapy have been identified. Obvious 

targets for tumour selectivity are the aberrant expression of specific cell surface markers,  

intracellular proteins, activation of oncogenes and the lost expression of tumour suppressor 

genes (38,39). These genetic differences between normal and tumour cells can be directly 

exploited by, for example, the reintroduction of tumour suppressor genes or by the tumour 

specific introduction and/or expression of toxic genes. Indirect therapeutic strategies, like the 

enhancement and / or activation of host anti-tumour immune responses towards for instance 

activated oncogenes, or the inhibition of tumour neoangiogenesis are other options. All these 

strategies are outlined in figure 1. However, despite this host of potential therapeutic targets 

the first requirement for effective cancer gene therapy, the selective and efficient delivery of 

genes in vivo, has appeared to be a much bigger problem than initially anticipated. 

Considering that viruses are able to efficiently deliver their genetic payload in vivo,  a large 

research effort has been put into virus biology focussed on the developement of efficient gene 

delivery vehicles (40-42). 

 

Viruses are ideal gene transfer vehicles 

The simplest way of gene delivery is to directly inject naked (plasmid) DNA containing the 

gene of interest. However, naked DNA is not able to effectively conquer the hurdles it finds 

on its path towards to nucleus were gene expression is initiated (43). DNA uptake, in itself 

very inefficient, occurs by endocytosis resulting in the degradation of most of the DNA in the 

endo- or lysosome. The DNA that is able to escape the endosomal pathway has to avoid 

cytoplasmic nucleases and enter the cell nucleus by chance as there is no natural targeting 

pathway for naked DNA to the nucleus. Consequently, naked DNA is only used in 

applications for which a low gene transfer efficiency is sufficient, like genetic vaccination 

(44). To overcome the limitations of naked DNA transfer several vehicles for gene transfer 

have been developed. These can be divided in synthetic vehicles (liposome and polymer 

formulations) and biological vehicles (i.e. viruses). Because synthetic DNA delivery systems 
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are more suitable for large-scale production and commercialization and because they raise 

less safety problems, a lot of research is invested into improvement of these systems. 

Although these synthetic systems do perform superior to naked DNA in passing the cell 

membrane and escaping from the endosome, their overall efficiency is still low and they are 

outclassed by many if not all of the virus-based transfer systems currently available. 

Over the years several viruses, including retroviruses like the Murine leukaemia virus 

(MLV) and human immunodeficiency virus (HIV) and DNA viruses like the herpes simplex 

virus, the adenovirus and the adeno associated virus (AAV) have been developed as gene 

delivery systems (41,45-47). The basic blueprint for the construction of all viral vector 

systems is similar. Removal of the genes needed for viral replication provides space for the 

introduction of therapeutic genes. Depending on the virus of origin and vector safety 

requirements, additional viral sequences can be removed resulting in vectors that contain 

virtually no original viral genetic material. All these viral vector systems have there own 

individual advantages and disadvantages that to a large extend determine for which 

application they are most suitable. Integration into the genome of the target cell, which allows 

sustained gene expression, is for instance a very important differentiating characteristic.  

Vectors derived from adeno associated virus and retrovirus are able to integrate their DNA 

into the genome of the host/target cell, providing sustained gene expression. Consequently 

these systems are best suited for correction of inherited disorders.  In contrast, vectors derived 

from viruses like adenovirus and herpes simplex virus that do not integrate into the host cell 

genome, only provide transient gene expression. In strategies were the primary goal is 

elimination of cells, like in cancer gene therapy, the lack of sustained transgene expression is 

not necessarily a problem. Consequently, and due to the high gene transfer efficiency and 

easy vector production, the adenoviral vector has become one of the most popular vector 

systems in cancer gene therapy applications (48). 

 

Adenoviruses 

The human adenovirus family consist of 51 known serotypes divided into six subgroups (A to 

F) (49,50).  This family of non-enveloped DNA viruses is best known for causing (mild) 

respiratory infections (subgroup A and F) and intestinal infections (subgroup B, C and E). 

The natural tropism of these non-enveloped DNA viruses differs between the members of the 

different subgroups and this in part can be attributed to differences in the characteristic fiber 

proteins that spike out of the adenoviral surface (figure 2a). These fibers facilitate the first 
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step of infection, the binding of the viral particle to specific cell surface receptors (figure 2b). 

The most widely used adenoviral receptors are the Coxsackie adenoviral receptor (CAR), to 

which all subgroups except B can bind, and the CD46 receptor to which subgroup B binds 

(49,50). Both receptors are abundantly expressed on the majority of human cell types.  

Following fiber mediated attachment to the cell, interactions between the viral penton base 

and αv -integrins induce receptor-mediated endocytosis of the viral particle. Subsequently, 

upon acidification of the endosome the fibers detach from the viral particle causing lysis of 

the endosome and release of the adenoviral capsid into the cytoplasm. The remainder of the 

viral particle undergoes further uncoating and microtubules transport the core of the virus to 

the nucleus. The viral genome is able to enter the nucleus through the nuclear pore, making 

adenoviral infection independent of the cell cycle status. Upon entry of the adenoviral 

genome into the nucleus the production of new particles is initiated with the expression of the 

viral Early region 1 (E1) genes (figure 2).  

 

 

 
Figure 2: Adenovirus (opposite page) 
A) left: Schematic representation of an adenoviral particle showing its genome and some important structural 
proteins produced in the later phase of the viral life cycle (see below). Right: electron microscopic picture of an 
adenoviral particle. Adenoviral particles have a diameter of approximately 100 nm. B) Cartoon of the adenoviral 
life cycle. Left: The adenoviral particle attaches to the cell surface via fiber protein mediated binding to the 
Coxsackievirus-adenovirus receptor (CAR). A second interaction between the adenoviral penton base and cell 
surface αV integrins initiates internalisation of the viral particle. In the cytoplasm the viral particle is uncoated 
and its genome is transported to the cell nucleus, where expression of viral E1 proteins initiates viral replication 
(middle panels). Finally, the new viral particles are released from the cell nucleus by adenovirus induced cell 
death (right panel). C) Schematic representation of the adenoviral genome, displaying the immediate early 
(E1A), early (E1B-E4) and the MLP (major late promoter) driven late (L1-L5) expressed coding regions. ITR: 
inverted terminal repeat. Ψ: packaging signal. D) Cartoon depicting some important events following adenoviral 
infection. E1A is the first gene region to be expressed upon adenoviral infection of a cell. E1a releases E2F 
transcription factors from the retinoblastoma protein (pRB) forcing the cell into the Synthesis phase of the cell 
cycle. Subsequently, the other early regions are expressed. At this early stage in the viral life cycle E1B 
sequesters the p53 protein, effectively blocking virus induced p53 mediated apoptosis of the host cell. In the 
later phases of the viral life cycle E1B also plays an important role in the export of late expressed viral mRNAs. 
E2 genes ensure the replication of the viral genome. Early in the adenoviral life cycle E3 genes protect the host 
cell from attacks from the immune system by a.o. blocking MHCI (major histocompatibility complex I) 
mediated (viral-)antigen presentation. In the later stage of the adenoviral life cycle the Adenoviral Death Protein 
(ADP) is expressed from the E3 region. ADP initiates cell death and subsequent release of viral particles. The 
E4 region plays a role in viral mRNA metabolism (together with E1B) and the initiation of cell death (together 
with E3). Approximately 6-8 hours post infection the late phase of replication is initiated. In this phase mainly 
structural proteins, like the fiber protein, are produced and the assembly of new viral particles takes place in the 
nucleus. 
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Considering the fact that the expression of the E1 region is essential for the initiation 

of viral replication, removal of this region from the viral genome is sufficient to produce 

replication incompetent virus. The most simple adenoviral vector system, first generation 

vectors, indeed only have the E1 region removed, creating replication deficient vectors with 

approximately 5 kb (the size of the E1 region) to spare for the introduction of therapeutic 

genes. These E1 deleted adenoviral vectors retain the ability to efficiently enter both dividing 

and non-dividing cells and provide high expression levels of the introduced therapeutic gene. 

Because these adenoviral vectors cannot replicate they have to be produced on cell 

lines that provide the missing E1 gene in trans. Frequently used adenoviral producer cell lines 

are the human embryonic kidney derived cell line HEK293 and the human embryonic 

retinoblast-derived cell lines HER911 and PerC6 911 (51-53). All of these cell lines allow 

production of high titre adenoviral vector stocks. With regards to generating clinical batches 

of non-replicating adenoviral vectors the most important difference between these cell lines is 

the risk of unwanted recombinations between the adenoviral vector and the E1 region 

provided in trans. This risk correlates with the extend of overlap between the E1 region 

present in the cellular genome and the recombinant adenoviral vector.  HEK293 cells not 

only contain the E1 region but also the flanking regions, which are also present in the 

adenoviral vectors. Due to this considerable overlap, recombination between E1 flanking 

regions present in the cellular genome and that present in these adenoviral vectors can occur, 

which can result in re-introduction of the E1 gene. Prolonged passaging of adenoviral vectors 

in these cells indeed results in recombination-based contamination with replication competent 

adenovirus (RCA). To eliminate the risk of RCA contamination, cell lines have been 

developed in which the flanking regions have been shortened (HER911) and even completely 

removed (PerC6). Since no overlap with the adenoviral vectors exists in the PerC6 cell line, 

the risk for generating RCA is completely eliminated. Therefore, this cell line is ideally suited 

for the production of vector batches for clinical protocols, although it must be said that 

HEK293 cells have also been frequently used for this purpose. A large number of pre-clinical 

studies in animal models have shown impressive therapeutic results using adenoviral vector 

mediated cancer gene therapy. Concordantly, some of these approaches have entered clinical 

trials. 
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Replication-deficient adenoviral vectors in clinical protocols  

Since 1989 about 100 clinical trials have been initiated, using replication-deficient adenoviral 

vectors, to introduce a number of different genes into tumours. The payloads (the therapeutic 

genes transferred) generally fall into one of three categories: Gene replacement, 

immunotherapy and enzyme directed pro-drug therapy (suicide gene therapy). Gene 

replacement therapy accounts for approximately 50% of all clinical protocols and has been 

exclusively performed with the p53 gene. Re-introduction of the wild type p53 gene, that is 

mutated or deleted in the majority of cancers, restores the normal response to aberrant DNA 

damage and initiates apoptosis in tumour cells (54,55). Responses have been observed only in 

relatively easy accessible and defined tumours. The most successful example of this is the 

adenoviral p53 treatment of head and neck cancer, currently in phase III trials in combination 

with chemo and/or radio therapy (56,57).  

 

Replication-deficient vectors for the treatment of liver cancer 

When taking a closer look at the treatment of hepatic tumours using adenoviral vectors there 

are 15 phase I clinical protocols targeted at (primary and/or secondary) liver cancer. So far 

for only three protocols data have been reported in literature (58-60). Interestingly, no data 

with p53 replacement, arguably the most effective strategy thus far, have been reported in 

literature despite the existence of three clinical protocols utilizing this strategy  

(http://82.182.180.141/trials/index.html trial id CH-018, US-097, UK-019) (48,61). The three 

trials for which data have been published employed either immunotherapy or a virus directed 

enzyme pro-drug therapy (VDEPT, also see figure 3 page 38). The immunotherapeutic 

approach entailed the application of an adenoviral vector encoding Interleukin–12 (Ad.IL-

12), which was expected to stimulate host anti-tumour immune responses. Intratumoural 

injection of up to 3 x 1012 viral particles of Ad.IL-12 was well tolerated but exerted only mild 

antitumour effects (i.e. stable disease in 29% of the treated patients, n=20).  

The other two trials used a virus directed enzyme pro-drug strategy to kill the tumour. 

The main problem with systemic chemotherapy is that general toxicity already occurs at 

levels of chemotherapeutics that only have limited effect on the cancer cells. The basic 

principle of suicide gene therapy or enzyme pro-drug therapy is to widen the therapeutic 

index of conventional chemotherapy (62). Suicide genes typically encode for (mostly non-

human) enzymes that can convert harmless substances (pro-drugs) into toxic compounds that 

can kill both the cell in which it is produced and the surrounding cells. This is also referred to 
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as the bystander effect (figure 3 page 38).  Thus, by limiting expression of the suicide gene to 

tumour tissue, high local levels of the chemotherapeutic drug can be reached. These high 

concentrations are impossible to obtain by conventional chemotherapy. Adenoviral transfer 

of two different suicide genes has been tested in patients with primary or secondary liver 

cancer.  

In the first study the Herpes simplex thymidine kinase (HSV-TK) gene was used as 

the suicide gene. HSV-TK encodes for an enzyme that converts the antiviral compound 

Ganciclovir ((9-[[2-hydroxyl-1-(hydroxymethyl)ethoxyl]methyl]guanine) into Ganciclovir-

triphosphate. This nucleoside analogue can travel between cells through gap junctions 

(bystander effect) and its incorporation in the genome causes cell death. Accordingly, when 

HSV-TK is expressed in actively dividing tumour cells they can be eradicated by Ganciclovir 

treatment. Safety and feasibility of adenoviral HSV-TK treatment was assessed by Sung et al. 

in sixteen patients suffering from progressive colon cancer with metastases to the liver (58). 

All received percutaneous intratumoural injections of an adenoviral vector expressing the 

HSV-TK gene and were subsequently treated with Ganciclovir for 7 days. About two thirds 

of the patients experienced adverse effects and these were mainly limited to transient 

injection site pain and fevers. Mild liver toxicity was observed in only a few patients (3/16). 

The effects of the treatment were limited with maximal response being stable disease. The 

fate of the vector was only marginally studied in this trial, making it difficult to identify 

which aspects of the therapy need to be improved. 

The second study using a VDEPT approach employed the E.coli Nitroreductase 

(NTR) gene as the suicide gene. The NTR gene converts the pro-drug CB1954 (5-[aziridin-1-

yl]-2.4-dinitrobenzamide) into an active metabolite that freely diffuses across cell membranes 

and can form crosslinks between DNA strands, which result in cell death. Safety of the 

adenoviral vectors encoding NTR (CTL102) and CB1954 has been studied in separate phase 

I trials. A paper by Chung-Faye et al reported that CB1954 is well tolerated in humans at a 

dose that is expected to have appreciable anti-tumour effects. (63) Expanding on these results 

a second phase I trial was conducted, investigating the intratumoural delivery of a replication 

deficient adenovirus encoding nitroreductase (CTL102) in patients with resectable liver 

cancer (60).  Eighteen patients suffering from resectable liver cancer (primary or secondary 

colon cancer metastasis) received an intratumoural injection of CTL102 followed by 

resection of the tumour 3-8 days post injection. In concordance with the HSV-TK trial no 

dose limiting toxicity, nor a change in inflammatory markers (erythrocyte sedimentation rate, 

18 



Introduction 

c-reactive protein, Interleukin-6) was observed. The most frequent toxicities were again 

(mild) injection site pain and asymptomatic fever. Vector DNA was detected in blood within 

30 minutes following intratumoural injection, but was undetectable at 8h-24h and thereafter. 

The majority of the patients had detectable antibodies to adenovirus and following vector 

injection all patients showed an increase in antibody titres. There was no apparent correlation 

between antibody titres and gene transfer. CAR (the primary receptor used by adenovirus) 

was abundantly expressed by the tumour cells and transduction of tumour cells could be 

demonstrated for all doses of virus used. Analyses of tumour sections suggested that 

maximally 10% of the injected tumour mass was transduced. Normal cells like macrophages 

were also found to stain positively for NTR as did some normal liver tissue with the highest 

vector doses used (5x1011 viral particles). 

 

Disappointing trial results using replication deficient adenoviral vectors instigates the 

development of replication competent vectors. 

The absence of impressive tumour responses in the phase I trials for liver cancers are in 

concordance with the results of similar trials performed for other tumours. Overall, the 

information generated in these trials indicates that the gene transfer efficiency of non-

replicating viral vectors is very poor in vivo. In order to tackle this delivery problem many 

groups focused on the development of replication competent viral vectors. The underlying 

principle is that viral replication in the initially small transduced cell population results in a 

burst of adenovirus progeny that can infect surrounding tumour cells (figure 1). If proper 

regulatory mechanisms are in place, this in theory means that viral replication will not cease 

until all tumour cells have been eliminated. This is termed oncolytic- or virotherapy because 

in this strategy the viral vector itself becomes the therapeutic agent. Although similar 

strategies are being explored using viruses like measles virus and vesicular stomatitis virus, 

most research focuses on replicating adenoviral vectors. 

 

Replicating adenoviral vectors for cancer gene therapy  

(viro/oncolytic therapy) 
Replication competent adenoviruses have already been tested in clinical trials to treat cancer 

long before research on gene therapy started. In the 1950’s Scherer et al found that 

adenovirus can efficiently lyse the human cervical cancer cell line HeLa (64). Based on this 

observation the therapeutic effect of different human and simian adenoviral serotypes were 
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tested in cervical cancer patients (65). Thirty patients were treated with in total eleven 

different serotypes, including serotype 2 and 5, which are now used in the majority of 

adenoviral gene therapy strategies. This trial demonstrated safety of the approach and 

suggested biological activity and persistence of the replicating adenovirus in tumours in vivo. 

Although extensive tumoural necrosis occurred in most patients, complete destruction of the 

tumour was not accomplished and regrowth of the tumours occurred. Because of this 

apparent lack of efficacy, this strategy was abandoned for more than three decades. Upon 

revitalization of the strategy, changed safety regulations and the ultimate goal of systemic 

delivery instigated extensive interest in ways to restrict viral replication exclusively to cancer 

cells. One of the first and by far the most intensely studied oncolytic adenoviral vector, 

especially in clinical trials, is ONYX-015. 

 

ONYX-015 

The initiation of adenoviral replication requires expression of the viral E1 region (figure 2). 

This E1 region encodes two different (groups of) proteins, the first, E1A, is the master switch 

of viral replication and the second, E1B, ensures that E1A can perform its function. A key 

process facilitated by E1A is to release E2F transcription factors that in non-dividing cells are 

sequestered by the retinoblastoma protein. Release of E2F drives the host cell into the S 

(synthesis) phase in which adenoviral replication becomes possible. However, entry of viral 

particles and foreign DNA into cells can directly induce p53 mediated host cell apoptosis. 

The adenovirus E1B55 kD protein directly inhibits host cell p53 protein and as such plays an 

important role in prevention of pre-mature apoptosis of the host cell upon viral infection. In 

the ONYX-015 adenovirus an 827 bp deletion has been made in the gene encoding the E1B 

55 kDa protein eliminating the expression of this protein (66). Because this mutant can not 

express the E1B 55 kDa protein it was believed that this vector was only capable of 

(efficient) replication in p53 deficient tumour cells (67). However, the replication efficiency 

of ONYX-015 could not always be correlated to the p53 status of the cells. Recently, it was 

shown that ONYX-015 replication depends on an, as yet, unidentified mRNA transport 

mechanism that is active in many cancer cells but not in normal cells (68). Although this 

indicates that ONYX-015 replication does not depend on the p53 status of the cells, the 

majority if not all ONYX-015 trials have been performed assuming the p53 mediated 

mechanism of tumour specificity. 
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Onyx-015 scores against cancer 

Gene therapy scores against cancer, was the title of an editorial in Nature Medicine vol 6 #8 

august 2000 (69). The title referred to a paper in the same issue reporting the results of a 

controlled phase II clinical trial for recurrent Head and Neck cancer using ONYX-015 (70). 

Treatment consisted of intratumoural injection of ONYX-015 followed by intravenous 

chemotherapy (cisplatin and 5-fluorouracil). Objective tumour responses (> 50% decrease in 

tumour size) were obtained in 53% of the treated patients (N=37).  For eleven patients 

internal controls were present (adjacent untreated tumour nodules). ONYX-015 DNA was 

detected in four of seven evaluable tumour biopsies, and was frequently observed in areas of 

necrosis, suggestive of ONYX-015 replication and cell lysis. No ONYX-015 DNA was 

detected in normal cells. Six months post treatment none of the injected tumours had 

progressed. There was no correlation between neutralizing antibody titres before or after 

treatment and efficacy of the treatment. No adverse effects were observed in this trial and 

predominant toxicities were injection site pain and flu like symptoms which were comparable 

to those seen with non-replicating adenoviral vectors. Thus, conditional replicating 

adenoviral vectors seem to have increased efficacy without causing severe toxicity.  

A striking feature of the protocol is the large number of ONYX-015 administrations in 

these patients. Per patient a single tumour nodule of approximately 4 cm diameter was 

injected with 5x1010 pfu (~5x1011 viral particles) over a five-day period. A minimum of 30 

injections, meant to disperse the virus as equally as possible over the complete tumour mass, 

was used. At least two of these treatment cycles were performed in the patients that 

responded to therapy. Furthermore, a previous trial also targeted at head and neck cancer 

indicated that ONYX-015 monotherapy results in a response rate of only 15%. The 50% 

response observed in this trial thus relies on the combination of ONYX-015 with 

chemotherapy, which on its own also had little effect.  The reason for this synergistic effect 

between the adenoviruses and chemotherapy are not clear but several mechanisms potentially 

play a role (71-77). Probably being over simplistic, there are basically two ways in which the 

combination of adenoviral gene therapy and chemotherapy can work. First of all, there is the 

influence of virus and chemotherapeutics on the cell cycle status. Wild type adenovirus drives 

cell into the S phase and subsequently arrests cells in the G2 phase ensuring an ample supply 

of nucleotides and other cellular factors needed for viral replication. Consequently, 

chemotherapeutics that induce S/G2 arrest can greatly enhance the amount of viral particles 

produced per cell. The latter may be more pronounced in adenoviruses, like ONYX-015, that 
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contain mutations in the viral genome (specifically in the E1 region) that amongst others 

disturb viral control over the cell cycle. On the other hand, adenovirus-mediated arrest in the 

S/G2 phase makes cells more susceptible to chemotherapeutics that primarily assert their 

effect by interfering with DNA synthesis. In addition, certain deletions in the adenoviral 

genome, including the one in ONYX-015, impair viral control over host cell apoptotic 

pathways. This can result in an enhanced sensitivity to apoptosis inducing drugs. It has 

recently been discivoverd that the working mechanism of ONYX-015 involves specific viral 

mRNA export in tumour cells. It may therefore be hypothesized that cellular stress induced 

by chemotherapeutic agents potentiates adenoviral mRNA export from the nucleus and in this 

way enhances adenoviral replication (67). Whether such an effect actually takes plays 

remains to be elucidated but it is known that cellular stress (heat stress) immediately alters 

the type of mRNAs that are exported from the nucleus to favour those of heat shock proteins 

(78). 

Finally, although a far cry from the elegance typically associated with cancer gene 

therapy, the extensive amount of ONYX-015 injections in combination with chemotherapy 

did result in impressive anti cancer effects. Consequently, ONYX-015 is currently in phase 

III trials for Head & Neck cancer (57). However such a large number of injections will most 

likely not be routinely feasible in tumours that are not only less well accessible but also 

dispersed throughout certain organs or even the complete body.  In this respect both forms of 

primary liver cancers appear to be difficult to treat by repeated injections although in some 

cases of HCC the number of nodules may be limited enough to allow local viral injections. 

Despite this apparent drawback of the ONYX-015 approach, it has been explored in several 

clinical trials targeted at liver cancer. 

 

Onyx-015 in liver cancer patients 

Three different centres have reported results with ONYX-015 in clinical trials (up to phase II) 

for primary and secondary liver cancers (79-82). In total 69 patients have been treated with 

ONYX-015 and targets included cholangiocarcinoma, hepatocellular carcinoma and hepatic 

metastases of colon cancer. Within these trials all possible administration routes have been 

utilized; intratumoural, intra arterial (hepatic artery), intra venous and intra peritoneal. The 

most predominant toxicities were limited to injection site pain (if intratumourally 

administered) and fever / flu-like symptoms. Thus overall it can be concluded that the 

application ONYX-015 via any of these administration routes is safe. In 66% of treated 
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patients (n=53) a tumour response was observed. The majority of these responses (77%) were 

classified as stable disease. The two trials constituting the bulk of the treated liver cancer 

patients are interesting with regard to the application route and / or the target cancer type. 

 In a phase II trial performed by Reid et al, twenty seven patients suffering from 

gastrointestinal carcinoma metastasized to the liver were treated with hepatic arterial infusion 

of ONYX-015 and systemic chemotherapy (83). Patients received up to eight cycles of 

ONYX-015, each cycle consisting of a single dose of ONYX-015 (2x1012 viral particles) 

administered via the hepatic artery.  As of cycle three ONYX-015 infusion was followed by 

intravenous chemotherapy. Two thirds of the patients responded to the therapy, of which 

more than half were rated as stable disease. The most serious toxicity observed was a 

systemic inflammatory reaction, following a fourth treatment cycle that resolved within a 

week. No correlation between disease response and the presence of neutralizing antibodies 

and / or antiviral cytokines was observed. 

A second trial performed by Makower et al is of special interest because it is the only 

trial in which an oncolytic vector has been applied to patients suffering from tumours of the 

biliary system (75% of the enrolled patients) (81,82). Nineteen patients all suffering from 

advanced or metastatic carcinoma of the hepatobiliary system (including hepatocellular 

carcinoma, cholangiocarcinoma, carcinoma of the gallbladder, or carcinoma of the ampulla of 

vater) who were not eligible for resection, were intratumourally treated with ONYX-015. 

Additionally, if malignant ascites was present, ONYX-015 was also applied intraperitoneally. 

In sixteen patients tumour response could be evaluated and there was one partial response and 

12 stable diseases. Again, there was no correlation between response and the presence of 

neutralizing antibodies. In this trial a unique case was included that allowed detailed 

investigation of the fate of ONYX-015 upon intratumoural injection. In this patient, suffering 

from gall bladder carcinoma, two metastasis localised in the abdominal wall were identified 

and subsequently injected with 1x1010 ONYX-015 viral particles / lesion. One lesion was 

excised 37 hours post injection, the other 7 days post injection. Both lesions were analysed 

for the presence of mRNA encoding Hexon, one of the structural adenovirus proteins. 

Because the expression of structural proteins like hexon is limited to the final phase of 

adenoviral replication, presence of hexon mRNA confirms the presence of actively 

replicating virus (figure 2). Hexon mRNA was detected at both time points after ONYX 

injection but staining of the lesion harvested after 37 hours appeared to be the most intense. 

Interestingly, ONYX replication could be detected not only in tumour cells but also in cells 
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that were considered to be normal. No signs of necrosis or apoptosis could be detected in the 

proximity of the infected cells. Furthermore, lymphocyte infiltration into the tumour was very 

limited. Altogether the data obtained from these two lesions suggest that ONYX-015 

replication does occur both in normal and tumour cells but does not seem to be very efficient 

in either. 

 

Clinical trials demonstrate that there is need for improvement. 

ONYX-015 displayed a dramatic and specific increase of vector delivery to tumour cells in 

animal experiments (mostly performed in athymic nude mice with human tumour xenografts) 

but did not bring the expected major improvement of vector delivery and anti-tumour effect 

in humans (68). The limited efficacy of the ONYX-015 approach is not surprising in view of 

the results obtained with intratumoural injection of wildtype adenovirus as performed in the 

nineteen fifties (116). Although wildtype adenovirus resulted in extensive necrosis of the 

tumour, it did not result in complete destruction of the injected tumour. Furthermore, since no 

damage of surrounding normal tissue was seen nor was any virus recovered from throat or 

anal swabs replication of the wildtype adenovirus appeared to be restricted to tumour tissue. 

Because these wildtype adenoviruses showed only limited efficacy in patients, switching to 

mutated and thus crippled adenoviruses does not appear to be the most logical step towards 

improved efficacy. Altogether this study with wildtype adenovirus indicates that we should 

focus on increasing viral efficacy.  

A possibility to enhance the efficacy of viral vectors is to arm the vectors with 

cytotoxic genes. Obviously expression of these toxic genes should not result in abortive viral 

replication. Consequently the enhancement of adenovirus induced cell death should focus on 

the late stage of viral replication, when the viral particles are being assembled. In fact, the 

importance of toxic proteins for efficient adenoviral replication is clearly demonstrated by the 

adenoviral death protein (ADP) (84). To prevent abortive viral replication ADP is under 

control of the adenovirus major late promoter and its expression is restricted to the late phase 

of the viral life cycle. Interestingly, in most recombinant adenoviral vectors the E3 region 

which contains the ADP gene has been deleted. Recently it was shown that this absence of 

ADP impairs viral replication while overexpression of ADP late in the viral life cycle results 

in an impressive increase in viral release and spread (85). To enhance the efficacy of 

recombinant replicating adenoviral vectors the ADP or other, potentially more effective, 

genes should be (re-)introduced. Although this will improve viral release from infected cells 
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it will not improve viral entry into the tumour cells nor will it reduce sequestering of virus by 

non target, i.e. normal, cells. 

Since tumours are not the natural target of adenoviral vectors, improving the viral 

entry into cancer cells is another area in which the adenoviral vectors should be improved to 

enhance efficacy. In fact the natural tropism of all adenovirus serotypes is limited to 

epithelial cells of the respiratory tract and the intestine. Most likely, this limited tropism is 

caused by a combination of accessibility and specific expression of the receptors that mediate 

adenoviral infection. For most serotypes these receptors have not yet been identified but it 

has been established that for most adenovirus serotypes the Coxsackievirus and Adenovirus 

Receptor (CAR) can play a pivotal role in initial viral attachment to the cell surface. In fact 

for serotypes of subgroup C, which includes serotype 5, the CAR is known to be the primary 

attachment receptor. This has led to the assumption that low expression CAR is an important 

cause of the limited gene transfer found in many clinical studies. Currently, it is unclear if the 

loss of the CAR in primary tumours is widespread as no large screens of CAR expression on 

primary human tumour cells of different origin have been published. Nevertheless, 

considering that CAR can function as a tumour suppressor and the finding that low CAR 

expression on primary tumours does correlates with poor adenoviral transduction seems to 

indicate that the modification of adenovirus tropism is an essential step towards constructing 

an effective vector (86-88). Modifications of adenoviral tropism will, in theory, not just result 

in more efficient entry into tumour cells but may also prevent viral entry into normal cells.  

Several groups have focussed on transductional targeting of adenoviral vectors by 

modification of the structural genes of the virus. Thus far it has been demonstrated that 

several viral capsid proteins can be easily manipulated and allow the introduction of targeting 

ligands that can expand viral tropism towards receptors highly expressed on tumour cells. 

Especially the HI-loop of the fiber has been successfully studied as a site to introduce 

peptides with affinity for receptors that are highly expressed on tumours (89-93). Ideally, 

these modifications should restrict viral entry to tumour cells. However, removing the natural 

viral tropism, in order to create truly tumour specific vectors, has proven to be difficult (94). 

Furthermore, in most cases the receptors identified on tumours are also expressed on several 

normal tissues. Therefore, although transductional targeting has proven to be a good method 

to improve viral entry into tumours, it seems unlikely that it will be feasible to restrict viral 

entry solely to tumour cells. In fact, tropism modification of adenoviral vectors may also 

result in vectors that are able to replicate in normal tissues that are refractory to infection with 
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wildtype adenovirus. In man the natural sites of adenoviral infection are the epithelia of the 

respiratory tract and the intestine and symptoms are usually quite mild (although in children 

diarhea may be severe). Replication of adenovirus at other sites, like for example resting 

vascular endothelium, may cause serious adverse effects. The latter is illustrated by naturally 

occurring adenoviruses specific for deer and mice that can efficiently infect and replicate in 

vascular endothelium of the respective species and cause severe hemorrhagic disease (95,96). 

Consequently, and in contrast to adenoviral infections in humans, adenoviral infections are 

frequently lethal in these animals. Considering the latter, it seems likely that modifications of 

adenovirus serotype 5 vectors that result in an increased tropism for resting normal 

endothelium may result in more pathogenic vectors. This will be particularly dangerous when 

using replication competent vectors. This potential danger of uncontrolled replication of 

tropism modified adenoviral vectors in non target normal tissues, can be addressed by 

constructing conditionally replicating adenoviruses (CRAds).  

One possibility to develop CRAds is to delete specific functions from the viral 

genome that will prevent replication in normal cells but not in tumour cells. As discussed 

earlier, ONYX-015 is the best known example of such a CRAD. Although initially p53 

expression was thought to prevent replication of ONYX in normal cells it recently has 

become clear that the deleted E1B protein is involved in transport of viral mRNA from the 

nucleus to the cytoplasm (68).This demonstrates that extensive knowledge of the adenoviral 

life cycle and the human proteins that play a role in it, is essential for rational development of 

CRAds. An important aspect of these CRAds is that the modification should not impair 

efficient replication in cancer cells, since this is a prerequisite for therapeutic efficacy. In 

recent years more subtle deletions have been introduced in the adenoviral genome. Of these 

the most extensively studied is a small deletion of 24 bp in the conserved region 2 of the 

adenoviral E1A region (97,98). This 8 aminoacid deletion in the E1A protein renders the 

virus incapable of releasing cellular E2F transcription factors, which are needed for viral 

replication and cell cycle progression (figure 2).  

An alternative approach to make tumour specific replicating adenoviruses is to replace 

viral regulatory elements that control the expression of E1 by tumour specific promoters 

(TSP) (99). Compared to the development CRAds by deletions in viral coding regions, as 

previously discussed, the use of TSP requires less detailed knowledge of viral biology. 

Instead it requires extensive knowledge of the introduced promoters. Since insertion capacity 

of adenoviral vectors is limited, only a small region of the endogenous promoters can be 
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used. Therefore an important issue is whether the selected promoter region will retain tumour 

specificity once inserted in the adenoviral genome. Especially the absence of promoter 

activity in normal tissues is very relevant since Hitt and Graham showed that low expression 

of E1 is sufficient for efficient adenoviral replication (100). In fact, because they showed that 

very high E1 expression did not increase adenoviral replication efficiency, high promoter 

activity in the tumour cells seems less relevant. Thus, selection of TSP should not be 

focussed on high activity in tumour cells but on complete silence in normal cells. Up to now 

clinical trial data have been presented in literature only for one adenoviral vector controlled 

by a tumour specific promoter (aimed at prostate cancer), with encouraging results 

comparable to those of the previously discussed clinical trials with ONYX-015 (101).  

 

Safety concerns and the development of more potent adenoviral cancer 

gene therapy vectors 
The main conclusion of all cancer gene therapy trials utilising adenoviral vectors is that the 

application of these vectors in cancer gene therapy is safe, with the main toxicities being 

injection site pain (upon intra tumoural injection) and fever. However, the risk of novel 

treatments, like adenoviral mediated gene therapy are tragically illustrated by the death of 

Jesse Gelsinger, who was treated with a non-replicating adenoviral vector for ornithine 

transcarbmaylase (OTC) deficiency (102,103). In retrospect this seems to be a problem 

related specifically to OTC deficiency as these patients seem inherently more sensitive to 

viral infections and systemic inflammation compared to normal individuals. Indeed, no 

adverse events of this magnitude have been reported in cancer patients treated with similar 

doses of adenoviral vectors. Even intravenous injection of the conditionally replication 

competent ONYX-015 vector at similar concentrations as in the OTC trial (2x1013 of ONYX-

015 vs. 5x1013 replication deficient adenoviral particles) did not results in serious toxicity 

(103-105). However, since in many cancer patients the immune system is also compromised, 

these potential risks should still be addressed. 

At present, the main concerns for the application of adenoviral vectors are liver 

toxicity and acute toxicity. The concern for liver toxicity is caused by the apparent liver 

tropism of adenovirus, especially serotype 5. In mice the liver tropism of human adenovirus 

serotype 5 has been quite well established and upon injection into the tail vein typically 90% 

of the virus ends up in the liver (106-108). Based on these data Ad-5 is assumed to have a 

tropism for liver in man as well. Biodistribution studies as performed in mice are of course 
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not possible in man. Only in the OTC patient, injected with an unexpectedly lethal dose, 

biodistribution of Ad-5 upon systemic injection could be determined (103). As this study was 

designed to obtain expression in the liver, the vector was injected into the hepatic artery. 

Since in this patient high amounts of vector were detected in a number of organs, especially 

in the lymphohematopoietic organs, the tropism of Ad-5 for human liver seems less 

pronounced.  

Another indication about the tropism in man and the spread of adenovirus to internal 

organs upon entry of the circulation is provided by the data of disseminated adenoviral 

infections. These systemic adenoviral infections only occur in immune compromised 

subjects. Most data are from patients suffering from HIV or from patients who are receiving 

immune suppression because they have undergone an organ or bonemarrow transplant. In 

these patients adenovirus is very pathogenic and can induce lethal haemorrhage (109). 

Adenovirus could be detected in most organs. However, because biodistribution data have 

been obtained in post-mortem material it can not be excluded that presence of adenovirus at 

some sites may be due to spread of the virus at the final stages of the disease and that initially 

its spread may have been much more limited. An extensive review clearly indicates that 

adenoviruses can spread to many tissues including the liver (110).  An interesting observation 

with respect to possible liver tropism is that in all cases of disseminated infection with Ad-5 

but also other members of subgroup C, virus was detected in the liver. Furthermore, in 

patients that received a liver transplantation, disseminated infection usually was due to a 

member of the subgroup C, while in renal transplant patients disseminated infection were 

seen with members of subgroup B. This could be due to presence of latent adenoviral 

infection of subgroup C in the donor liver while latent infection of subgroup B are more 

prevalent in the kidney. Together these data are suggestive of a certain preference for the 

liver of Ad-5 but is certainly not restricted to the liver as its presence has been detected in 

lung, kidney, urinary tract and intestine. 

In conclusion, safety concerns should, in addition to the liver, also take into account 

the possible toxicity in other organs. Furthermore, increased transduction of endothelial cells 

may result in a virus that causes haemorrhage in many different organs as seen for 

adenoviruses in mice and deer. Therefore, in addition to a “liver off” phenotype of a CRAd, 

an “endothelial cell off” phenotype seems an important safety requirement especially when 

using a CRAd that displays enhanced entry in endothelial cells. The lethality of disseminated 

adenoviral infections clearly demonstrates the potential pathogenicity of this virus. This is an 
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important issue when considering systemic application. Furthermore, the death of Jesse 

Gelsinger resulted from systemic activation of the innate immune system (103). Subsequent 

studies in mice and non-human primates indicated that adenoviral vectors selectively target 

antigen-presenting cells in the liver and spleen leading to their immediate activation and 

production of pro-inflammatory cytokines. Since this targeting was caused by the viral capsid 

proteins, modification to diminish expression of viral genes will not prevent this. 

Modification of the viral capsid that alter tropism may reduce this targeting of antigen-

presenting cells and consequently may impair unwanted activation of the innate immune 

system. An additional problem in this respect is that mice and non-human primates are much 

more resistant to activation of the innate immune response, making it difficult to predict 

potential lethal effects using pre-clinical these animal models.   

However, although the addressed safety concerns are very important and should not 

be ignored, the currently available data of cancer gene therapy trials seem to indicate that at 

this stage of development neither liver toxicity nor immune responses are the limiting factors 

in adenoviral cancer therapy. The major hurdles at this point are still the inefficiency of in 

vivo gene delivery (efficiency of +10% upon intra-tumoural injection and +0.1% upon 

hepatic artery infusion) and the low efficacy of the currently used therapeutic genes (60,83).  

 

Conclusion 
The early adenoviral cancer gene therapy trials clearly did not fulfil the high initial 

expectations. These trials, often performed in patients in whom conventional therapy has 

failed, illustrated the relative safety of the approach and highlighted three areas in which 

there is significant room for improvement: 1) tumour specific replication, 2) modification of 

viral tropism and 3) efficient viral release and spread. As significant pre-clinical advances are 

being made in all three areas, an interesting array of replicating adenoviral vectors should 

enter clinical trials in the future. 

Nevertheless, one should never forget past experience and current insights in 

adenoviral tumour therapy demonstrating that tumour eradication is unlikely to succeed in a 

monotherapy setting. Truly beneficial effects for cancer patients are most likely obtained by 

careful incorporation of adenoviral therapy within the existing framework of available 

treatment modalities including surgery, chemo- and radiotherapy. 
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Scope of this thesis 
Developing gene therapy for cholangiocarcinoma 
Cholangiocarcinoma accounts for 15% of all primary liver tumours. The majority of these 

patients present with advanced incurable disease with a life expectancy of less than 12 

months (1-3). Resection is the only available (potential) curative treatment, but due to the 

advanced stage of the disease at the time of diagnosis, only 30% of the patients are eligible. 

Clearly, novel treatment modalities, including cancer gene therapy, need to be developed. 

The data presented in this thesis represent our efforts towards the development of gene 

therapy for cholangiocarcinoma. The aim of this thesis was to identify cholangiocarcinoma 

specific promoters that are silent in normal liver cells, for use in adenoviral gene therapy 

vectors. Additionally we also wanted to determine if the new HIV derived lentiviral vectors 

offer an alternative to adenoviral vectors for the delivery of therapeutic genes to 

cholangiocarcinoma 

 

 

Part 1 
Replication deficient viral vectors for cholangiocarcinoma gene therapy 

(Chapter 1) 

The ability of viruses to efficiently transfer genetic material in vivo has led to the 

development of non replicating viral vector systems.  Retrovirus (MLV HIV), herpes simplex 

virus (HSV), adenovirus and adeno associated virus (AAV) all have been used to construct 

gene delivery systems (4-7). An important distinction between these different viral vectors is 

whether they can be used to provide sustained expression of the delivered gene, such as 

retrovirus and AAV, or whether they are only suitable for transient expression such as 

adenovirus and HSV. Retroviral vectors and adenoviral vectors are the most widely used 

systems and both vector systems have been used in experimental cancer treatments. 

Adenoviral vectors are particularly well suited for cancer gene therapy as they have a 

relatively large transgene capacity, provide high transgene expression and can transduce both 

dividing and non-dividing cells. Especially the latter point is important as even within a 

population of tumour cells the percentage of dividing cells, at any moment, is low 

(approximately 10%) (8). Concordantly, one of the major drawbacks of using (classical) 

retroviral vectors for cancer gene therapy is their inability to transduce resting cells. In this 
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regard the development of lentiviruses (a sub class of retroviruses) like HIV as gene transfer 

vectors has broadened the utility of retroviruses because these are able to transduce both 

dividing and non-dividing cells (9,10). Since we observed that not all human 

cholangiocarcinoma cells are efficiently transduced by adenoviral vectors, we investigated 

the therapeutic potential of lentiviral vectors for the treatment of these tumours. We first 

compared the adenoviral vector system to the lentiviral vector system, using a Virus Directed 

Enzyme Prodrug Therapy (VDEPT). As the pro-drug converting enzyme we used the 

cytosine deaminase gene. We chose to use this gene because the encoded enzyme, cytosine 

deaminase, catalyses the conversion of the antifungal compound 5-FC into 5-FU (figure 3),  

one of the few chemotherapeutics for which efficacy has been demonstrated in 

cholangiocarcinoma patients (1,11-13). 

 
Figure 3: Cytosine deaminase mediated enzyme pro-drug therapy.  
Cells expressing cytosine deaminase can convert the non-toxic anti-fungal compound 5-fluorouracil (5-FU) into 
the chemotherapeutic agent and radiosensitizer drug 5-fluorocytosine (5-FC). 5-FC is able to freely diffuse 
across cell membranes and consequently does not only kill the cytosine deaminase containing cells but also 
some of the surrounding cells (bystander effect.) Also see the cytotoxic approach in figure 1 on page 11 
 

Lentiviral vectors and cytostatic therapy 

Tumour cells do not necessarily have to be eradicated for successful treatment of cancer. 

Bringing uncontrolled growth of cancer cells to a halt, would already significantly improve 

the prognosis of many cancers. The fact that lentiviral vectors are able to transduce non-

dividing cells and provide sustained transgene expression, gives them an advantage over both 

adenoviral- and classical retroviral vectors when cytostatic gene therapy is considered. 

Therefore we constructed and investigated a lentiviral vector expressing a new inhibitor of 

pericellular proteolysis; ATF-BPTi (14-16). 
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Pericellular proteolysis as a cytostatic target 

Pericellular proteolysis (figure 4) plays an important role in the invasive capacity of any cell 

type including endothelial cells and cancer cells. A central step in this process is the 

conversion of plasminogen into plasmin (17). Plasmin is involved in the degradation of 

various extracellular matrix components like fibronectin, laminin, vitronectin, and 

proteoglycans. Furthermore plasmin can also activate circulating pro-matrix 

metalloproteinases that can degrade collagen. (17)  

Plasminogen can be converted into plasmin by either the tissue-type plasminogen 

activator (tPA) or the urokinase-like plasminogen activator (uPA). Overexpression of the 

uPA and its cell surface receptor (uPAR) has been associated with a poor tumour prognosis 

(18). High expression of uPA and/or uPAR is typically found at the edge of 

invasive/migrating cells like endothelial cells (neoangiogenesis) and (invasively) growing 

tumour cells (17,19,20). The uPA-uPAR system can exert its effect on invasion/migration in 

several ways: direct control of extracellular proteolysis by concentrating plasmin on the cell 

surface (figure 4), regulation of cell adhesion by interaction of the uPA-uPAR complex with 
 

 
 
Figure 4: Plasmin, pericellular proteolysis and ATF-BPTi. 
a) In order to move through tissues, i.e. grow invasively, cells need to be able to degrade extracellular matrix 
proteins in their direct surroundings (pericellular proteolysis). The urokinase plasminogen activator (uPA) and 
the uPA receptor (uPAR) play a central role in pericellular proteolysis. Upon binding of uPA to the uPAR 
plasminogen can be converted into plasmin. High expression of the uPAR will thus result in an increased 
conversion of plasminogen into plasmin specifically at the cell surface. Plasmin can directly and indirectly, (via 
the activation of pro-matrix metalloproteases) initiate the degradation of the extracellular matrix. This process 
allows cells that express the uPA receptor to grow invasively. b) ATF-BPTi is a fusion between the amino 
terminal fragment (ATF) of uPA and the bovine pancreas trypsine inhibitor (BPTi). ATF-BPTi blocks 
pericellular proteolysis via two mechanisms. It prevents uPA from binding to uPAR effectively blocking the 
conversion of plasminogen into plasmin at the cell surface. Secondly, it actively inhibits previously generated 
plasmin via the BPTi part of the fusion protein. 
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the extracellular matrix via vitronectin and cell surface integrins, direct and indirect 

regulation of signal transduction pathways involved in cell migration i.e. activation of pro-

Hepatocye growth factor, basic fibroblast growth factor and Tumour Growth Factor β (17,21-

24). 

 

Inhibition of pericellular proteolysis by ATF-BPTi 

ATF-BPTi is a fusion protein of the amino-terminal receptor-binding fragment (ATF) of uPA 

and the bovine pancreas trypsin inhibitor (BPTi, aprotinin) (15,16). This fusion protein 

directly interferes with plasmin-mediated invasion in two ways (figure 4). Firstly, the ATF 

competitively binds to uPAR, blocking uPA binding and subsequently the generation and 

concentration of plasmin activity at the cell surface. Secondly, BPTi is a broad-spectrum 

protease inhibitor that amongst others inhibits uPA and plasmin (25,26). Since ATF-BPTi 

binds to the uPA receptor, which is over expressed on invasive tumour cells and activated 

endothelial cells, it is expected to home to tumour sites and suppresses both tumour invasion 

and neoangiogenesis. Indeed it has been demonstrated in a rat tumour model that transient 

systemic expression of ATF-BPTi, upon adenoviral transfer to the liver, can suppress tumour 

growth (14). Aiming to obtain prolonged expression of ATF-BPTi in and around tumour 

tissue we constructed lentiviral vectors expressing ATF-BPTi and investigated there potential 

for the treatment of primary liver tumours. 

 

 

Part 2 
Towards cholangiocarcinoma specific replicating adenoviral vectors 

(Chapter 2-4) 

Viruses will become powerful anti-tumour agents provided that vectors can be generated that 

selectively enter and replicate in tumour cells. The natural lytic life cycle of the adenovirus 

makes it particularly suitable as the basis for a conditionally replicating virus. As discussed 

on page 24 of the introduction tumour specific replication, tropism and timed lytic activity 

are three important aspects in the development of a conditional replicating adenovirus 

(CRAd) (fig 5). The data of the clinical trials seem to indicate that improving all these points 

is essential in order to generate a CRAd that will show appreciable clinical efficacy.  
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Using tumour specific promoters to acquire tumour specificity 

(Chapter 2 & 3) 

The introduction of tumour specific promoters into the adenoviral genome can ensure that the 

replication of the adenoviral vector is restricted to cancer cells.  Compared to the viral 

deletion mutants like ONYX-015 (see page 19), in which deletions in viral gene encoding 

regions can have unanticipated effects on viral replication, the introduction of a tumour 

specific promoter element to restrict E1 expression and thus viral replication to tumour cells 

seems much more straigthforward. Since we focus on the treatment of cholangiocarcinoma 

we set out to identify promoter elements that can be used to restrict viral transcriptional 

activity to cholangiocarcinoma cells. The promoter regions of previously identified tumour 

markers are obvious candidates. However, these identifications are typically based on high 

levels of protein expression, which is not only determined by transcriptional activity of the 

promoter but also by mRNA stability, translation and post-translational processing. Only 

promoters of tumour markers that have an enhanced activity due to increased transcriptional 

activity are suitable candidates. Furthermore, mammalian promoter regions tend to be large 

while the adenoviral genome only has a limited capacity for the introduction of additional 

sequences (max. 3 kb). This makes it necessary to identify the regions of the promoter 

responsible for the tumour specific expression.  

Finally, adenoviral infection affects the expression of many endogenous genes by 

directly or indirectly affecting their promoters. Therefore an important feature of a tumour 

specific promoter is that its tumour specificity is retained once incorporated into an 

adenoviral vector. Since low expression of E1 is already sufficient to drive adenoviral 

replication activity of potential tumour specific promoters in normal cells should be 

undetectable or very low (27). 

We set out to identify cholangiocarcinoma specific promoters, which have low 

activity in human liver cells and retain retain there tumour specificity in an adenoviral vector. 

 

Towards a platform for CRAd production (Chapter 4) 

Tumour specificity, tropism modifications and enhancement of the lytic activity are three 

separate areas that need to be addressed in order to create efficient conditionally replicating 

adenoviruses (CRAds) (figure 5, next page). There is ample literature available 

demonstrating that modifications in any of these three areas can enhance the efficacy of 

adenoviruses in experimental anti cancer therapy (28-37). Since there are no adenoviral 
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cloning systems in which these modification can be combined, generation of a virus modified 

in all three relevant areas is difficult and laborious. Therefore we decided to adapt one of the 

most widely used systems for the construction of non-replicating adenoviral vectors, the 

AdEasy system, to accommodate the easy production of tumour specifically enhanced 

replicating adenoviral vectors. (38,39). 

 

 
 
Figure 5: Conditionally replicating adenoviral vector 
Three areas of importance for the development of conditionally replicating adenoviral vectors (CRAds). CRAd 
entry into cells should be highly efficient and preferably tumour specific. The low expression level of the 
Coxsackievirus-Adenovirus receptor (CAR) observed on some primary tumour cells prevents efficient 
transduction. Therefore expansion of vector tropism towards receptors with a high expression on tumours, like 
cell surface integrins, is a promising approach (a). Since completely tumour specific receptors do not exist, 
tropism modified vectors will also transduce normal tissues. If these viruses are able to replicate in these tissues 
this may have serious adverse effects. To minimize this potential risk, these retargeted vectors should not be 
able to replication in normal cells (b). Finally in tumour cells both replication and subsequent spread should be 
very efficient. Introduction of lytic genes that enhance release of virus progeny can therefore enhance the 
therapeutic efficacy of a CRAd (c). 
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Abstract 

The therapeutic potential of lentiviral vectors for cholangiocarcinoma gene therapy was 

directly compared with that of adenoviral vectors. In vitro both systems showed similar 

performance when used for cytosine deaminase suicide gene therapy. To exploit the 

prolonged expression obtained with lentiviral vectors we subsequently investigated a 

urokinase receptor-targeted inhibitor (ATF-BPTi) of the urokinase plasminogen activator. 

Although lentiviral expression of ATF-BPTi inhibits invasion of human endothelial cells in 

vitro, in vivo ATF-BPTi producing tumour cells are lost from the highly vascularized HepG2 

tumour model. The apparent selection against ATF-BTPi expressing cells suggests that 

tumour cells are not the preferred target for sustained expression of an angiogenesis inhibitor. 
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1. Introduction 

 

Cholangiocarcinoma accounts for 15% of all primary liver tumours and its incidence is rising 

rapidly (1,2). Due to the advanced stage of the disease at the time of diagnosis, only 30% of 

the patients are eligible for resection, the only available curative treatment (3). Even after 

resection the five-year survival only reaches 20-40% (3). Clearly novel treatment modalities, 

including cancer gene therapy, need to be developed. Gene therapy for cholangiocarcinoma 

has not been extensively studied, but in an animal model adenovirus directed enzyme pro-

drug therapy (VDEPT or suicide gene therapy, figure 1 page 11 and figure 3 page 38) using 

cytosine deaminase has shown some potential for the treatment of cholangiocarcinoma (4-6). 

Cytosine deaminase converts the harmless antifungal compound 5-Fluorocytosin (5-FC) into 

5-fluorouracil (5-FU), one of the few chemotherapeutics shown to have some efficacy in 

cholangiocarcinoma patients (7-9). Using VDEPT high 5-FU concentrations, unobtainable by 

conventional therapy, can be obtained in the direct proximity of the tumour. Several 

beneficial characteristics including large cloning capacity, transduction of non-dividing and 

dividing cells, high expression levels and efficient high titre production have made 

adenovirus serotype 5 (Ad5) vectors, the preferred delivery system in VDEPT strategies and 

cancer gene therapy in general (10). However, the hepatocyte tropism of Ad5 is an obvious 

complication for its application in primary liver tumours including cholangiocarcinoma 

(11,12). Furthermore, in patient material the expression of the coxsackie adenoviral receptor 

(CAR), essential for efficient adenoviral transduction, is highly heterogeneous in tumours 

(13,14). The tumour suppressor functions of CAR, which can inhibit the migration of tumour 

cells, may cause the low expression of this receptor in many cancers (15,16).  In contrast to 

adenoviral vectors, lentiviral vectors (HIV based retroviral vectors) do not display hepatocyte 

tropism and do not depend on CAR expression for transduction. Additionally, lentiviral 

vectors integrate into the host cell genome resulting in sustained expression of the introduced 

genes (17,18). The latter is in stark contrast to adenoviral vectors that only provide transient 

expression of transgenes. The use of lentiviral vectors therefore allows gene therapy 

approaches aimed at containment of the tumour. Extra cellular matrix degradation is not only 

essential for invasion of tumour cells but also for angiogenesis (19). Hence, inhibition of 

extracellular matrix degradation is expected to arrest tumour growth and invasion. ATF-

BPTi, a fusion protein of the N-terminal receptor binding fragment of urokinase plasminogen 

activator (uPA) and the bovine pancreas trypsin inhibitor homes to tumour sites and 
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suppresses both tumour invasion and neoangiogenesis (figure 4 page 39) (20,21). Sustained 

expression of ATF-BPTi in the proximity of the tumour, using a lentiviral vector, is expected 

to have a potent long-term tumour inhibiting effect. The aim of this study was to explore the 

therapeutic potential of lentiviral vectors for cholangiocarcinoma. In addition to comparing 

lentiviral vectors to the widely used adenoviral vectors in a VDEPT strategy we also 

specifically focused on lentivirus mediated cytostatic therapy. 

 
2. Materials and methods 
 
Cells and Cell lines 
Human cholangiocarcinoma cell lines CC-LP-1, CC-SW-1, Mz-ChA-1 and Sk-ChA-1 were gifts from 
Dr. T. Whiteside (Pittsburgh, PA, USA),  Dr. J.G. Fitz, (University of Colorado, Denver, Colorado) 
and Dr. A. Knuth (Medizinische Klinik, Johan-Wolfgang Goethe Universitat, Frankfurt, Germany) 
respectively (22,23). Hepatocellular carcinoma cell line HepG2, adenovirus producer line HEK293 
and HeLa cells were obtained from the ATCC. All cells were maintained in Dulbecco's modified 
Eagle's medium (DMEM), 10% heat inactivated foetal bovine serum (FBS), 100 µg/ml penicillin-
streptomycin (P/S) and 2 mM L-Glutamine (L-Glu). Low passage human umbilical vein endothelial 
cells (HUVECs passage < 4) isolates were maintained in M199, 20% heat inactivated FBS, 50 µg/ml 
heparin, 2 mM L-Glutamine, 100 µg/ml P/S, 25 µg/ml endothelial cell growth supplement (ECGS, 
Sigma E-2759) and 25 mM HEPES. All cells were incubated at 37oC in a 10% CO2 atmosphere. 
 
Plasmid Construction 
Yeast cytosine deaminase (FCY1 genbank accession U55193) was amplified from S. cerevisiae 
genomic DNA (forward 5’ aggatccgccaccatggtgacaggggaatg 3’ reverse: 5' 
gcggaatccgactactcaccaatatcttc 3’, Kozak sequence is underlined), cloned into PCR2.1 (InVitrogen) & 
sequenced. PCR2.1 vectors containing mATFBPTi (targeted to the murine uPAR) and hATFBPTi 
(targeted to the human uPAR) have been described previously (24).  Transgenes were released with 
EcoRI and cloned 5-prime of the encephalomyocarditis virus (emcv)IRES-eGFP cassette of pBSK 
emcvIRES-GFP (gift from A.Q. Bakker, Department of Immunology, the Netherlands Cancer 
Institute, Amsterdam, the Netherlands ), subsequently transgene IRES eGFP cassettes were released 
with SalI-HpaI and ligated into the SalI-Ecl136II linearized  lentiviral transfer vector PPTPGK-MCS-
PRES  to yield pLENTI-CD, pLENTI-mATFBPTi and pLENTI-hATFBPTI. PPTPGK-MCS-PRES is 
identical to PPTPGKPRES  (here referred to as LENTI-eGFP) in which eGFP has been replaced by a 
multiple cloning site (25). The AdEasy system was used the generate adenoviral vectors as described 
previously (26). Briefly the XhoI-Ecl136II released PGK-CD-IRES-eGFP-PRE cassette from 
pLENTI-CD was inserted into XhoI-EcoRV linearized pShuttleCMV. Subsequently the 2534 bp 
XhoI-PmeI CMV promoter containing fragment was replaced with the 2291 bp XhoI-PmeI fragment 
from pShuttle (26). The resultant vector, pShuttlePGK-CD-PRES, was recombined with pADEASY-1 
in E.coli strain BJ5183 yielding pAD-CD (27). 
 
Virus production 
Lentiviral vectors were produced using the third generation self inactivating lentiviral vector system 
as described (28-30). Routinely two 15 Ø cm plates were used for virus production. Three and four 
days post transfection virus containing medium was harvested and passed through a 0.45 µm filter 
(Millipore), concentrated by ultra centrifugation (2h, 20000 rpm, 4oC Beckman Coulter: optima L-
90K ultracentrifuge), resuspended in PBS, aliquoted and stored at –80 oC. Adenoviral vectors were 
produced as described (26). Routinely two 15 Ø cm plates with HEK293 cells were used for virus 
production. Cell pellets were resuspended in PBS and subjected to three freeze thaw cycles to release 
virus particles. Lysates were purified by centrifugation (10 minutes, 2000 rpm, Hettich rotina 46R 
centrifuge) and filtration over a 0.45 µm filter (Millipore), aliquoted and stored at –80o C. Viral titres 
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were expressed as HeLa cell transducing units per ml (TU / ml) as determined by flowcytometry for 
eGFP (Becton Dickinson FACS Calibur, FL-1 channel) 72 hours post transduction. 
 
 

 
 
 
Figure 1: Viral vectors 
Adenoviral vectors are of serotype 5 origin and are E1- and E3 region deleted. HIV based lentiviral vectors are 
pseudotyped with the vesicular stomatitis virus glycoprotein. Excluding AD-eGFP all vectors contain the 
Hepatitis B virus posttranscriptional regulatory element and enhancers (PRE). The PRE elements enhance 
transgene expression in both a lentiviral and adenoviral context (25,31). PGK: human phosphoglycerate kinase 
promoter; CMV: cytomegalovirus promoter; IRES: encephalomyocarditis virus internal ribosomal entry site; 
yCD: S. cerevisiae cytosine deaminase; ATF-BPTi; fusion of the N-terminal fragment of uPA and the bovine 
pancreas trypsin inhibitor (to discriminate between murine and human uPAR targeted ATF-BPTi the fusion 
protein is designated mATF-BPTi or hATF-BPTi respectively); eGFP: enhanced green fluorescent protein; 
PRE: Hepatitis B virus post transcriptional regulatory element. 
 
Transduction efficiency and cytosine deaminase experiments 
Cell lines were seeded in 24 well plates with a density of 5x104 cells per well. The following day the 
cells were transduced with a multiplicity of infection (MOI) of 0.25 and 0.5.  Seventy-two hours post 
transduction the percentage of eGFP positive cells was determined by flow cytometry and the data 
was used to calculate functional titres for each cell line. Functional titres were normalized to 
functional titres obtained in HeLa cells. The Wilcoxon signed-rank test was used to compare 
transduction efficiencies. To investigate the efficacy of cytosine deaminase therapy cells were 
transduced with 20% efficiency. Seventy-two hours post transduction the percentage of positive cells 
was confirmed by flow cytometry, duplicate plates were rinsed with PBS and the appropriate amount 
of 5-fluorocytosine (Sigma) containing fully supplemented DMEM was added. Cell viability was 
determined after seven days of 5-FC treatment (three medium changes), using WST-1 (Roche) 
according to manufacturers protocol.  
 
ATF-BPTi production and HUVEC invasion assays 
CC-LP-1 transduced with LENTI-hATFBPTi or LENTI-eGFP were used as a source for hATF-BPTi 
containing medium and control medium respectively. Conditioned media were prepared by incubating 
cells in DMEM (100 µg /ml P/S, 2 mM L-Glu, 0.1 % bovine serum albumin) for 48 hours after which 
media were filter sterilized (0.45 µM, Millipore) and stored at 4oC. Presence of hATF-BPTi in 
conditioned media was confirmed by performing a plasmin inhibition assay using the chromogenic 
substrate S2251 (Chromogenix) as described (20). Conditioned media were used in subsequent 
experiments when inhibition of plasmin activity was > 60% of control (medium from GFP transduced 
cells). Invasion assays were performed using BD BioCoat Growth factor reduced matrigel invasion 
chambers according to manufacturers protocol (Becton Dickinson Biosciences Discovery Labware). 
Briefly 1x105 HUVECs were resuspended in a 1:1 mix of fresh M199 and conditioned medium (0.1% 
BSA, 50 µg/ml heparin, 2 mM L-Glu, 100 µg / ml P/S, 150 nM plasminogen) and applied to the upper 
compartment of the invasion chamber. The lower part of the chambers was filled with a 4:1 mix of 
M199 and conditioned medium (0.1% BSA, 50 µg/ml heparin, 2 mM L-Glu, 100 µg/ml P/S, 20 ng/ml 
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VEGF, 2 µg/ml fibronectin). After 24 hours invasive cells were fixed and stained (50 % methanol, 10 
% glacial acetic acid, 0.1% Coomassie Brilliant Blue G250 (BioRad)) and counted. 
 
Animal experiments 
Animal experiments were performed in accordance with the Animal Ethical Committee guidelines at 
the Academic Medical Center of Amsterdam. ATF-BPTi and GFP expressing cell lines were 
established by transduction with LENTI-eGFP or LENTI-mATFBPTi. Production of mATF-BPTi 
was confirmed as before. Four weeks old female athymic nu/nu mice were subcutaneously inoculated 
on the flank with 5x106 HepG2 cells or 2x106 CC-LP-1 cells in 50 µl HANKS, 5 mM HEPES. 
Aliquots of injected samples were saved for analyses by flow cytometry. Tumours were harvested at 
day 36 days, minced with a scalpel and cultured to confluence for 8 days (CC-LP-1) or 17 days 
(HepG2) after which the cells were analyzed by flow cytometry and subjected to the plasmin activity 
assay as described in the previous section. 
 
Statistics 
Statistical significance of differences was calculated using the Mann-Whitney U test (unless stated 
otherwise). Significance was reached if p < 0.05. 
 
 
 
3. Results 
 

Lentiviral vectors and adenoviral vectors have similar efficiency and efficacy in 

cholangiocarcinoma cell lines 

 

To compare lentiviral and adenoviral vector transduction, titres were determined on HeLa 

cells. This cervical carcinoma cell line is routinely used for lentiviral vector titration and is 

very permissive to both vector types (25,32). Transductions were performed with non-

saturating amounts of LENTI-CD or AD-CD (Fig. 1 and Fig. 2). Intrahepatic 

cholangiocarcinoma cell lines CC-LP-1 and CC-SW-1 were found to be more susceptible to 

transduction than extra hepatic cholangiocarcinoma cell lines Mz-ChA-1 and Sk-ChA-1 

independent of vector type. However differences in adenoviral transduction efficiency were 

more pronounced than differences in lentiviral transduction efficiency. 

Despite the similar transduction efficiency in cholangiocarcinoma cell lines, the 

inherent differences between the lentiviral and the adenoviral system may still influence their 

therapeutic efficacy. Lentiviral vectors integrate into the host cell genome while adenoviral 

vectors remain episomal. This may result in different kinetics of transgene expression. 

Therefore we directly compared the efficacy of both the lentiviral and the adenoviral vector 

systems using cytosine deaminase mediated suicide gene therapy. Cells were transduced with  
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Figure 2: Lentiviral vectors and adenoviral vectors have similar transduction efficiencies in 
cholangiocarcinoma cell lines. 
Cholangiocarcinoma cell lines and HeLa cells were transduced with two non-saturating multiplicities of 
infection (MOI 0.25 and 0.5) of AD-CD and LENTI-CD. Transduction efficiencies were normalized to HeLa 
cells for each individual experiments. Averages of six observations with SEM are shown. An * denotes a 
significant difference between adenoviral and lentiviral transduction (p < 0.05). 
 

twenty percent efficiency and were subsequently treated with a range of 5-FC pro-drug 

concentrations (0.075-1.2 mM) spanning the therapeutic window in patients (0.2-0.8mM) 

(33-35). We used the S. cerevisiae derived yeast cytosine deaminase (yCD) gene instead of 

the more commonly used E.coli derived gene because it has been shown to be more efficient 

in converting the 5-FC pro-drug (36). Results are shown in figure 3. Only in the fast growing 

intrahepatic cholangiocarcinoma cell line CC-SW-1 an appreciable difference in favour of 

lentiviral mediated cytosine deaminase therapy was observed. A possible explanation for this 

is that due to the rapid proliferation, adenoviral transgene expression is lost before sufficient 

amounts of 5-FU metabolites can be formed. With lentiviral vectors transgene expression is 

transferred to the progeny of the originally transduced cell allowing for sufficient build-up of 

5-FU. In conclusion, only the human Sk-ChA-1 cholangiocarcinoma cell line appeared 

sensitive to cytosine deaminase mediated suicide gene therapy. Others indeed showed that 

following injection of a cytosine deaminase expressing adenovirus into a subcutaneous Sk-

ChA-1 tumour, it becomes responsive to combined 5-FC exposure and radiotherapy (5). 
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Figure 3: Lentiviral and adenoviral mediated cytosine deaminase suicide gene therapy has a similar 
efficacy in cholangiocarcinoma cell lines. 
Cholangiocarcinoma cells were transduced with LENTI-CD (closed squares, solid line), LENTI-eGFP (closed 
squares, dashed line), AD-CD (closed triangles, solid line) or AD-eGFP (closed triangles, dashed line) and 
treated with 5-FC for seven days. MOIs were chosen to target approximately 20% of the cells. Survival was 
determined by a WST-1 assay and data was normalized to the untreated GFP transduced cells. Averages of at 
least two independent experiments with SEM, were appropriate, are shown: a) CC-LP-1 (N=2), b) CC-SW-1 
(N=3), c) Mz-ChA-1 (N=2) and d) Sk-ChA-1 (N=3). 
 

However, results of VDEPT in clinical trials have been disappointing even when animal 

models showed efficacy. The major problem being low transduction (<10%) of tumour cells 

in patients (37). Our in vitro data demonstrates the relative unresponsiveness of three of the 

four cholangiocarcinoma cell lines to cytosine deaminase VDEPT, independent of vector 

type. Considering that we applied a transduction efficiency (20%) that is significantly higher 

than that obtainable in clinical trials, this VDEPT approach does not seem to be very 

promising. 

 

Lentivirally produced ATF-BPTi can inhibit human endothelial cell invasion in vitro 

 

Because lentiviral vectors stably transduce cells they clearly have an advantage in therapeutic 

modalities that rely on sustained transgene expression (i.e. cytostatic therapy). In this regard 

tumour neoangiogenesis, a negative prognostic marker for many tumours including 

cholangiocarcinoma, is a promising target (38). Invasion of endothelial cells into the tumour 

lesion is essential for the formation of tumour-feeding blood vessels. Extra cellular matrix 

degradation is a first requirement for invasive growth. The urokinase plasminogen activator 

(uPA) and its receptor (uPAR) play an important role in this process (39,40). Sufficient 
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amounts of ATF-BPTi in the proximity of a tumour can prevent both neoangiogenesis and 

invasive growth of cancer cells by ATF mediated blocking of the uPA receptor and active 

inhibition of plasmin activity by BPTi. Figure 4 shows that human ATF-BPTi produced in 

cholangiocarcinoma cell line CC-LP-1 using a lentiviral vector (Fig. 1) inhibits invasion of 

human umbilical vein endothelial cells through matrigel (a model for blood vessel invasion 

through extra cellular matrix) by at least 50%. 

 

 
 
Figure 4: Lentivirally produced hATFBPTi inhibits HUVEC invasion in vitro. 
Two independent HUVEC isolates were allowed to invade the matrigel extra cellular matrix model for twenty 
four hours in the presence of conditioned medium derived from LENTI-eGFP (open bars) or LENTI-hATFBPTi 
(solid bars) transduced CC-LP-1 cells. Each experiment was performed in triplicate and averages with SEM are 
shown. * Denotes a significant inhibition of invasion (p < 0.05). 
 

Lentiviral vectors provide long-term ATF-BPTi expression in poorly vascularized tumours 

but not in highly vascularized tumours 

 

In vivo cytostatic therapy can only be effective if long-term expression of the therapeutic 

gene is obtained in or around the tumour. Therefore our next objective was to determine if 

lentiviral vectors mediate prolonged expression of mATF-BPTi in human tumour cells in 

vivo. We used human primary liver cancer cell lines CC-LP-1 and HepG2 as tumour models. 

Both CC-LP-1 and HepG2 are non-invasive when grown subcutaneously on nude mice 

(22,41). However the two models display distinctly different vascularization profiles. HepG2 

subcutaneous tumours are highly vascularized while CC-LP-1 cells are poorly vascularized. 
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This difference is very pronounced and macroscopically visible as HepG2 tumours have an 

intense red colour and blood filled areas, while CC-LP-1 tumours are pale, white coloured 

solid masses without blood filled areas (22,41). In these mouse tumour models the murine 

ATF-BPTi is expected to affect the ingrowth of murine endothelial cells into the tumour. CC-

LP-1 and HepG2 cells were transduced with the mATF-BPTi and GFP expressing vector 

LENTI-mATFBPTi (Fig. 1) and subcutaneously inoculated on athymic mice. After 36 days 

the tumours were harvested and the percentage of mATF-BPTi expressing cells was 

determined by flow cytometry for GFP. In the CC-LP-1 tumours the percentage of GFP 

positive cells was marginally reduced by 14 percent and accordingly the plasmin inhibiting 

activity of these cells was similar to the pre-inoculated cells (Table 1 and 2).  
 

 

Table 1: Persistence of lentivirally transduced cells in vivo 

  Percentage transduced cells 

Cell line Tranduced with Before inoculation Harvested tumour 

CC-LP-1 LENTI-mATFBPTi 99.4 + 0.1 85.7 + 6.5*

HepG2 LENTI-mATFBPTi 83.0 + 6.1 31.0 + 5.1*

HepG2 LENTI-eGFP 73.1 + 12.2 78.8 (#) 

 
CC-LP-1 and HepG2 cells pre-transduced with either LENTI-eGFP or LENTI-mATFBPTi were inoculated on 
the flanks of athymic nude mice and allowed to grow for 36 days. Isolated tumours were cultured, grown to 
confluence and analyzed by flow cytometry for eGFP. Transduction percentages before and after subcutaneous 
growth on athymic nude mice are shown (N>4 except # N=2). * Denotes a significant difference in the percent 
of positive transduced cells before and after growth on the athymic nude mice (p < 0.05). 
 
 
 
 

Table 2: mATF-BPTi plasmin inhibition of isolated tumour cells 

  Percentage of plasmin inhibition 

Cell line Transduced with Before inoculation Harvested tumour 

CC-LP-1 LENTI-mATFBPTi 87.8 + 6.9* 94.7 (#) 

HepG2 LENTI-mATFBPTi 61.3 + 8.8* 19.9 + 0.1 

 
CC-LP-1 and HepG2 cells transduced with LENTI-mATFBPTi and control cells were inoculated on the flanks 
of athymic nude mice and allowed to grow for 36 days. Isolated tumours were grown to confluence and 
conditioned media were analyzed for plasmin inhibiting activity. The percent reduction of plasmin activity as 
compared to control in media derived from pre- and post- inoculated cells are shown (N>3 except # N=2). * 
Denotes a significant difference in plasmin inhibiting activity between the mATF-BPTi transduced cells and 
control cells (p < 0.05). 
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As expected, because of the non-invasive growth and poor vascularization, no effect on CC-

LP-1 tumours was observed. Interestingly, the growth of the highly vascularized HepG2 cells 

was also un-affected by mATFBPTi. At no time during the experiment significant differences 

in the volume of the LENTI-mATF-BPTi transduced cells versus the control cells that were 

either MOCK transduced or LENTI-GFP transduced, was observed (data not shown). This 

lack of efficacy can be explained by the fact that post-inoculation the percentage of LENTI-

mATFBPTi transduced HepG2 cells was reduced by 63 percent while the percentage of 

LENTI-GFP transduced HepG2 cells remained unchanged (Table 1). This loss of mATF-

BPTi producing cells was sufficient to abolish the plasmin inhibiting activity of these cells 

(Table 2). Accordingly the LENTI-GFP and LENTI-mATFBPTI transduced HepG2 tumours 

were histologically identical (Fig. 5). Together these data demonstrate that lentiviral vectors 

can sustain long-term expression of mATF-BPTi in human cancer cells in vivo. However in 

an environment in which mATF-BPTi influences tumour growth via interaction with murine 

endothelial cells, as was expected in the HepG2 cells, mATF-BPTi expressing cells have a 

disadvantage, resulting in the loss of mATF-BPTi producing cells. 

 

 
 
Figure 5: HepG2 Morphology 
LENTI-eGFP and LENTI-mATFBPTi transduced HepG2 cells were grown subcutaneously on athymic nude 
mice for 36 days. H&E staining did not reveal any differences in tumour morphology between the LENTI-eGFP 
and the LENTI-mATFBPTi transduced tumours. Representative H&E stained fields of LENTI-eGFP (A) and 
LENTI-mATFBPTi (B) transduced tumours are shown (10x magnification). The arrows denote the skin of the 
mice. Also see page 135 (top) 
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4. Discussion 
 

Here we investigated the therapeutic potential of the HIV-based lentiviral vector system for 

cholangiocarcinoma gene therapy. Because lentiviral vectors stably transduce cells and are 

not hepatotrophic they potentially offer advantages over the more widely studied adenovirus 

serotype 5 vectors. We report that in human cholangiocarcinoma cell lines the lentiviral 

vector system is comparable to the adenoviral system both on the transductional level and in 

a cytosine deaminase mediated therapeutic strategy. However, using relatively poorly 

transduced cell populations, three out of four cholangiocarcinoma cell lines could not be 

completely eradicated with pharmacologically relevant 5-FC pro-drug concentrations. The 

latter is important because currently maximally obtainable in vivo transduction efficiency is 

about 10 % and thus significantly lower than the 20 % used in this study (37,42). The 

favourable comparison with the adenoviral vector does, however, demonstrate that lentiviral 

vectors are amongst the more efficient vehicles for transgene expression in 

cholangiocarcinoma cells. This makes them attractive tools for therapeutic strategies that rely 

on prolonged transgene expression, like anti-angiogenic therapy. The urokinase plasminogen 

(uPA) system plays an important role in neoangiogenesis. By binding of uPA to the uPA 

receptor on plasma membranes, plasmin activity is localized at the leading edge of invasive 

tissues including tumours and blood vessels (21,39,40). ATF-BPTi blocks plasmin-mediated 

extracellular matrix degradation by inhibiting the uPA-uPAR system. Indeed it has been 

demonstrated that upon adenoviral delivery of the mATF-BPTi gene to the liver, subsequent 

systemic production of mATF-BPTi results in the inhibition of subcutaneously implanted 

tumours (21). Furthermore accumulation of the mATF-BPTi protein could be observed 

within the tumours (21). Using the HUVEC invasion model we show that ATF-BPTi can 

inhibit human endothelial cell invasion. Next we demonstrated that lentiviral vectors can 

sustain prolonged transgene expression in two independent human liver cancer cells in vivo. 

These data correlate with results recently published by Bau and colleagues demonstrating 

sustained and stable lentiviral transgene expression in human breast and lung carcinoma cells 

in nude mice (43). However we also found that in vivo outgrowth of ATF-BPTi producing 

human tumour cells is clearly inhibited in the highly vascularized HepG2 tumours while this 

is not the case in the poorly vascularized CC-LP-1 tumours. ATF-BPTi related interference 

with HepG2 cell growth or silencing of the therapeutic gene are two possible explanations for 

this observation. The latter is unlikely as we used the human PGK promoter to drive 
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expression of all our lentiviral constructs. This promoter has been shown to sustain prolonged 

transgene expression in vivo (17). Indeed we observed no loss of transduced cells in the 

LENTI-GFP transduced HepG2 tumours nor in any of the CC-LP-1 tumours. A more likely 

explanation for the loss of mATF-BPTi producing HepG2 cells is that impairment of 

pericellular proteolysis confers a growth disadvantage to the mATF-BPTi producing cells. 

This agrees with the highly vascularized nature of the HepG2 tumours that indicates that 

these cells need to interact closely with host cells in order to survive in-vivo (as opposed to 

the poorly vascularized, non invasive CC-LP-1 cells). Interaction between host and tumour 

cells (including neo-vascularization) requires pericellular proteolysis and subsequently the 

activity of the uPA-uPAR system. Focusing on the persistence of the lentivirus mediated 

expression of ATF-BPTi, our experimental setup was not optimal for detecting the presence 

of a lag phase in tumour growth. However, taking this into account no pronounced growth 

retardation of the LENTI-mATFBPTi HepG2 tumours was observed. This may suggest that 

mATF-BPTi interferes with the very early events after inoculation (i.e. grafting of the cells). 

Titration of the amount of cells used for the inoculation of the tumours can further clarify 

this. However at the end of the experiment 30% of the cells still expressed the introduced 

therapeutic cassette, without clear effects on the HepG2 tumour. Considering the low in vivo 

transduction efficiencies, the cytostatic approach appears to have the same limitations as the 

cytosine deaminase approach. In any case, the apparent selection against the therapeutic 

compound producing cells suggests that the targets for lentiviral gene transfer of ATF-BPTi 

and potentially other cytostatic agents should not be sought within the tumour lesion. 
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Abstract 

The majority of cholangiocarcinoma patients present with advanced incurable disease. 

Therefore development of new therapeutic modalities including adenoviral gene therapy is of 

paramount importance. We set out to identify tumour specific promoters that have a low 

activity in human liver cells and retain their specificity in an adenoviral vector. mRNA levels 

of cyclo-oxygenase-2 , cytokeratin-19, mucin-1, midkine and telomerase reverse transcriptase 

(TERT) were determined in human liver, cholangiocarcinoma (resection specimens and cell 

lines), primary human hepatocytes, cholangiocytes and endothelial cells by Reverse 

Transcriptase-quantitative PCR. The activity of candidate promoters in adenoviral vectors 

was then determined in cholangiocarcinoma cell lines, primary human hepatocytes and 

cholangiocytes. mRNA levels of all tested tumour markers were significantly higher in 

cholangiocarcinoma than in normal liver. Based on low expression in hepatocytes, either in 

combination with low expression in primary cholangiocytes or endothelial cells, the 

cytokeratin-19, mucin-1 and TERT promoters were selected for further analyses. In an 

adenoviral vector, the activity of the TERT and cytokeratin-19 promoters were low in normal 

human hepatocytes and cholangiocytes, and high in cholangiocarcinoma cell lines. The 

TERT and Cytokeratin-19 promoters are highly expressed in cholangiocarcinoma and seem 

suitable to restrict adenoviral gene therapy to these intra-hepatic tumours. 
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1. Introduction 

 

Cholangiocarcinoma accounts for 15% of all primary liver tumours and its incidence is rising 

rapidly, possibly due to the increased incidence of chronic inflammatory liver diseases (1,2). 

The only available treatment is resection. Due to the advanced stage of the disease at the time 

of diagnosis, only 30% of the patients are eligible (3). Even after resection five-year survival 

only reaches 20-40%, and other treatments like chemotherapy and radiotherapy have limited 

efficacy (3). Clearly novel treatment modalities, including cancer gene therapy, need to be 

developed. Adenoviral vectors have several important advantages such as efficient 

production of high titre stocks and transduction of dividing and quiescent cells. Accordingly, 

adenoviral vectors based on serotype 5 (Ad5) are investigated as a gene delivery system and 

more recently as an oncolytic agent, utilizing the lytic adenoviral life cycle to kill tumour 

cells. To reduce potential risk of adverse effects, adenoviral vectors that only replicate in 

tumour cells will have to be developed. One method to generate these Conditional 

Replicating Adenoviral vectors (CRAds) is to restrict the expression of genes essential for 

viral replication to tumour lesions using tumour specific promoters (TSP). Since Ad5 is 

hepatotropic it is essential that these TSP are inactive in primary liver cells (4). This “liver-

off” phenotype of TSP is especially relevant when focusing on treating liver tumours like 

cholangiocarcinoma. Promoters of genes encoding established cholangiocarcinoma markers, 

that are not detectable in normal liver, are potential TSP. In this regard tumour specific up-

regulation of cyclooxygenase-2 (COX-2), midkine (MK), mucin-1 (MUC1) and human 

telomerase reverse transcriptase (TERT) has been reported in cholangiocrcinoma (5-12). 

Since expression of the bile-duct marker cytokeratin-19 (CK19) is retained in 

cholangiocarcinomas, the CK19 promoter seems interesting because it can be used to restrict 

transcriptional activity to cells originating from the biliary tract (11,13). In one previous 

study a panel of potential TSP has been tested for application in adenoviral gene therapy for 

cholangiocarcinoma (14). Although this study demonstrated that the MK and COX-2 

promoters show promise as TSPs for cholangiocarcinoma gene therapy, analyses of their 

activity in human primary hepatocytes and cholangiocytes were lacking. Therefore, we set 

out to identify cholangiocarcinoma specific promoters that are functional within an 

adenoviral context whilst remaining silent in human primary liver cells. 
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2. Materials & methods 

 

Cell isolation and culture 
Cell lines: Intrahepatic human cholangiocarcinoma cell lines CC-LP-1, CC-SW-1 were kind gifts 
from Dr. T. Whiteside (Pittsburg, PA, USA) (15). Extra hepatic human cholangiocarcinoma cell lines 
Mz-ChA-1 and Sk-ChA-1 were generously provided by Dr. J.G. Fitz, (University of Colorado, 
Colorado, USA) and Dr. A. Knuth, II. (Johan-Wolfgang Goethe Universitat, Frankfurt, Germany) 
respectively (16). Adenovirus producer cell line HEK293 was obtained from the ATCC. Cells were 
maintained in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% heat 
inactivated fetal bovine serum (FBS), 100 µg/ml penicillin-streptomycin (P/S) and 2 mM L- 
Glutamine and incubated at 37oC with 10% CO2.  Human hepatocytes were isolated from 
histological normal tissue present in liver resection samples (2-5 grams) from patients suffering from 
HCC (N=2) or coloncarcinoma metastasis (N=3).  Hepatocytes were isolated using the standard two-
step collagenase perfusion described previously (17,18). Isolated hepatocytes were incubated on 
Primaria plates (Becton Dickinson) in Williams E medium (10% heat-inactivated FBS, 2mM L-
glutamine, 1 µM Dexamethasone, 20 mU / ml insulin, 100 µg/ml P/S, 0.25 µg/ml Fungizon and 1mM 
ornithin). After four hours medium was replaced with RocketFuel activated complete CS-C serum 
free medium (Cell Systems, Kirkland, WA, USA) to avoid hepatocyte dedifferentiation. This medium 
was used in all subsequent experiments. Human cholangiocytes were isolated from normal donor 
liver surplus to surgical transplant requirements, or hepatectomy specimens from patients undergoing 
orthotopic liver transplantation for a variety of end stage liver diseases (excluding hepatic 
malignancy). Primary cholangiocytes were cultured as described previously and used up to passage 
nine thereby ensuring phenotypic stability (19). Human umbilical vein endothelial cells were 
generously provided by Dr. R.D.Fontijn (AMC Department of Biochemistry), maintained in M199 
supplemented with 20% heat inactivated FBS, 50 µg/ml heparin, 2 mM L-Glutamine, 100 µg/ml P/S, 
25 µg/ml endothelial cell growth supplement (ECGS, Sigma E-2759) and 25 mM HEPES and used up 
to passage three. Human tissue specimens were snap frozen in liquid nitrogen and stored at –80 until 
mRNA isolation. Histological normal liver tissue was obtained from patients undergoing a partial 
hepatectomy to resect HCC, adenocarcinoma or a metastasis of a colon carcinoma. Human 
cholangiocarcinoma was obtained from distal cholangiocarcinomas. All tissues were obtained from 
fully informed consenting patients, and all studies were performed according to local research ethics 
committee guidelines.  
 
Reverse-Transcriptase -quantitative PCR 
RNA isolation and real time PCR were performed as previously described (20). RNA was isolated 
using Trizol (GibcoBRL). First-strand cDNA was generated with Superscript III reverse transcriptase 
(Invitrogen) using gene-specific primers for each tumour marker tested and 18S rRNA. Quantitative 
PCR was performed with the LightCycler FastStart DNA Master SYBR® Green 1 reagent (Roche, 
Basel, Switzerland). Primers and thermal cycling profiles are listed in Table 1. To be able to 
determine the absolute mRNA copy number of each marker a standard curve, consisting of serial 
dilutions of a plasmid was included in each qPCR run. To correct for differences in RT efficiency, all 
data are expressed as the number of mRNA copies per 1x1010 copies 18S rRNA. Fluorescence data 
was acquired at the end of each extension phase at 72oC or at 82 oC (mucin-1). PCR specificity was 
validated by melting curve analysis. Amplification of samples without RT, to detect contamination 
with genomic DNA, were negative (data not shown). 
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Table 1: Primers and conditions used for RT-PCR 
 

 

Primers and conditions used for quantification of tumour marker mRNA levels. All RT-qPCRs were performed 
with 3 mM MgCl except the Mucin-1, which was performed with 4mM. The touchdown RT-qPCR for 
telomerase reverse transcriptase was performed with 0.5 0C increments per cycle. Fluorescence data was 
acquired immediately following elongation at 72 oC except Mucin-1 for which data was acquired post-
elongation at 82 oC. The time in seconds for each step is depicted between brackets. 

Adenoviral vectors 
All adenoviral vectors were E1/E3 deleted and were constructed with the AdEasy system as described 
(21,22). Firefly luciferase was derived from the Promega pGL3 vector series. Plasmid pHCK-732delV 
containing the human CK19 promoter (-732 to 1 with a deletion of a potential SP1 binding site at –
613 to –627; genbank accession AB045973) driving luciferase was a gift from Dr. M. Kagaya 
(Kanazawa University, Japan) (13). The CK19 promoter-luciferase fragment was released using NotI-
SalI and cloned into pShuttle resulting in pShuttle-CK19-Luc (21). The human MUC1 promoter (-762 
to –36 genbank accession L06162) was amplified from human genomic DNA (forward: 5’ 
AGATCTGGACCCTAGGGTTCATCGGAG 3’, reverse: 5’ 
GTCGACGATTCAGGCAGGCGCTGG 3’), cloned into PCR2.1 (Invitrogen), sequenced and used to 
replace the CK19 promoter in pShuttle-CK19-Luc. Shuttle plasmids were used to produce adenoviral 
vectors as described (21,22). An adenovirus plasmid with the TERT (-219 to +58) promoter driving 
luciferase was a gift from Dr. R L Beijersbergen (The Netherlands Cancer Institute). Adenoviral 
vectors expressing luciferase or the enhanced green fluorescent protein from the human 
cytomegalovirus (CMV) promoter were provided by Dr. I. Dmitriev and Dr. V. Krasnykh, 
respectively (both University of Alabama, Birmingham, USA). Adenoviruses were grown on 
HEK293 cells, purified by double CsCl density centrifugation, dialyzed against PBS-10% glycerol, 
aliquoted and stored at -80°C until use (23). Titres were determined on HEK293 cells and expressed 
as plaque forming units per ml (PFU/ml) (24). 
 
Promoter activity assay 
 5 x 104 cells/well were seeded in 24-well plates. Established cell lines and primary cholangiocytes 
were used after 24 hours. Primary hepatocytes were used after 48 hours. Cells were rinsed with 
phosphate buffered saline and transduced in a 300 µl inoculum (DMEM, 2% heat inactivated horse 
serum, 100 µg/ml penicillin-streptomycin, 2 mM L- Glutamine). After two hours the inoculum was 
replaced by 0.5 ml of the appropriate growth medium (see cell culture). Forty-eight hours post 
transduction, luciferase activity was determined according to manufacturers protocols using the 
Berthold luminometer (Berthold Detection System), Promega luciferase assay system (Promega) and 
Pierce protein assay (Pierce Biotechnology). To compensate for differences in transduction efficiency 
between cell types and to ensure non-saturating multiplicities of infection (MOI), transduction 
efficiencies of all cell types was determined with AdCMV-GFP. Subsequently, the promoter study 
was performed with MOIs that resulted in transduction efficiencies of 20%. To standardise the 
activity of each promoter and to correct for differences between experiments, transduction with 
AdCMV-luciferase was performed in separate wells. All experiments were carried out at least six 
times. 
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Statistics 
Statistical significance of differences was calculated using the Mann Witney-U test. Significance was 
reached if p < 0.05. 
 

3. Results 
 

Tumour marker mRNA expression in human cholangiocarcinoma and primary human 

liver cells 

 

To select promoters active in cholangiocarcinoma, mRNA expression levels of COX-2, 

CK19, MK, MUC1 and TERT were measured in cholangiocarcinoma resection specimens 

and human cholangiocarcinoma cell lines. To evaluate the specificity of these promoters, 

mRNA levels were compared to those in normal liver, primary hepatocytes, primary 

cholangiocytes and primary endothelial cells (HUVEC). All mRNA levels were determined 

by Reverse Transcriptase-quantitative PCR (RT-qPCR) and normalised to 18S rRNA to 

correct for differences in cDNA synthesis (figure 1). Human TERT had the best tumour 

specificity with a median expression in cholangiocarcinoma specimens 1040 and 1300 fold 

higher than in normal human liver and human primary hepatocytes respectively (p < 0.001). 

With the exception of one cholangiocyte-, one hepatocyte- and the HUVEC preparation, 

TERT expression bordered the lower limit of detection. CK19 and MUC1 also displayed a 

clear carcinoma specific expression pattern, with median expression in cholangiocarcinoma 

specimens respectively 2250 (p<0.001) and 19 (p<0.01) fold higher than that in normal liver.  

In contrast to TERT median expression levels of CK19 and MUC1 in HUVECs was at least 

100 fold lower than in cholangiocarcinoma. This was due to higher expression in the 

carcinoma cells (CK19) or lower expression in the endothelial cells (MUC1). Expression of 

MK and COX-2 was also significantly higher in cholangiocarcinoma, with median expression 

levels 147 and 31 fold higher than in normal liver (p<0.01). However the median expression 

level of COX-2 and MK in normal liver was found to be approximately 10 fold higher than 

that of CK19 or MUC1. Furthermore, MK expression in HUVECs and primary 

cholangiocytes was not significiantly different from that in cholangiocarcinoma. COX-2 

expression in the human cholangiocarcinoma cell lines was lower than in primary 

cholangiocytes.  
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Figure 1: Tumour marker mRNA expression in cholangiocarcinoma and normal liver cells. 
Reverse Transcriptase-quantitative PCR determination of tumour marker mRNA levels in four human 
cholangiocarcinoma cell lines (1), six cholangiocarcinoma resection specimens (2), six primary cholangiocyte 
cultures (3), five primary hepatocyte cultures (4), five total  livers (5) and primary umblicial vein endothelial 
cells (6). The number of mRNA copies of the tumour marker per 1x1010 copies of 18S rRNA is shown for 
cyclooxygenase-2 (top left), cytokeratin 19 (top right), midkine (middle left), mucin 1 (middle right) and 
telomerase reverse transcriptase (bottom left). The lines represent the median mRNA copy numbers present in 
the different samples, indicated by the triangles. 
 

Overall, these data show that none of the tested tumour markers appears to be absolutely 

cholangiocarcinoma specific. This suggested that a higher level of tumour specificity may be 

obtained by using combinations of different TSP. Because a liver-off phenotype was thought 

to be crucial to restrict expression of therapeutic genes to hepatic tumours we selected CK19, 

MUC1 and TERT for further analyses.  
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Activity profiles of Tumour Specific Promoters in an adenoviral context 

 
To assess if the selected promoters retain their tumour specificity in an adenovirus we 

constructed adenoviral reporter vectors driving luciferase from TERT (-219 to +58 bp), 

MUC1 (-726 to –36 bp) or CK19 (-732 to 1 bp) promoter fragments (figure 2).  

 

 
 
Figure 2: Adenoviral luciferase reporter vectors. 
Adenoviral vectors are of serotype 5 origin with an E1- and E3 region deletion (dl). Firefly luciferase or 
enhanced green fluorescent protein (eGFP) driven by the promoter of interest was inserted in the E1 region. All 
promoters except the cytomegalovirus promoter (CMV) are of human origin. CK19: Cytokeratin 19; Muc1: 
Mucin 1; TERT: Telomerase reverse transcriptase. L-ITR and R-ITR: left and right adenoviral inverted terminal 
repeat. 
 

Activity and selectivity of these adenoviral promoter constructs were analyzed in 

cholangiocarcinoma cell lines, primary hepatocytes and primary cholangiocytes. To compare 

the activities of the various constructs between different cells, all data were expressed as 

percentage of the constitutive active CMV promoter (figure 3). The absolute activity of all 

three promoters was at least one log lower than that of the CMV promoter, with AdTERT-

Luc displaying the highest luciferase activity in the cholangiocarcinoma cells followed by 

AdCK19-Luc and AdMUC1-Luc. Although RT-qPCR data suggests that TERT was a weak 

promoter, these data indicate that it was the strongest of the three candidates. The activity of 

all three adenoviral constructs was higher in cholangiocarcinoma cell lines than in 

hepatocytes (p < 0.04). This was most pronounced for AdTERT-Luc with a median luciferase 

activity 46.5 fold higher than in hepatocytes. For AdCK19-Luc and AdMUC1-Luc the 

median activity in tumour cells was 21.3 and 8.5 fold higher respectively than in hepatocytes. 
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Figure 3: Activity profiles of potential Tumour specific promoters in an adenoviral context. 
Activity of adenoviral reporter vectors AdCK19-Luc (a), AdMUC1-Luc (b) and AdTERT-Luc (c) are shown in 
cholangiocarcinoma cell lines (average of N=6), primary human cholangiocytes (average of 4 independent 
isolates, each tested in triplicate) and primary human hepatocytes (average of 4 independent isolates, each tested 
in triplicate). The luciferase activity of the specific constructs is shown as percentage of AdCMV-Luc activity 
for each individual cell type. RLU: relative luciferase light units.  
 

The activity of AdTERT-Luc and AdCK19-Luc in cholangiocarcinoma cell lines was also 

higher than in primary cholangiocytes (p < 0.002). For AdTERT the median Luc expression 

level was 39.6 fold higher in the tumour cells. For AdCK-19 expression was 17.0 fold higher. 

The low activity of AdCK19-Luc in primary cholangiocytes did not correlate with high CK19 

mRNA expression and was unexpected because CK19 is an established bile duct marker. 

Activity of the AdMUC1-Luc did correlate with mRNA levels determined in transformed and 

primary cholangiocytes (Figure 1). However, in three out four cholangiocarcinoma cell lines 

the AdMUC-1-Luc activity was significantly lower than in primary cholangiocytes (p < 
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0.04).  The luciferase assays demonstrated that the CK19 and the TERT promoter fragments 

were highly active in a panel of human cholangiocarcinoma cell lines, while both were 

virtually inactive in primary human hepatocytes and cholangiocytes.  

 

4. Discussion 

 

Cholangiocarcinoma has a very poor prognosis, and most patients die within twelve months 

following diagnosis. At best surgical resection offers only short term palliative benefits, and 

is often not possible due to the advanced stage of the disease at presentation. Therefore new 

therapeutic approaches including gene therapy require investigation and evaluation. 

Adenovirus serotype 5 (Ad5) has become the most widely used system in cancer gene and 

viro-therapy. One drawback of Ad5 in cancer therapy is its hepatotropism, which is an 

obvious obstacle for its successful application in liver tumours including cholangiocarcinoma 

(4,25). TSPs have been shown to effectively restrict transcriptional activity to tumour cells 

and thus may be able to prevent replication in normal cells (26). Therefore our aim was to 

identify TSPs for the development of adenoviral oncolytic therapy for cholangiocarcinoma. 

Since over-expression of COX-2, CK19, MK, MUC1 and TERT has been reported in many 

human cancers, the promoter region of these genes are obvious TSP candidates (27-31). 

However, for cholangiocarcinoma the data on these tumour markers is predominantly 

restricted to protein expression. Therefore we first determined the mRNA expression pattern 

of these five markers in cholangiocarcinoma specimens, cell lines, normal human liver, and 

primary hepatocytes and cholangiocytes. TERT displayed the most pronounced “liver off” 

phenotype. Excluding HUVECs, TERT expression was low in all normal tissues tested. Since 

TERT expression is high in embryos, high expression in HUVEC may be due to their 

neonatal origin. In the present study it was not possible to determine hTERT expression adult 

human hepatic sinusoidal cells, therefore we can not exclude that a CRAd controlled by the 

TERT promoter may replicate in these endothelial cells. CK19, MUC1 and MK were highly 

expressed in both cholangiocarcinoma and cholangiocytes. This expression pattern was 

expected for CK19 which is a known marker of bile ducts. MUC1 gene expression has 

previously been reported in cholangiocytes, but protein expression has not been reported (32). 

MK expression in cholangiocytes has only been reported in the developing bile ducts of the 

fetal liver (33,34). The growth stimulating conditions required to culture cholangiocytes may 

induce MK expression in these primary cells. In addition we found high MK mRNA levels in 
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HUVEC which has not been reported previously. However, MK is known to stimulate 

angiogeneses and is released from endothelial cells (35,36). Of all genes tested, COX-2 

appeared to be the least tumour specific at the level of mRNA expression, which suggests that 

post-transcriptional mechanisms play an important role in the high COX-2 protein levels in 

these cancers. Based on mRNA levels in normal liver compared to cholangiocarcinoma, we 

selected CK19, MUC1 and TERT as the most promising potential TSPs for 

cholangiocarcinoma. Since the genetic context of adenoviral vectors may interfere with 

promoter activity, we decided to evaluate the cholangiocarcincoma specificity of a  CK19,  

MUC1 and a  TERT promoter fragment in an Ad5 vector. Focusing on the required “liver-

off” phenotype, the activity of these constructs in cholangiocarcinoma was compared to that 

in human primary hepatocytes and cholangiocytes. All three promoters displayed good 

tumour specificity when comparing activity in cholangiocarcinoma cell lines to that in 

hepatocytes. However, in concordance with RT-qPCR, the MUC1 promoter displayed high 

activity in primary cholangiocytes, limiting its use as a cholangiocarcincoma specific 

promoter. Interestingly, the activity of the CK19 promoter was low, not just in primary 

hepatocytes, but also in primary cholangiocytes. In fact the activity pattern of this promoter 

was similar to that of the TERT promoter. The lack of activity of AdCK-19Luc in primary 

cholangiocytes is most likely due to the absence of promoter elements essential for high 

expression in these normal cells. Whilst this CK19 promoter fragment had not been 

previously analysed in human primary cholangiocytes, it was selected on the basis of its high 

expression in a cholangiocarcinoma cell line and low expression in a non bile duct tumour 

cell line (13). 

Finally, the activity of all selected TSP was at least one log lower than that of the 

CMV promoter. However, since promoter regions comparable to those in AdMUC1-Luc and 

AdTERT-Luc have already been successfully used in experimental gene therapy, this low 

activity seems adequate for the development adenoviral gene therapy for cholangiocarcinoma 

(37,38). These cholangiocarcinoma specific promoters may be particularly suitable for the 

development of CRAds, as low E1 levels have been shown to be sufficient for efficient 

adenoviral replication (39). Therefore the modest activity of both the CK19 and the TERT 

promoter is likely to be sufficient to drive adenoviral replication in cholangiocarcinoma cells 

while their very low activity normal hepatocytes and cholangiocytes suggests that CRAd 

replication will be impaired in normal liver. 
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In summary RT-qPCR analysis of COX–2, CK19, MUC1, MK and TERT mRNA 

expression in cholangiocarcinoma cell lines, cholangiocarcinoma resection specimens, total 

liver, primary hepatocytes, cholangiocytes and endothelial cells, identified TERT, CK19 and 

MUC1 as promoters highly active in cholangiocarcinoma. Subsequent adenoviral luciferase 

reporter assays indicate that a CK19 and a TERT promoter fragment are highly active in 

cholangiocarcinoma cells, but not in primary human hepatocytes and cholangiocytes. These 

data suggests that these two promoter fragments can be used to restrict transcription of 

transgenes to cholangiocarcinoma, making them promising regulatory elements for gene 

therapy.  
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Abstract 

The Cyclooxygenase-2 (COX-2) enzyme is frequently upregulated in gastrointestinal cancers 

while being undetectable in normal liver cells. This suggests that COX-2 transcriptional 

targeting is a promising method to restrict adenoviral replication to tumour cells. However, if 

inflammatory cascades induced by adenoviral infection can also induce COX-2 expression in 

hepatocytes this could compromise the tumour selectivity of COX-2 controlled adenoviruses. 

The aim of this study was to assess tumour selectivity of the COX-2 promoter in an 

adenoviral context. The effect of phorbol 12-myristate 13-acetate (PMA) and adenoviral 

vectors on activation of the COX-2 promoter and expression of COX-2 protein was 

investigated both in gastrointestinal carcinoma cell lines and in primary human hepatocytes. 

In vivo, COX-2 expression in human liver was immunohistochemically analysed in surgical 

resection specimens. Adenoviral transduction induced COX-2 protein expression and 

promoter activity in cell lines and, more importantly, also in primary human hepatocytes. 

Furthermore, COX-2 protein expression was detected in hepatocytes surrounding colon 

cancer liver metastases, confirming the inducibility of COX-2 expression in normal liver cells 

in vivo. Together our results show that inflammation mediated activation of the COX-2 

promoter, in an adenoviral context, can compromise the tumour specificity of this promoter. 

This indicates that modification of the inflammation responsive elements in the COX-2 

promoter may be necessary if it is to be used as a tumour specific control element in 

replicating adenoviral vectors. 
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1. Introduction 

 

All clinical cancer gene therapy trials using non-replicating adenoviral vectors (serotype 5) 

show that this approach is safe but lacks clinical efficacy (1,2). A major problem is the 

limited transduction of tumour cells. Upon injection into a tumour, most studies show that 

only cells in the proximity of the needle track are transduced (3). Replicating adenoviral 

vectors could solve this problem because after transducing an initial small cell population, 

replication will result in a burst of adenovirus followed by spreading of the viral progeny to 

surrounding tumour cells. Considering the broad tropism and more specifically the 

hepatotropism of adenoviral serotype 5 vectors, replication of these adenoviral vectors should 

be restricted to tumour tissue (4). 

Conditionally replicating adenoviral vectors (CRAds) are a relatively new class of 

therapeutic vectors that use the normal adenoviral replication cycle to selectively lyse tumour 

cells, while sparing normal cells (5). Tumour specific viral replication can be achieved in two 

ways. One approach is to mutate viral genes essential for viral control of the cell cycle. An 

example is the ONYX-015 virus, in which tumour specificity is obtained by a deletion in the 

viral E1B region, restricting viral replication to cells with a defective p53 pathway (6). 

However, such mutations seem to result in impaired replication which could reduce the 

efficacy in patients (7). A second approach to produce CRAds is to replace replication 

controlling viral promoters by tumour specific promoters (i.e. transcriptionally targeted 

CRAds) (8). These promoters can be derived from genes that have been found to be 

upregulated specifically in tumour tissue. Well known examples are the promoter regions of 

the carcinogenic embryonic antigen (CEA) and that of the alpha-feto-protein (AFP) (9,10). In 

addition to a selective ‘tumour on’ phenotype the candidate promoters should also exhibit a 

‘liver off’ phenotype for mitigation of hepatotoxicity.  

Recently, promoter fragments of the cyclooxygenase-2 (COX-2) gene have emerged 

as promising tumour specific elements (11,12). COX-2 is the rate-limiting enzyme in the 

conversion of arachidonic acid to prostaglandins. Under physiological conditions this 

inducible isoform of the cyclooxygenase family is undetectable in normal tissues, including 

liver, whereas it is frequently upregulated under pathological conditions, especially in 

gastrointestinal malignancies (13). Seventy-five to 100% of oesophageal, gastric, colorectal, 

liver and pancreatic cancers have been reported to show increased expression of COX-2 at 

the mRNA and the protein level (14-16). However, COX-2 is not only expressed in cancer 
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but also in inflamed normal tissue. Since adenoviral vectors have been shown to initiate 

inflammation by activation of immune cascades, it might be expected that the administration 

of adenoviral vectors could also induce COX-2 expression (17,18). Although this induction 

may involve post-transcriptional mechanisms, detectable expression of COX-2 would 

indicate that the promoter is active. If adenoviral induction indeed results in increased COX-2 

promoter activity, this could compromise the selectivity of CRAds driven by a COX-2 

promoter. Inflammation, either directly induced by the adenoviral particles or by cell debris 

resulting from adenovirus induced cell lysis, could start a positive feedback loop resulting in 

transcriptional upregulation of COX-2. If COX-2 expression is induced in normal 

hepatocytes by adenoviral treatment, this could result in viral replication in this organ leading 

to liver toxicity.  

In this study we investigated the therapeutic potential of the COX-2 promoter, in an 

adenoviral context, for the treatment of gastrointestinal tumours. We addressed the possibility 

of self activation by investigating basal and adenovirally induced COX-2 expression in a 

panel of gastrointestinal cancer cell lines and freshly isolated primary human hepatocytes. In 

addition, we determined in vivo COX-2 expression patterns in liver samples of 10 patients 

who underwent partial hepatectomy for primary or metastastic liver cancer; five of these 

patients also underwent preoperative adenoviral cancer gene therapy. 

 

2. Materials & methods 

 

Established human carcinoma cell lines 
The oesophageal squamous cell carcinoma cell line TE-2 was kindly provided by Dr. M. Yamamoto 
(University of Alabama, Birmingham, AL, USA). Human bile duct carcinoma cell lines CC-LP-1 and 
Mz-ChA-1 were obtained from Dr T. Whiteside (University of Pittsburg Cancer Institute, Pittsburg, 
PA, USA) and Dr. J.G. Fitz (University of Colorado, Denver, CO, USA) respectively. HT29 and 
CaCo-2 (colon carcinoma), and OE33 (oesophageal adenocarcinoma) cells were purchased from the 
European Collection of Cell Cultures (Salisbury, UK). Adenoviral producer cells HEK 293 (human 
embryonic kidney) were obtained from the American Type Culture Collection (ATCC). All cell lines 
were maintained in Dulbecco’s modified Eagle’s medium supplemented with 10% heat-inactivated 
fetal calf serum, 300 µg/ml L-glutamine, 100 U/ml penicillin, and 100 µg/ml streptomycin, at 37°C in 
a humidified, 10% CO2 atmosphere. 
 
Primary hepatocyte cultures  
Human hepatocytes were isolated from small liver resection samples (2-5 grams) of patients 
undergoing partial hepatectomy. Cells were isolated by a standard two-step collagenase perfusion as 
essentially described by Seglen et al. and Ballet et al. (36,37). After isolation, cells were seeded in 
primaria plates (Falcon, Becton Dickinson Labware, Milleville, NJ, USA) in complete Williams E 
medium (supplemented with 10% heat-inactivated fetal calf serum, 2mM L-glutamine, 1 µM 
Dexamethason, 20 mU/ml insulin, 100 U/ml penicillin, 100 µg/ml streptomycin, 0.25 µg/ml Fungizon 
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and 1mM ornithin). Hepatocytes were allowed to attach for four hours after which the culture medium 
was replaced with RocketFuel activated complete CS-C serum free medium (Cell Systems, Kirkland, 
WA, USA) in order to avoid dedifferentiation and preserve hepatocyte function. Hepatocytes were 
cultured in a 10% CO2 atmosphere and were allowed to recover for 48 hours before they were used in 
subsequent experiments. This study was performed in accordance with the guidelines of the local 
ethics committee. The study protocol conforms to the ethical guidelines of the 1975 Declaration of 
Helsinki as reflected in a priori approval by the institution’s human research committee. 
 
Adenoviral constructs 
Recombinant E1-deleted adenoviral vectors expressing the firefly luciferase gene from the human 
cytomegalovirus (CMV) promoter or one of two control regions of the human COX-2 promoter, 
COX-2M (–883 to +59 bp) and COX-2L (–1432 to +59 bp), were kind gifts from Dr. I. Dmitriev 
(University of Alabama, Birmingham, AL, USA) (11). An E1-deleted adenovirus expressing green 
fluorescent protein under control of a CMV promoter (AdCMVGFP) was kindly provided by Dr. V. 
Krasnykh (University of Alabama, Birmingham, AL, USA). Recombinant viral vectors were 
constructed using the AdEasy system (38). In short, promoter regions driving the firefly luciferase 
gene (pGL3 basic vector, Promega, Madison, WI, USA) were cloned into the AdEasy pShuttle vector. 
The resultant plasmid was recombined with the pAdEasy-1 adenoviral backbone in Escherichia coli 
BJ5183 (39). Recombinant plasmids were transfected into HEK293 cells to generate AdCMVluc, 
AdCOX-2Mluc, AdCOX-2Lluc and AdCMVGFP. Adenoviral preparations were purified by double 
cesium chloride (CsCl) density centrifugation, dialysed against PBS containing 10% glycerol, 
aliquoted and stored at -80°C until use (40). All titres were determined on HEK293 cells and 
expressed as plaque forming units (PFU)/ml as described previously (41).
 
Adenoviral gene transfer and luciferase assays 
Adenoviral transduction experiments were routinely performed as follows: carcinoma cell lines were 
seeded in 24 well plates with a density of 2x105 cells per well and primary hepatocytes were seeded in 
primaria 6 well plates with 5x105 cells per well. Cell lines were used 24 hours after seeding, and 
hepatocytes after 48 hours. After rinsing the cells once with PBS, cells were transduced in Dulbecco’s 
Modified Eagle’s Medium (DMEM) without serum for 1 hour. To analyse the adenoviral COX-2 
induction, cell cultures were incubated for 24 hours with virus either in the presence or absence of 10 
ng/ml of the strong COX-2 inducer phorbol 12-myristate 13-acetate (PMA; Sigma Chemical Co., St 
Louis, MO, USA) (20). Twenty-four hours post transduction cells were harvested for Western blotting 
(see below) or for luciferase activity assays. Luciferase activity was measured according to 
manufacturers protocols using the Berthold luminometer (Berthold Detection System, Pforzheim, 
Germany), the Promega luciferase assay system (Promega, Madison, WI, USA) and the Pierce protein 
assay (Pierce Biotechnology, Rockford, IL, USA). 
 
Western blot analyses of COX-2 expression  
 Cells were lysed in ice-cold radioimmunoprecipitation assay (RIPA) buffer (150 mM NaCl, 1% 
Tergitol type NP-40, 1% sodium deoxycholate, 0.1% sodium dodecyl sulfate, 1mM EDTA, 50 mM 
Tris/HCl  pH 8.0 plus freshly added complete mini protease inhibitor cocktail tablets (Roche 
Diagnostics GmbH, Mannheim, Germany) and sonicated. Proteins were resuspended in sample 
loading buffer (125 mM Tris/HCl pH 6.8, 2% SDS, 20% glycerol, 5% β-mercaptoethanol, and 
0.015% bromophenol blue) and protein concentration was measured using the Pierce protein assay 
(Pierce Biotechnology, Rockford, IL, USA). Equivalent samples were separated by 10% SDS-PAGE 
and transferred to a PVDF membrane (Milipore, Bedford, MA, USA) which was subsequently 
incubated overnight at 4°C with a monoclonal COX-2 antibody (160112, Cayman Chemical Co., Ann 
Arbor, MI, USA) in a dilution of 1:1000, and for 1 hour with 1:2000 diluted Horse Radish Peroxidase 
(HRP) conjugated secondary antibody (DAKO, Duiven, The Netherlands). The bands were visualised, 
using Lumilight plus substrate (Roche Molecular Biochemicals, Almere, The Netherlands) and 
chemiluminescence detection (Lumi Imager, Roche, Almere, The Netherlands). Each sample was 
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corrected for loading by normalisation with the appropriate ß-actin signal. Antibody bands were 
quantified using Genetools software (Syngene systems, Frederick, MD, USA).  
  
COX-2 immunohistochemistry  
To analyse adenoviral COX-2 induction in normal hepatocytes in vivo, liver samples of 10 patients 
who underwent partial hepatectomy for primary or metastastic liver cancer were 
immunohistochemically stained for COX-2. Five of these patients were treated preoperatively with 
gene directed enzyme prodrug therapy. The gene therapy treated patients were from the CTL 102/CB 
1954 CTC99020 study, in which 1 x 1010 or 1x 1011 particles of a replication deficient adenovirus 
(CTL 102) encoding the nitroreductase suicide gene were administered intratumorally (26). The 
patients did not receive prodrug administration, since this study was designed to analyse the 
transduction efficiency of replication deficient adenoviral vectors and the results were analysed by 
demonstrating the intratumoural viral expression instead of tumour necrosis. Therefore, this patient 
material can be used to analyse COX-2 induction by adenoviral vectors in vivo since the results are 
not likely to be influenced by cytokine release. Five days after treatment, the tumour was removed 
surgically to assess the nitroreductase gene expression and sections from this material were obtained 
for this study. The study was done in accordance with the guidelines of the local ethics committee. 
The COX-2 immunohistochemical staining procedure was performed as described previously (42). 
Briefly, formalin-fixed and paraffin-embedded specimens were sectioned (5 µm), and deparaffinized 
for antigen retrieval. Immunostaining was performed with the COX-2 specific mouse anti-human 
monoclonal antibody (160112, Cayman Chemical Co., Ann Arbor, MI, USA) in a dilution of 1:200. 
An experienced GI-pathologist (GJAO) scored the COX-2 immunoreactivity both in tumour cells and 
in normal hepatocytes of the liver resection specimens. 
 

3. Results 
 

Endogenous COX-2 expression predicts COX-2 promoter activity in an adenoviral vector 

 

To assess the transcriptional efficiency of the COX-2 promoter, the expression of endogenous 

COX-2 protein and the transcriptional activity of two COX-2 promoter fragments (a long 

1491 bp fragment designated L and a shorter 942 bp fragment of the same region designated 

M) were analysed in a panel of gastro-intestinal carcinoma cell lines (11). The cells were 

transduced with AdCOX-2Mluc and AdCOX-2Lluc, and the COX-2 driven luciferase 

expression was compared to that of AdCMVluc. The COX-2 promoter driven luciferase 

expression was correlated to the amount of COX-2 protein present in each cell line as shown 

in Figure 1. Low COX-2 expressing cell lines like the oesophageal cell line TE-2 and bile 

duct carcinoma cell line Mz-ChA-1 showed a low COX-2 driven luciferase activity, while 

high COX-2 expressing cell lines like cholangiocarcinoma cell line CC-LP-1 and 

oesophageal cell line OE33 showed COX-2 driven luciferase expression levels approaching 

that of the CMV promoter. Virtually no difference in luciferase activity was observed 

between the two COX-2 promoter constructs. From these results we conclude that, in the  
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Figure 1: Carcinoma cells from a panel of gastrointestinal cell lines were infected with AdCMVluc, AdCOX-
2Mluc or AdCOX-2Lluc (MOI 10). The adenoviral COX-2 promoter driven luciferase expression was 
correlated to the amount of COX-2 protein levels in all cell lines as demonstrated by immunoblots. Equal 
loading was confirmed by showing equal β-actin levels. 
 

tested panel of gastrointestinal cell lines, the endogenous COX-2 protein expression predicts 

the activity of the COX-2 promoter in an adenoviral context. 

 

Induction of COX-2 expression increases COX-2 promoter activity 

 

To investigate if the promoter region present in the adenoviral vectors is still inducible, PMA 

was used which is an established pharmacological activator of the COX-2 pathway. 

Carcinoma cell lines were cultured either in the absence or presence of PMA, and effects on 

COX-2 protein expression and COX-2 promoter driven luciferase expression were analysed. 

These experiments show that when COX-2 expression is upregulated, the transcriptional 

activity of the COX-2L and COX-2M promoters increases accordingly (Figure 2). No 

significant increase in viral expression was observed with vectors containing the CMV 

promoter (data not shown). Particularly strong activation, up to a 23 fold increase in 

lucifersae activity, was seen in the oesophageal carcinoma cell line TE-2 and 

cholangiocarcinoma cell line Mz-ChA-1 cells, which both have low basal levels of COX-2 
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expression. These results indicate that inflammation responsive elements are still functional 

in the COX-2 M and L promoter constructs. 

 

 
 

igure 2: Upregulation of COX-2 expression byF
P

 treatment of human gastrointestinal carcinoma cell lines with 
MA leads to increased transcriptional activity of the COX-2L and COX2M promoters as shown by the 

s 

 strong induction of COX-2 was seen 24 

ours after viral transduction (Figure 3). This indicates that in some human cancer cells the 

OX-2 gene can be induced by adenoviral vectors.  

 

 

increased luciferase levels (MOI 10). No significant increase in viral expression was observed with vector
containing the CMV promoter (data not shown).  
 

Replication deficient adenoviral vectors induce COX-2 expression in carcinoma cell lines 

 

Adenoviral vectors can induce inflammatory responses and since COX-2 expression is 

affected by inflammation, it was hypothesised that the administration of adenoviral vectors 

could induce COX-2 expression in cells (17). Although this may enhance the efficiency of 

COX-2 driven adenoviral vectors, it could impair their tumour selectivity. To determine if 

adenovirus indeed can induce COX-2 expression, we transduced TE-2 and CaCo-2 cells with 

AdCMVluc (moi 50). COX-2 expression was analysed by Western blot at 12 and 24 hours 

post-transduction. The results were comparable to those seen after PMA induction. In the TE-

2 cell line, which was also very responsive to PMA,

h

C
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Figure 3: Induction of COX-2 expression in gastro-intestinal carcinoma cell lines by adenoviral treatment. After 
24 hours, the COX-2 protein is readily induced in the human oesophageal carcinoma cell line TE-2 (top panel), 
whereas in the human colon carcinoma cells line CaCo-2 the COX-2 induction is limited (bottom panel). Both 
cell lines were transduced with a non-replicating adenoviral vector (AdCMVluc, moi 50). 
 

Replication deficient adenoviral vectors activate COX-2 promoter activity in primary 

human hepatocytes 

 

Since, one of the main goals of transcriptional targeting is to mitigate liver toxicity, COX-2 

protein induction was also analysed in six primary human hepatocyte isolates.  Freshly 

isolated hepatocytes were cultured and treated with PMA or with adenoviral vectors 

(AdCMVluc, moi 50 and AdCMVGFP, moi 10) for 24 hours. Cell viability was confirmed by 

identifying green fluorescent cells with fluorescent microscopy before cells were harvested 

for Western blot analysis. Clear induction of COX-2 protein expression by PMA was 

observed in four out of six hepatocyte isolates, and adenoviral COX-2 protein induction was 

observed in two out of four hepatocyte isolates (Figure 4A). These results suggest the 

possibility of transcriptional activation of the endogenous COX-2 promoter both by PMA and 

adenoviral vectors in human primary hepatocytes.  

Subsequently, it was analysed if the COX-2 promoter in AdCOX-2Lluc could also be 

activated by administration of either PMA or adenoviral vectors (without a transgene). It was 

demonstrated that the luciferase expression was enhanced upon the addition of PMA (figure 

4B), which indicates that the COX-2L promoter in AdCOX-2L-luciferase can be 

transcriptionally activated in primary human hepatocytes. However tumour selectivity of a 

COX-2 CRAd will only be compromised if the COX-2 promoter is induced by inflammatory 

stimuli including the adenovirus itself. To investigate this, human primary hepatocytes were 
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first transduced with a low MOI of AdCOX-2Lluc followed by a high dose of a non-

replicating adenoviral vector without reporter gene (AdNULL, moi 100 or 1000). The up to 

15 fold increase in luciferase expression seen upon addition of a high dose of adenovirus 

indicates that the transcriptional activity of the COX-2L promoter present in AdCox-2L is 

enhanced by adenovirus (Figure 4C). Together these data indicate that the COX-2 promoter 

in an adenoviral vector can be induced in primary human heptocytes by inflammatory stimuli 

provided by either PMA or adenoviral vectors. 

 

Induction of COX-2 expression in normal hepatocytes in vivo 

 

Expanding on the in vitro results in primary hepatocytes, COX-2 protein expression was 

determined in three patients with primary hepatocellular carcinoma and seven patients with 

liver metastases from colorectal cancer, who underwent partial hepatectomy. Representative 

slides of the tumour and surrounding normal liver tissue were stained 

immunohistochemically for COX-2 expression. COX-2 immunoreactivity was detected in all 

tumours, of which 8 were classified with moderate to strong staining intensity. In contrast, 

only weak or no staining was observed in normal hepatocytes, except at sites around 

inflammation and necrosis (n=4). In tumour bordering non-tumourous tissues, a more intense 

staining of COX-2 was observed than in non tumour bordering normal liver cells (Figure 5). 

No identifiable difference in COX-2 expression was observed between the gene therapy 

treated patients (n=5) and the patients (n=5) who only underwent surgery. These data indicate 

that COX-2 expression can be induced in normal hepatocytes in vivo. 

83 



Adenovirus activates the COX-2 promoter 

 

 

 

 

 
 
Figure 4: Effect of PMA and adenoviral vectors on COX-2 protein induction and activation of a COX-2 
promoter in eight independent human hepatocyte isolates. Cell viability was confirmed by identifying green 
fluorescent cells with fluorescent microscopy before cells were harvested (AdCMVGFP, moi 10). A: COX-2 
protein induction by PMA (isolate 1-6) or adenoviral vectors (AdCMVluc, moi 50) (isolate 3-6). B: Activation 
of the COX-2L promoter (AdCOX-2L, moi 5) by PMA (isolate 4-8). C: Activation of the COX-2L promoter 
(AdCOX-2L, moi 5) by adenovirus (AdNULL, moi 100 and 1000). 
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Figure 5: Representative examples of COX-2 immunohistochemistry. A: Strong COX-2 immunoreactivity in 
tumor cells (40x). B: In tumor bordering non-tumorous tissues, a more intense staining of COX-2 was observed 
than in non tumor bordering normal liver cells (40x). C. Weak COX-2 immunoreactivity in normal hepatocytes 
(100x). Also see page 135 (middle). 
 

4. Discussion 

 

The successful clinical use of adenoviral cancer gene therapy, specifically strategies 

involving replicating adenoviral vectors, relies on the ability to restrict viral activity to 

tumour cells. The frequent involvement of the liver in tumour pathology, both as a primary 

tumour source and major site of metastasis, combined with the natural hepatotropism of 

adenoviral vectors (esp. serotype 5), makes the need for targeting especially stringent in this 

organ (19). An attractive strategy to reduce adenoviral liver toxicity is to use transcriptionally 

targeted replicating adenoviral vectors. A major obstacle in determining the safety profile of 

CRAds and their controlling elements is the lack of adequate animal models. The athymic 

nude mouse implanted with human tumours is still the only widely available system. 

However, since the replication of human adenoviral vectors is severely impaired in mouse 
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tissues, these mice models are not suitable to determine ‘leakiness’ of vector specificity. 

Therefore, normal human material, although difficult to obtain, is still best suited for 

analysing leakiness of potential tumour specific elements.  

In this study we have been able to obtain fresh primary normal human hepatocytes, 

which allowed us to investigate tumour selectivity of the COX-2 promoter in an adenoviral 

context. High COX-2 expression has been demonstrated in many human gastrointestinal 

malignancies, whereas it is not expressed in normal tissue including liver, making the COX-2 

promoter a potential tumour targeting element (13). In recent studies by Yamamoto et al., two 

regions of the cyclooxygenase-2 promoter have been identified as promising tumour specific 

transcriptional targeting elements (11,12). In the present study, the activity of the COX-2 

promoter was demonstrated to be correlated with the endogenous COX-2 status of various 

gastrointestinal carcinoma cell lines. Using the strong COX-2 activator PMA, it was also 

shown that COX-2 promoter fragments cloned into adenoviral vectors can still be 

transcriptionally activated by PMA, which mimics inflammatory COX-2 induction (20). This 

indicates that regions essential for the transcriptional upregulation of COX-2 are present in 

the used promoter fragments. Previous studies showed that the inducing effects of PMA are 

mediated by the cyclic AMP response element (CRE, located at –59bp to –53 bp) and to a 

lesser extent the nuclear factor-κB (NF-κB, located at -223 to –214 bp) of the COX-2 

promoter (21,22). Furthermore these elements have also been implicated in adenoviral and 

inflammatory cytokine mediated COX-2 promoter activation (31,32). Both elements are 

indeed present in the promoter fragments used in this study and may therefore play a role in 

the activation of the COX-2 promoter. 

Recently, Hirschowitz et al. showed that adenoviral vectors induce dose-dependent 

increases in COX-2 protein and Prostaglandin E2 (PGE-2) production in non-small cell lung 

cancer cell lines and that this increase was independent of the transgene expressed (23). In 

concordance with the results from Hirschowitz et al. we could also induce COX-2 expression 

by incubating gastrointestinal carcinoma cells with non-replicating adenoviral vectors. More 

generally, adenovirus induced inflammation has also been described previously. Adenoviral 

particles, whether replication competent or deficient, are able to induce inflammation upon 

binding and/or internalisation of viral components (24,25). The cell-virus binding, 

internalisation and predominantly adenoviral expression of the E4 coding region, stimulate 

signal transduction pathways (e.g. mitogen-activated protein kinase (MAPK) and p38/stress-

activated protein kinase (p38/SAPK)) that activate transcription factors. These inflammation 
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cascades are not restricted to tumour cells and can also be activated in normal cells. 

Considering this we investigated the inducibility of COX-2 in human primary hepatocytes. It 

was demonstrated that PMA and adenoviral COX-2 induction, both on the level of protein 

expression and transcripional activation, does occur in normal human hepatocytes in culture. 

However, it must be noted that COX-2 induction could not be detected in all isolates. 

Because of these heterogeneous results and the limited availability of human primary 

hepatocyte isolates, we also analysed COX-2 expression in resection material from ten 

patients who underwent partial hepatectomy for primary or metastatic liver cancer. Five of 

these patients were preoperatively treated with intratumoral injection of different doses of a 

non-replicating adenoviral vector (26). Based on the nitro-reductase expression no spread of 

the injected virus was seen into the surrounding normal liver tissue, which could explain why 

in the gene therapy group no additional COX-2 induction was observed. Comparable to the 

in-vitro hepatocyte cultures, COX-2 expression was heterogeneous in liver in vivo. Still, clear 

COX-2 expression could be observed in normal hepatocytes, specifically in those 

surrounding the tumour cells. The presence of COX-2 expression in normal hepatocytes 

demonstrates that other factors can also disrupt COX-2 tumour specificity in vivo. Activation 

of MAPK/ERK and p38/SAPK pathways can increase the quantity and activation state of 

nuclear transcription factors leading to pro-inflammatory cytokine gene expression, 

especially in tissue macrophages. These various cytokines (e.g. TNF-α, IL-1 and IL-8) can 

rapidly induce the COX-2 protein level and enzyme activity via activation of the nuclear 

factor-κB (NF-κB) transcription factor (23,27,28). A publication of Reid et al. demonstrated a 

systemic upregulation of COX-2 inducing cytokines after hepatic arterial infusion of a 

replication-selective oncolytic adenovirus in patients with liver metastasis of gastro-intestinal 

malignancies (29). Together these data suggest that the COX-2 promoter activation can be 

more pronounced in vivo than demonstrated in the in vitro experiments due to additional 

cytokine production and activation of immune cells. 

The results of this study seem to contradict the outcome of a previous study conducted 

by Yamamoto et al. regarding the COX-2L and COX-2M promoter elements (11,12). 

Yamamoto et al. administered COX-2 promoter controlled CRAds systemically in non-

tumour bearing mice and histopathological analysis did not reveal findings of toxicity in 

major organs. However, they did observe increased numbers of acute inflammatory cells in 

the liver parenchyma (12). Considering the impaired replication of human adenoviral vectors 

in mouse tissues, the presence of inflammation in the liver complements our data and also 
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suggests that the tumour specificity of COX-2 promoter elements can be compromised when 

replicating adenoviral vectors are used to treat primary and secondary liver tumours. One 

could easily imagine the loss of COX-2 tumour specificity when, after initial tumour specific 

replication, considerable amounts of adenoviral particles are released from the tumour to 

adjacent normal cells, inducing inflammation and subsequent activation of COX-2 in normal 

cells. In fact, in their study Yamamoto et al detected E1A mRNA in the livers of treated 

animals indicating that the COX-2 promoter is active albeit on a very low level. Since low 

levels of E1A are already sufficient for adenoviral replication, even this low expression could 

result in efficient replication and cell lysis in a permissive tissue such as human liver (30). 

Furthermore a recent study performed by Kirby et al. demonstrated viral replication of a 

transcriptionally targeted COX-2 CRAd in human liver slices (31). The fact that CRAd 

replication was postponed 24-36 hours in comparison to the Ad5 wild type in normal human 

liver but not in COX-2 expressing tumours, appears to be in agreement with our observation 

that COX-2 expression is induced 24 hours after the addition of adenoviral vectors. 

Expanding on these results, one could hypothesize that adenoviral induced cell lysis does not 

only result in the release of viral particles but also exposes surrounding cells to cellular 

debris. Since cell debris is also able to induce pro-inflammatory cytokines, extensive release 

of both adenoviral particles and cellular debris is expected to have enhanced effects on COX-

2 induction in vivo (17). This cascade would further compromise the clinical use of COX-2 

transcriptionally targeted CRAds. Therefore, our results indicate that in its present form the 

COX-2 promoter may not be suitable for controlling the replication of a CRAd. Still, in light 

of the promising results in intestinal cancers, we think that modifications of the COX-2 

promoter to enhance tumour specificity may result in an attractive tumour specific vector.    

In this context, it would be interesting to see how deletions or mutations in the CRE and NF-

κB domains that reduce the inflammation sensitivity, would influence the tumour specificity 

of the COX-2 promoter. A complementary approach could be to reduce COX-2 activating 

activity via mutations in the E4 region of adenoviral vectors, although it should be considered 

that such mutations can have severe implications for the oncolytic activity of the virus (e.g. 

complete deletion of the E4 region renders the virus replication incompetent) (32). In 

addition, adapting the viral genome does not affect cell debris induced inflammation. Other 

interesting possibilities are to combine the currently used COX-2 promoter fragments with 

additional tumour specific promoters in dual promoter activated CRAds and/or combine the 

use of the COX-2 promoter with transductional targeting (33-35).
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In conclusion, this study demonstrates that awareness of adenoviral vector effects on 

infected tumour cells and especially normal human (liver) cells is relevant and should be 

acknowledged in the development of adenoviral cancer gene therapy. Although the tumour 

specificity of the COX-2 promoter still warrants further research, our data suggest that the 

tumour-specificity of COX-2 promoter elements can be compromised when incorporated into 

adenoviral vectors systems due to possible self-activation of these vectors. Therefore, the 

currently used native COX-2 promoter regions seem unsuitable as tumour specific regulators 

in replicating adenoviral vector systems.  
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Abstract 

Replicating adenoviral vectors (RAds) hold great promise for the treatment of cancer. 

Significant therapeutic effects of these vectors do not only rely on tumor targeting but also on 

efficient release of viral progeny from host cells. Cytotoxic genes expressed late in the 

adenoviral life cycle can significantly enhance viral release and spreading. Therefore, an 

adenoviral cloning system that allows easy integration of established tumor targeting 

techniques together with late expression of transgenes can be a valuable tool for the 

development of RAds. We expanded the features of the widely used AdEasy adenoviral 

cloning system towards the production of tropism modified replicating  adenoviral vectors 

that express transgenes late in the viral life cycle. Three vectors (pIRES, pFIBER and 

pAdEasy-Sce) that facilitate easy manipulation of the adenoviral fiber region were 

established. Unique BstBI and I-Sce-1 restriction sites facilitate the introduction of 

retargeting peptides in the fiber HI-loop and of genes of interest in the fiber transcription unit. 

We validated the system by constructing an E1 positive adenovirus with a RGD motif in the 

fiber HI-loop and GFP expressed from the fiber transcription unit (Ad∆24Fiber-rgd-GFP). 

Additionally, assessment of E1 negative replication deficient vectors confirmed strict 

dependence upon E1 expression for the expression of transgenes inserted in the fiber 

transcription unit. This flexible cloning system allows for straightforward construction of 

tropism expanded replicating adenoviral vectors that express transgenes late in the adenoviral 

life cycle. 
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1. Introduction 

 

Replicating adenoviruses (RAds) hold great promise for the treatment of cancer, and much 

effort is being invested in restricting viral activity to tumor cells using transcriptional and 

transductional targeting (1-4). Transductional targeting increases viral entry into tumors that 

express low levels of the primary adenoviral receptor CAR (Coxsackievirus and Adenovirus 

Receptor) resulting in improved oncolytic efficiency of replicating adenoviral vectors (5-7). 

However, significant therapeutic effects do not only rely on tumor targeting but also on 

optimal viral control of host cell survival. Depending on the stage of the adenoviral life cycle, 

wild type adenovirus either prolongs or shortens host cell survival. Early in the viral life 

cycle, during the production of progeny virus, host cell survival is prolonged by the 

expression of adenoviral proteins that preserve cell viability. In contrast, once the viral life 

cycle is complete, cytotoxic adenoviral proteins are expressed that stimulate viral release by 

initiating cell death. A clear example of such a late expressed cytotoxic gene is the adenoviral 

death protein (E3 11.6 kDa protein) that is required for efficient cell death and subsequent 

release and spreading of progeny virus (8,9). Indeed, several publications have shown that 

late expression of cytotoxic genes, either adenoviral or non-adenoviral, significantly enhances 

adenoviral release and spreading (8,10-12). Additionally, retargeting strategies that employ 

bi-specific antibodies or CAR fusion proteins may also benefit from expression late in the 

viral life cycle (13). Therefore, replicating adenoviruses in which transgene expression is 

restricted to the later phases of the viral life cycle could have improved therapeutic efficacy. 

Since the AdEasy system is one of the most widely used adenoviral cloning systems, 

we chose to expand this system to facilitate the construction of recombinant replicating 

adenoviruses with a modified fiber region (14,15). The system we developed allows for easy 

introduction of the following features: 1) transgene expression late in the viral life cycle,  2) 

retargeting peptides in the HI-loop of the fiber knob and 3) introduction of the (modified) 

adenoviral E1 region (5,16). 

 

94 



   Chapter 4 

2. Material and Methods 
 
Plasmid & viral vector construction 
Transgene expression can be restricted to the final stage of the adenoviral life cycle by internal 
ribosomal entry site (IRES) mediated incorporation into the adenoviral fiber transcription unit (17). 
To simplify insertion of transgenes in the fiber transcription unit we constructed three plasmids: 
pIRES, pFIBER and pAdeasy-Sce (Fig. 1a). Plasmid pIRES contains an IRES-eGFP (enhanced green 
fluorescent protein) cassette flanked by I-Sce-1 restriction sites. Unique NcoI and NotI restriction 
sites in pIRES can be used to replace the eGFP gene or, alternatively, NotI and EcoRI can be used to 
replace the complete IRES containing cassette (Fig.1a). The IRES expression cassette can be inserted 
into the adenoviral fiber transcription unit via I-Sce-1 mediated cloning into pFIBER. Plasmid 
pFIBER contains the final 5987 bp of the E3 deleted right arm of adenovirus serotype 5, with the 
addition of a unique I-Sce-1 restriction site following the fiber stop codon. The non-palindromic I-
Sce-1 recognition sequence ensures that pIRES derived cassettes can only be linked to the 3’ end of 
the adenoviral fiber coding sequence in an “IRES first” orientation. Additionally, the unique BstBI 
site in pFIBER facilitates the insertion of retargeting peptides into the HI loop as previously described 
by Mizuguchi et al.(16). The fiber region, including HI loop modification and IRES transgene 
insertions, can be released from pFIBER with HpaI and EcoRV and introduced into pAdEasy-Sce by 
homologous recombination in E.coli strain BJ5183 (Fig 1) (14,15). Upon  co-transformation of I-Sce-
1 linearized pAdeasy-Sce together with the HpaI-EcoRV insert (molar ratio 1:175) routinely at least 
15% of recovered plasmid was found to be correctly recombined. Recombinant E1/E3 deleted 
adenoviral genomes containing the engineered fiber region can be used to establish electro competent 
BJ5183 cells as described by Zeng et al. (18). This facilitates easy homologous recombination based 
introduction of the adenoviral E1 region of choice using the standard AdEasy shuttle system (15). 
 

3. Results  & Discussion 

 

Transgenes incorporated in the fiber transcription unit are expressed late in the adenoviral 

life cycle 

 

To validate our cloning system we constructed a replication competent adenovirus, 

Ad∆24Fiber-rgd-GFP. This virus contains the RGD retargeting motif in the fiber HI-loop and 

the enhanced Green Fluorescent Protein (eGFP) in the fiber transcription unit. Furthermore 

this virus contains a 24 bp deleted E1 region (∆24) that has been shown to provide 

preferential replication of the virus in tumour cells (19). Homologous recombination of the 

appropriate E1/E3 deleted adenoviral genome (pAdeasy-1, pAdeasy-rgd-GFP) with an 

AdEasy Shuttle plasmid containing the ∆24 E1 region yielded Ad∆24Fiber and Ad∆24Fiber-

rgd-GFP (Fig 1b). Western blot analyses of E1 negative CC-LP-1 cells infected with 

Ad∆24Fiber-rgd-GFP shows that eGFP becomes detectable 24 hours post infection and, like 

the fiber protein, is expressed late in the viral life cycle (Fig 2a). The reverse was seen for 

E1A proteins, that are known to be down regulated in the later stages of the adenoviral life  
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Figure 1a: Schematic representation of pIRES, pFIBER and pAdEasy-Sce used to construct Fiber region 
modified E1/E3 deleted adenovirus serotype 5 genomes.  
Note that for clarity of the overall cloning scheme, the eGFP gene which is flanked by the NcoI-NotI sites of 
pIRES, is not depicted. Also note that pAdEasy-Sce is depicted after linearization with I-Sce-1 (L/RITR: left 
and right adenoviral inverted terminal repeat; Ori: E.coli origin of replication). Construction of pIRES: XhoI/I-
Sce-1/EcoRi (oligo’s: 5’-tcgagtagggataacagggtaatg-3’ and 5’-aattcattaccctgttatccctac-3’). and NotI/I-Sce-1/SacI 
(oligo’s: 5’-ggccgctagggataacagggtaatgagct-3’ and 5’-cattaccctgttatccctagc-3’)  linkers were used to introduce 
unique I-Sce-1 restriction sites flanking the encephalomyocarditis virus (emcv)IRES-eGFP cassette of pBSK-
iresGFP (gift from A.Q. Bakker,  the Netherlands Cancer Institute). Construction of pFIBER: The adenoviral 
fiber protein containing the 5944 bp EcoRI fragment of pAdHM15 (gift from Dr H. Mizuguchi, National 
Institute of Health Sciences, Japan) was ligated into pCR2.1 (InVitrogen) yielding pCR2.1FIBER (16). A 
unique I-Sce-1 restriction site was introduced following the adenoviral fiber stop codon by overlapping PCR. 
Primer pair 1: forward 5’cggtacacaggaaacaggagac 3’, reverse 5’attaccctgttatccctattattcttgggcaatg 3’ (166 bp 
amplicon) and primer pair 2: forward 5’tagggataacagggtaatagaatcgtttgtgttatg 3’, reverse 5’cgaatcatcgctgaggagac 
3’ (558 bp amplicon). I-Sce-1 sites are underlined. Both fragments were combined for a third PCR using the 
outside primers. The resulting fragment was cloned, sequenced and introduced into pCR2.1FIBER with BstBI-
BlpI yielding pFIBER. Construction of pAdEasy-Sce: Plasmid pAdEasy-Sce is identical to pAdEasy-1 (E1/E3 
deleted adenoviral serotype 5 genome) with the addition of a unique I-Sce-1 restriction site following the 
adenoviral fiber stop codon (15). A 1782 bp I-Sce-1 containing fragment was released from pFIBER with 
EcoRV-HpaI and co-transformed with pAdEasy-1 into E.coli strain BJ5183 (15,21,22). Single colony derived 
plasmids were subjected to restriction analyses. Construction of pAdEasy-transgene: The Vesicular Stomatitis 
Virus Glycoprotein gene was amplified from retroviral packaging plasmid pMD.G primers: forward 
5’ccatggagtgctttttgtacttagc 3’, reverse 5’ gcggccgcttaccttccaagtcggttc 3’ (Nco-1 and Not-1 sites are underlined), 
sequenced and used to replace eGFP in pIRES yielding pIRES-VSVG (23). The emcvIRES-rtTA sequence was 
released from lentiviral transfer plasmid pIRESrtTA-S2 with EcoR1-Dra-1 and used to replace emcvIRES-eGFP 
in pIRES yielding pIRES-RTTA (24). IRES-transgene cassettes, released from pIRES with I-Sce-1, were cloned 
into pFIBER. Introduction of an Arg-Gly-Asp (RGD) motif in the fiber HI-loop was performed as described 
previously using pFIBER as recipient (16). Subsequently the IRES containing HpaI-EcoRV fragment released 
from pFIBER plasmids was co-transformed with I-Sce-1 linearized pAdeasy-Sce into E.coli strain BJ5183 
yielding pAdEasy-GFP, pAdEasy-rgd-GFP, pAdEasy-VSVG and pAdEasy-RTTA . 
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Figure 1b: Replication competent adenoviruses.  
Ad∆24Fiber and Ad∆24Fiber-rgd-GFP were produced by homologous recombination of the appropriate Adeasy 
backbone (pAdeasy-1, pAdeasy-rgd-gfp) with an AdEasy Shuttle plasmid containing the adenoviral E1 region  
with a 24 bp deletion in constant region 2 (pShuttle∆24, gift from Dr V.W. van Beusechem, VU University 
Medical Center, the Netherlands) (15,19). Viruses were prepared in CC-LP-1 cells. Crude viral stocks were 
prepared by three freeze thaw cycles of producer cells resuspended in PBS. Lysates were clarified by 
centrifugation (10 minutes, 2000 rpm, Hettich rotina 46R centrifuge) and filtration over a 0.45 µm filter 
(Millipore), aliquoted and stored at –80o C. Viral titers were expressed as CC-LP-1 transducing units per ml as 
determined by adenovirus protein expressing cells at 48 hours post transduction as previously described by 
Bewig et al. (25). CC-LP-1 cells do not contain the E1 region, are very susceptible to adenoviral transduction 
and express amounts of CAR that are comparable to HEK293 (data not shown). 
 
 
 

 
 

Figure 1c: Replication deficient adenoviral vectors used for characterization of the cloning system. 
Electro competent BJ5183 E.coli cells containing pAdeasy-transgene plasmids were established and a DsRed 
marker gene (derived from pDsRed1-N1, Clontech) was introduced into the E1 region by homologous 
recombination with pShuttle CMV Ds Red (15,18). Viral vectors were prepared in the E1 positive adenovirus 
producer cell line HEK293. Crude viral stocks were prepared as described in figure 1b. All viral titers were 
expressed as CC-LP-1 cell transducing units per ml (TU / ml) as determined by flow cytometry for DsRed 
(Becton Dickinson FACS Calibur, FL-2 channel) 60 hours post transduction.  
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cycle (Fig. 2a) (17,20). These results confirm the late expression of the transgene in the fiber 

transcription unit. 

Expression of fiber, and other late expressed adenoviral proteins, is strictly dependent 

on the initiation of replication by the E1 region (20). To confirm that this is also the case in 

our cloning system we constructed an adenoviral vector in which the E1 region was replaced 

by a CMVdsRed expression cassette (AdFiber-GFP in Fig 1c). In this replication deficient 

vector fiber and fiber linked transgene expression is expected to occur only in E1 positive cell 

lines. To demonstrate that fiber linked transgene expression depends on E1 expression, E1 

positive cell lines (HEK293, HER911, GH329) and E1 negative cell lines (HeLa and CC-LP-

1) were transduced with AdFiber-GFP and analyzed for DsRed and eGFP expression by 

flowcytometry (26-29). E1 negative cells were transduced with higher MOI’s and analyzed at 

later time points (at least three days post transduction) to ensure that low levels of 

background expression could be detected. Still as expected and summarized in table 1, no 

detectable eGFP expression was observed in E1 negative cells while both single (DsRed) and 

double (DsRed and eGFP) positive cells were detected in E1 positive cells. This was also 

confirmed by western blotting, where no fiber, eGFP or E1A protein expression was detected 

in E1 negative cells (HeLa, data not shown), while in E1 positive HER911 cells the 

expression of eGFP in the fiber transcription unit mimics that of the fiber (Fig 2b). Together 

these data confirm that fiber linked transgene expression is dependent on E1 expression and 

is induced, together with fiber, late in the adenoviral life cycle. 
 

 

Table 1: Expression of transgenes incorporated into the fiber transcription unit depends on adenoviral E1 
expression. 

 

 
Adenoviral transductions were routinely performed in a 300 µl inoculum for 2 hours on 5x104 cells in 24 well 
plates. A multiplicity of infection (MOI) of 0.1 was used for E1 positive cell lines (HEK293, HER911, GH329) 
and a MOI of 1 was used for E1 negative cell lines (HeLa, CC-LP-1). E1 linked expression of eGFP in the fiber 
transcription unit was determined by flow cytometry for both DsRed and eGFP. No single eGFP positive cells 
were detected (Becton Dickinson FACS Calibur, FL-1 and FL-2 channel). 
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Figure 2: Protein expression from the fiber transcription unit is initiated in the late phase of the 
adenoviral life cycle and is dependent on E1 expression.  2x105 E1 negative CC-LP-1 cells were transduced 
with Ad∆24Fiber-rgd-GFP or Ad∆24Fiber (a). 5x104 E1 positive HER911 cells were transduced with AdFiber-
GFP, AdFiber-Sce (b). All transductions were performed at a MOI of 0.5. Twelve, 24 and 48 hours post 
transduction cells were collected in radio-immuno precipitation assay (RIPA) buffer and sonicated (30). 
Equivalent samples were separated on a 10% SDS-PAGE and transferred to a PVDF membrane (Millipore). 30 
kDa eGFP was detected with mouse monoclonal JL-8 (dilution 1:5000; Becton Dickenson, Clontech), the 62 
kDa monomeric and 180-200 kDa trimeric form of Fiber were detected with mouse monoclonal Ab-4 clone 4D2 
(dilution 1:2000; Neomarkers) and the approximately 50 kDa E1A proteins were detected with mouse 
polyclonal M37 (dilution 1:10). Bound primary antibodies were visualized using the appropriate peroxidase 
tagged secondary antibody (BioRad), Lumilight (plus) substrate (Roche Molecular Biochemicals) and 
chemiluminescence detection (Lumi Imager, Roche). C = mock transduced cells (negative controls). 
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Different transgenes can be expressed from the fiber transcription unit 

 

To confirm the integrity of our cloning system we produced two additional replication 

deficient adenoviral vectors, AdFiber-VSVG, AdFiber-RTTA that respectively contain the 

vesicular stomatitis virus glycoprotein (VSV-g) and the reverse tetracycline transcriptional 

activator (rtTA) in the fiber transcription unit (Fig 3 and Fig 4).  

Expression of the Vesicular Stomatitis Virus Glycoprotein (AdFiber-VSVG) from the 

fiber transcription unit was confirmed by western blotting of transduced E1 positive HER911 

cells (Fig 3). The introduction of VSV-G confirms NcoI-NotI mediated cloning into pIRES 

and that at least up to 2156 bp (VSV-G and IRES sequence) can be cloned into the fiber 

transcription unit. This suggests that size restrictions will not limit the introduction of bi-

specific antibodies or CAR fusion proteins into the fiber transcription unit using this cloning 

system (13).  

In the replication deficient AdFiber-RTTA, rtTA expression is linked to the 

adenoviral fiber transcription unit and is only available for doxycyclin dependent activation 

of the tetracycline operator (tetOcmv) late in the viral replication cycle. Indeed induction of 

AdFiber-RTTA mediated eGFP expression was strictly dependent on the presence of E1, 

rtTA and doxycycline (Fig 4). However due to high basal eGFP expression the fold induction 

observed upon activation by doxycycline was only three fold. This high basal eGFP 

expression was observed in E1 positive as well as E1 negative cell lines using either AdFiber-

RTTA or AdFiber-TET (data not shown). The latter vector does not contain the rtTA and this 

suggests that the high basal eGFP expression is caused by inefficient termination of 

transcription initiated by the CMV promoter driving the DsRed gene preceding the 

tetracycline operator (Fig 4). Preventing read through by introducing insulator sequences or 

by cloning cmv-dsred in the reverse orientation, may reduce background expression and thus 

result in a more pronounced enhancement of eGFP expression upon activation by 

doxycylcine (31-33). Further investigation of the pharmacology controlled late transgene 

expression would be interesting because enhanced lytic activity of CRAds shortens the time 

to cell lysis. As the production of viral stocks requires the collection of virus from intact cells, 

this may impair the production of high titer virus stocks. 
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Figure 3: VSV-g expression from the fiber transcription unit is initiated in the late phase of the 
adenoviral life cycle.  
5x104 E1 positive HER911 cells were transduced with AdFiber-Sce or AdFiber-VSVG. All transductions were 
performed at a MOI of 0.5. Twelve, 24 and 48 hours post transduction cells were collected in radio-immuno 
precipitation assay (RIPA) buffer, sonicated and further processed as described in Figure 2.(30) 55 kDa VSV-G 
was detected with rabbit polyclonal anti-VSVG (dilution 1:5000; Bethyl laboratories). C = mock transduced 
cells (negative controls), S = AdFiber-Sce transduced cells. 
 

 
Figure 4: Pharmacological control of late transgene expression. 
E1 positive HER911 cells and E1 negative CC-LP-1 cell were transduced (MOI of 0.01 and 0.1 respectively) 
with AdFiber-RTTA and as a control AdFiber-TET. Transduced cells were treated with doxycycline (1 µg / ml) 
for 24 hours (HER911, hatched bars) or 48 hours (HER911, black bars; CC-LP-1, white bars) and analysed by 
flowcytometry. The bar graph depicts the fold induction of the mean GFP fluorescence over the non 
doxycycline induced AdFiber-TET transduced cells. 
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Late expression of transgenes can be combined with the insertion of retargeting peptides in 

the fiber HI-loop 

 

Next we confirmed that the RGD tropism expansion is functional within our cloning system. 

Insertion of the RGD peptide in the adenoviral fiber HI-loop has been shown to result in 

adenoviral vectors that efficiently transduce cells independent of the Coxsackie Adenoviral 

Receptor (CAR) by retargeting viral attachment to intergrins (5,16,34). Therefore we 

assessed the cytotoxicity of Ad∆24Fiber and Ad∆24Fiber-rgd-GFP on the CAR positive cell 

line CC-LP-1 and the CAR negative cell line HS-766T (34). Toxicity of both vectors was 

similar on the CAR positive cell line CC-LP-1 (Fig 5a). However in the CAR negative cell 

line HS766-T, Ad∆24Fiber-rgd-GFP was clearly more toxic than Ad∆24Fiber (Fig 5a), 

indicating that the tropism expanded Ad∆24Fiber-rgd-GFP efficiently transduces CAR 

negative cells. To confirm that the insertion of the RGD peptide results in more efficient 

transduction we used the replication deficient vectors AdFiber-GFP and AdFiber-rgd-GFP 

(Fig 1c). Except for the replacement of the ∆24 E1 region with a CMV-DsRed expression 

cassette AdFiber-rgd-GFP is identical to Ad∆24Fiber-rgd-GFP (Fig 1b). As expected and in 

concordance with the results of the cytoxicity assay, the CAR negative cell line HS766-T was 

more susceptible to transduction by AdFiber-rgd-GFP compared to AdFiber-GFP (Fig 5b). 

Finally to confirm that the insertion of the RGD motif results in CAR independent 

transduction we blocked the CAR with soluble adenoviral knob protein. This inhibits 

transduction by AdFiber-GFP, but does not affect AdFiber-rgd-GFP transduction of the CAR 

expressing cell lines CC-LP-1 and HER 911 (Fig 5b). Additionally and in concordance with 

the data presented in figure 2 and table 1, eGFP expression is detected in E1 positive 

HER911 cells but not in the E1 negative CC-LP-1 and HS766-T cells, illustrating that E1 

dependent transgene expression is maintained in AdFiber-rgd-GFP (Fig 5b). Together these 

data confirm that with this cloning system retargeting peptides can be introduced into the 

fiber HI-Loop to generate tropism expanded (replicating) adenoviral vectors. 

In conclusion, we have developed a recombination based cloning system to produce 

tropism expanded replicating adenoviral vectors that express transgenes late in the viral life 

cycle.  This flexible cloning system, that is fully compatible with the AdEasy adenoviral 

cloning system, can be a valuable tool for the further development of potent conditionally 

replicating adenoviral vectors for cancer therapy. 
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Figure 5a: Ad∆24Fiber-rgd-GFP displays a higher cytotoxic effect than Ad∆24Fiber in CAR negative 
HS766-T cells while both display equal cytotoxicity in CAR positive CC-LP-1 cells. 
Based on titres determined on CC-LP-1 cells both CC-LP-1 (high CAR expression) and HS766-T (low CAR 
expression) cells were transduced with different MOIs (1, 0.1, 0.01). To visualize the cytotoxic effects plates 
were rinsed once with PBS, fixed and stained in 50 % methanol, 10 % glacial acetic acid, 0.1% Coomassie 
Brilliant Blue G250 (BioRad) at the indicated time points post transduction. 
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Figure 5b: AdFiber-rgd-GFP displays CAR independent transduction and E1 dependent transgene 
expression. 
E1 negative HS766-T (low CAR expression, top graph) and CC-LP-1 (high CAR expression, middle graph) 
were transduced with a MOI of 0.5 (CC-LP-1 transducing units) in the presence or absence of adenovirus 
serotype 5 fiber knob protein (ad5 knob). Sixty hours post transduction the cells were analyzed by flow 
cytometry for eGFP and DsRed. E1 positive HER911 cells (bottom graph) were transduced with 50% efficiency 
using AdFiber-rgd-GFP and AdFiber-GFP. Transductions were performed in the presence or absence of ad5 
knob. Twenty-four hours post transduction the cells were analyzed by flowcytometry for eGFP and DsRed. All 
experiments were performed in triplicate in a 24 well format (5x104 cells / well). CAR blocking was performed 
with 10 µg ad5 knob per well. 
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Discussion & summary 
 

Cancer gene therapy and replication deficient delivery systems 
Presently, the major alternative to the surgical treatment of cancer are chemo- and radiation 

therapy. The main problem with both these forms of therapy is their dose-limiting toxicity. In 

this regard gene therapy is an important novel alternative that potentially has little or no side 

effects. This is obviously of great benefit for the treatment of any cancer but specifically for 

cancers in which surgery is rarely an option, such as cholangiocarcinoma (1-4). Two 

potentially powerful tumour targeting strategies, that are exclusively available to gene 

therapy, are transcriptional and transductional targeting. The first aims to restrict the 

expression of therapeutic genes exclusively to tumour cells, while the latter approach tries to 

introduce the therapeutic genes exclusively into tumour cells. However, before any of these 

targeting strategies can have a significant impact on cancer therapy the most important 

requirement for effective gene therapy, efficient gene delivery, must be addressed. In this 

regard viruses are of special interest as they have a natural ability to efficiently introduce 

genetic material into cells in vivo. Accordingly, the best gene delivery vehicles currently 

available are based on viruses, with the adenoviral system being one of the most efficient and 

convenient systems (5,6). The aim of this study was to identify promoters that can restrict 

adenoviral activity specifically to cholangiocarcinoma cells, and remain silent in normal liver 

cells. Additionally we also determined if the new HIV derived lentiviral vectors offers 

advantages over adenoviral vectors for the delivery of therapeutic genes into 

cholangicarcinoma. 

Previous pre-clinical studies exploring adenoviral gene therapy for 

cholangiocarcinoma demonstrated a potent anti-tumour effect when adenoviral vectors were 

used to introduce the cytosine deaminase suicide gene into the cancer cells (3,7,8). This 

prompted us to further investigate this strategy in a panel of independent human 

cholangiocarcinoma cell lines. We found that all cholangiocarcinoma cell lines tested became 

sensitive to pro-drug treatment. However, only one out of four cholangiocarcinoma cell lines 

could be completely eradicated at physiologically relevant pro-drug concentrations (chapter 

1). Furthermore at that time data from phase I clinical trials had already demonstrated that in 

vivo transduction efficiencies of adenoviral vectors are significantly lower than the 

efficiencies obtained in in vitro experiments comparable to our own. In patients, even after 
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intra-tumoural injection of adenoviral vectors, gene transfer to the cancer cells was limited 

(9,10). The cause of this disappointingly inefficient transduction by adenoviral vectors is not 

entirely clear. The importance of the Coxsackie Adenovirus Receptor (CAR) and integrins, is 

well established (11-16). However, their expression levels do not always predict the 

transduction efficiency of tumours (17). Even in CAR positive tumours transduction 

efficiencies obtained in vivo are relatively low (9). Physical constraints in solid tumours like 

the presence of extracellular matrix, most likely play an important role in the limited 

diffusion into the tumour (18-20). This problem may be very relevant for cholangiocarcinoma 

in which an extensive amount of extracellular matrix is present (21).  

The limited results obtained with adenoviral vector mediated suicide gene therapy 

instigated our explorations of the lentiviral vector system for cancer gene therapy 

applications. The major advancement of lentiviral vectors over the classical retroviral vectors 

is that they can transduce both dividing and non-dividing cells (22-24). This potentially puts 

them in the same league as the adenoviral vector system with regard to transduction 

efficiency. Indeed, we have demonstrated that in human cholangiocarcinoma cell lines the 

lentiviral vector system performs comparable to the adenoviral system not only with regard to 

transduction efficiency but also with regard to cytosine deaminase mediated cell killing 

(chapter 1). Lentiviral vectors have not been tested in cancer patients yet. However, because 

both vectors have a similar particle size (~ 100 nm in diameter) diffusion of the lentiviral 

vectors will most likely be limited as well. This suggests that a suicide gene therapy approach 

using direct injection of lentiviral vectors into the tumour will also be ineffective. In fact we 

used a nude mouse cholangiocarcinoma tumour model to assess lentiviral transduction in vivo 

and found similar results as those with adenoviral vectors. Upon direct intratumoural 

injection of lentivirus we could only transduce a few percent of the total tumour mass. 

Furthermore transduced cells were not evenly distributed throughout the tumour and 

transduction appeared to be limited to the cells in the direct proximity to the injection site 

(figure 6). However, in contrast to adenoviral vectors, lentiviral vectors provide sustained 

expression of transgenes. Therefore, they still hold promise for cell therapy in which patient 

cells are modulated ex vivo and subsequently returned into the patient’s circulation. In this 

regard, cells of the haematopoietic system form a promising target (25,26). An interesting 

approach for instance is lentiviral modification of the immune system. Introduction of 

receptors engineered to recognize tumour cells may prove to be an efficient method to target 

cyto-toxic T-cells to cancer cells. Another promising approach seems to be the use of  
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Figure 6: Lentiviral transduction of subcutaneous CC-LP-1 tumours. 
The human cholangiocarcinoma cell line CC-LP-1 was subcutaneously injected in the flank of athymic nude 
mice. On day 14 post inoculation tumours were directly injected with 108 transducing units of a lentiviral vector 
expressing the green fluorescent protein (Lenti-GFP). On day 28 post-inoculation GFP the tumours were 
harvested, embedded in paraffin and sections were stained with anti GFP antibody (JL-8, Becton Dickenson, 
Clontech). a) GFP stained section of a mock injected CC-LP-1 tumour (magnification 10x). b) GFP stained 
section of a Lenti-GFP injected tumour (magnification 10x). c) Composite of GFP stained sections from the 
same Lenti-GFP injected tumour (magnification 2.5x). Fields of GFP positive cells are clearly localized around 
what appears to be the needle tract (black arrows). Also see page 135 (bottom) 
 

lentiviral vectors to introduce cytostatic compounds into tumour cells and or normal cells 

surrounding the tumour (27-30). 

When one wants to pursue cytostatic therapy the requirements for the therapeutic gene 

and the vector system are deceptively simple:  targeting of vector systems and gene 

expression do not need to be strictly addressed. The latter is due to the fact that many 

cytostatic genes have a certain level of intrinsic tumour specificity, for example by only being 

active against dividing endothelial cells, which are predominantly present in tumours. In this 

context we investigated lentiviral expression of a relatively new cytostatic protein called 

ATF-BPTi (31,32). ATF-BPTi is a fusion of the receptor binding domain of the urokinase 
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plasminogen activator (uPA) and the bovine pancreas trypsin inhibitor (BPTi) (also see page 

39 & chapter 1). The receptor for uPA is highly expressed on invasive tissues like cancer and 

BPTi is a broad spectrum protease inhibitor that can inhibit extracellular matrix degradation 

(33). Consequently, unlike most cytostatic agents investigated for cancer gene therapy, ATF-

BPTi not only inhibits tumour neo-angiogenesis but also actual tumour cell invasion (34). 

The reason for this is the inhibition of the pericellular matrix degradation by ATF-BPTi, 

which is absolutely necessary for the movement of cells through tissues. Results obtained in 

in vitro experiments using human endothelial cells were indeed promising but an in vivo pilot 

experiment did not reveal any effect on tumour growth (chapter 1). In a well vascularized 

tumour we did, however, observe a large reduction of the percentage of ATF-BPTi 

expressing tumour cells. This suggests that the lack of inhibition of tumour growth is due to 

loss of transduced cells. A possible explanation for this rapid loss of transduced cells is that 

pericellular proteolysis may play an important role in the grafting of these cells. In a poorly 

vascularized non-invasive tumour no reduction of transduced cells was observed. Because we 

were unable to obtain a 100% transduced cell population, this effect on grafting could not be 

conclusively shown. Still, the selection against ATF-BTPi expressing cells suggests that for 

sustained therapeutic effects it may be necessary to express ATF-BPTi and perhaps also other 

cytostatic agents in peritumoural tissue or endothelial cells, rather than in the tumour cells.  

 Overall, it seems that at this stage of development, direct in vivo applications of either 

non-replicating lentiviral- or adenoviral vectors will not result in dramatic clinical efficacy 

when cancer gene therapy is concerned. Taking into account the individual vector 

characteristics, the immediate future for lentiviral vectors lies in ex vivo gene transfer while 

the adenoviral vectors may still be effective in vivo by developing (conditionally) replicating 

adenoviral vectors. The latter potentially offers huge improvements in in vivo gene transfer 

and tumour cell destruction. Therefore our aim was to develop cholangiocarcinoma specific 

replicating adenoviral vectors, focusing on the identification of cholangiocarcinoma specific 

promoters to drive viral replication. 

 

Conditional Replicating Adenoviral vectors (CRAd) for gene therapy of 

cholangiocarcinoma 
The main concern in cancer gene therapy has always been tumour specificity. However, the 

performance of several vector systems, including adenoviral vectors, in clinical trials has 

demonstrated that the most important hurdle is still the low efficiency of in vivo gene transfer. 
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A promising approach to this problem is the use of replicating viruses, because replication 

can overcome an initial poor transduction by the de novo production of infectious particles 

that can infect initially untransduced cells (figure 1 page 11). However, because wildtype 

adenovirus and crippled viruses like ONYX-015 showed a limited efficacy, novel viral 

vectors should be more potent than the wildtype virus with regards to transduction of- and 

release from tumour cells. Because changing either the viral tropism or the intrinsic lytic 

capacity of the virus may result in increased pathogenicity, restricting viral activity to tumour 

cells becomes especially important. One way to accomplish this is to put adenoviral genes, 

essential for viral replication, under control of tumour specific promoters (also see figure 2 

page 15). Consequently, we set out to identify promoters that restrict gene expression to 

cholangiocarcinoma. 

 

Cholangiocarcinoma specific promoters (chapter 2 & 3) 

In patients that died from disseminated Adenovirus serotype 5 (Ad5) infection the 

virus can always be detected in the liver. This indicates that Ad5 does display some liver 

tropism. Furthermore, when aiming to treat cholangiocarcinoma the vast majority of normal 

cells encountered by the virus will be hepatocytes. Therefore, when considering 

transcriptional controlled replication using a tumour specific promoter, the promoter should 

be silent in normal human liver. Considering the well vascularized nature of the liver one 

should also take into account the potential impact of viral tropism modification on the ability 

of the virus to infect endothelial cells. As discussed in the introduction (page 26), replication 

of adenovirus in endothelial cells can have severe adverse effects. Therefore, it seems 

essential that potential tumour specific promoters are also inactive in endothelial cells. 

We were in the fortunate position to have access to human liver and 

cholangiocarcinoma specimens allowing us to investigate the mRNA expression levels of a 

panel of tumour markers in both cancerous and normal liver tissues. Furthermore, the 

availability of primary human hepatocyte and cholangiocyte cultures allowed us to directly 

assess the transcriptional activity of candidate promoters in an adenoviral context in these 

untransformed cells and compare it to that in several cholangiocarcinoma cell lines. In this 

way we identified a small set of promoters, consisting of a 277 bp fragment of the human 

telomerase reverse transcriptase promoter, a 690 bp fragment of the Mucin-1 promoter and a 

734 bp fragment of the cytokeratin-19 promoter, that seem to be suitable for the development 

of cholangiocarcinoma specific replicating adenoviral vectors (chapter 2). The activity of all 
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three promoters is low in primary hepatocytes, the most abundant cell type within the liver 

and in endothelial cells. Additionally, the CK19 and the hTERT promoter also display low 

activity in primary cholangiocytes. It must be noted that none of the promoters is truly silent 

in normal liver cells, but the activity of all selected promoters is significantly lower than in 

cholangiocarcinoma cells. In fact overall activity of these promoters is at least one log lower 

than that of the CMV promoter. However, the successful use of promoter regions comparable 

to the 690 bp MUC1 promoter and the 277 bp TERT promoter in experimental gene therapy 

indicate that the modest activity of these promoters is sufficient to drive adenoviral 

replication (35,36). This low promoter activity may even be essential for strict tumour 

selectivity. Low E1 expression is sufficient to drive adenovirus replication. Therefore the 

residual activity of a strong promoter could be high enough to drive adenoviral replication in 

normal tissues.  

Another very important aspect of the use of tumour specific promoters is that they 

should retain their tumour specificity when delivered in an adenoviral construct. This is 

clearly illustrated by our results obtained with the COX-2 promoter (chapter 3). Several 

reports have demonstrated that this promoter has a good tumour specific expression profile in 

most intestinal tumours. However, we show that in an adenoviral context this promoter can 

lose its tumour specificity because it can be activated by adenovirus induced stress. Although 

even upon induction the activity of the promoter is still low, it is sufficient to drive adenoviral 

replication as shown by the replication of the COX-2 controlled CRAd in slices of normal 

human liver (37). This finding is not surprising as the region responsible for stress induced 

promoter activation is present in the most commonly used COX-2 promoter constructs (38-

43). Taken together with the fact that several recent studies indicate that there is a clear link 

between COX-2 induction and adenoviral infection it seems that a CRAd controlled by the 

COX-2 promoter, without additional modification, will be able to replicate in primary 

hepatocytes and potentially also other untransformed cells (44-46). The danger of self-

activation becomes especially relevant when adenoviruses are used that are modified to be 

more potent than the wild type adenovirus. Considering the limited performance of 

adenovirus as anti-tumour agent in the clinic, such enhancements of the virus will be needed 

(47-49). 
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Developing more potent CRAds: Establishing a platform for CRAd production 

(chapter 4) 

Both clinical and preclinical studies using conditionally replicating adenoviral vectors have 

revealed that most of the first generation of conditionally replicating vectors are less potent 

than unmodified wild type viruses. These impairments are caused by deletions made in the 

viral genome to increase tumour specificity and/or to create space within the genome for the 

insertion of transgenes. The removal of the E1B in the ONYX-015 vector is a good example 

of unexpected viral attenuation due to the introduction of tumour specificity (discussed in the 

introduction). The experience with ONYX-015 has led to the development of adenoviral 

vectors with less disruptive deletions like in the delta 24 virus that contains a 24 base pair 

deletion in the E1A region of the adenovirus (also see introduction and chapter 3 and figures 

therein)(50). Another example of an adenoviral deletion that greatly influences viral 

persistence and replication kinetics is the deletion of the E3 region of the virus. This region 

controls both the host immune system (to avoid premature clearance of infected cells) and 

viral release from infected cells (via late expression of the Adenoviral Death Protein) (51,52). 

It is important to realize that even the wild type adenoviral vectors that did contain these 

regions, already demonstrated limited efficacy (also see introduction) (18,20,48). Taken 

together, these observations indicate that one should not only make sure that manipulations 

of- and addition to the adenoviral genome preserve the intrinsic lytic capacity of the 

adenovirus but actually result in vectors that surpass the unmodified virus in their oncolytic 

capacity. 

An interesting option to enhance the efficacy of CRAds is by increasing the lytic 

activity of the virus. This can be done by enhancing intrinsic viral lytic capacity through a 

combination of viro-therapy with traditional cancer therapy modalities like radio & 

chemotherapy. Additionally, lysis-enhancing genes can be added to the viral genome. The 

potential advantage of the latter has been demonstrated by overexpression of an endogenous 

gene, the adenoviral death protein (ADP) (53). Another important improvement would be to 

increase the transduction efficiency of the virus. Ideally, this should be done in a tumour 

specific way, by eliminating natural viral tropism and retargeting the adenoviral vectors to 

receptors that are highly expressed on tumour cells. However, since the entry of wild type 

vectors into tumour cells is an important limiting factor in the efficacy of adenoviral therapy, 

expansion of viral tropism without ablation of natural tropism can already have a favourable 

impact on efficacy. The latter is illustrated by the widely investigated addition of the RGD 
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peptide sequence to the otherwise wildtype viral capsid. This modification greatly enhances 

the ability of the adenoviral vector to transduce cells not expressing the coxsackie adenoviral 

receptor (CAR) (chapter 4 (54-56). However, although clearly capable of improving tumour 

cell transduction, such vectors are not tumour specific. The use of such tropism expanded 

vectors thus requires that the activation of adenoviral replication is controlled in a tumour 

specific manner. The latter can, for example, be accomplished by controlling the viral E1 

region with the promoter elements discussed in chapter 2 and 3, or by the introduction of 

tumour selective deletions in the E1 region of the virus as shown in chapter 4. In order to 

efficiently introduce and assess all necessary modifications flexible easy to use CRAd 

cloning systems are needed.   

There are several adenoviral cloning systems available, most of these have been 

constructed to produce non-replicating (E1 deleted) adenoviral vectors and are usually setup 

to accommodate the introduction of only one type of modification (for example tropism 

expansion). The most widely used and convenient adenoviral cloning system is the AdEasy 

system (57). This two component system consists of a small, easy to manipulate, shuttle 

vector, that can be used to introduce any expression cassette of interest into an E1 deleted 

adenoviral genome by homologous recombination in E.coli (58,59). Traditional adenoviral 

cloning systems require assembly of the modified adenoviral genome in mammalian cells. 

The transfer of this step to E.coli greatly reduces the amount of work and time needed to 

produce a modified adenoviral vector. We used the benefits of the AdEasy system to develop 

a CRAd cloning system that facilitates all manipulations important to increase vector 

efficiency:  viral tropism, introduction of lysis enhancing genes and tumour specific control 

of viral replication (figure 5 in scope).  

We validated our cloning system by constructing Ad24-Fiber-rgd-GFP (chapter 4). 

This CRAd replicates preferentially in tumour cells due to the introduction of the E1A region 

with a 24 bp deletion. This deletion impairs the ability of the virus to activate host cell E2F 

transcription factors. Consequently, the virus cannot force the host cell into the synthesis 

phase of the cell cycle and viral replication can not be initiated (also see figure 2 page 15) 

(50). This E1A mutant has been found to be very effective in several pre-clinical tumour 

models. Secondly, we introduced an Arg-Gly-Asp (RGD) peptide into the fiber HI-loop. This 

modification facilitates efficient tumour cell transduction because it allows the virus to utilize 

integrins that are highly expressed on tumour cells, as primary receptor instead of the 

Coxsackie Adenoviral Receptor (CAR) that is frequently downregulated on tumour cells (60). 
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Finally, by introducing the green fluorescent protein into the fiber protein transcription unit 

we demonstrated that in our cloning system transgenes are, like the fiber protein, expressed 

late in the viral life-cycle. The successful generation of Ad24-Fiber-rgd-GFP (chapter 4) thus 

indicates that our cloning system allows simple integration of transcriptional, transductional 

and cytotoxic modifications. As such it forms a useful platform for the further development 

of (cholangiocarcinoma specific) CRAds. 

This cloning system can be used to evaluate the timed expression of genes that cause 

cell toxicity or lysis. This represents an advantage over constitutive expression of toxic genes 

which will most likely result in abortive or sub optimal replication due to premature death of 

the host cell (61). Indeed, it has been shown that constitutive expression of apoptotic genes 

interferes with efficient viral replication (62).  It would be very interesting to investigate late 

expressed transgenes that induce cell death via non-apoptotic pathways like for example 

fusogenic retroviral envelope proteins (63-65). Late expression of such proteins may not only 

enhance the production, release and spreading of viral particles but could also induce potent 

anti-tumour cell immunity. Two powerful cytotoxic fusogenic proteins, the gibbon ape 

leukaemia virus (GALV) and the measles virus fusogenic proteins (F and H proteins) have 

been investigated in an adenoviral context, but as of yet no replicating adenoviruses have 

been produced expressing either of these proteins (63-65). Additionally, expression of 

proteins late in the viral life cycle may also be of benefit in retargeting strategies employing 

bi-specific antibodies or CAR fusion proteins 

 

Future steps and hurdles in the development of adenoviral gene therapy for 

cholangiocarcinoma. 
Finding that non-replicting viral vectors, specifically adenoviral and lentiviral vectors, will 

have great difficulty to have appreciable effects on cholangiocarcinoma in vivo, we went on 

to develop cholangiocarcinoma specific replicating adenoviral vectors. We identified 

promoter regions (CK19 and hTERT) that are likely to support viral replication preferentially 

in cholangiocarcinoma. Because these promoters are not truly silent in normal liver cells it 

may be necessary to combine them with transductional targeting modalities. For this we 

constructed a cloning system that allows easy generation of not only armed but also tropism 

expanded, replicating vectors. This system can now be used to determine how specific and 

effective the identified promoters are in initiating viral replication. 
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The ultimate goal of such adenoviral vectors is of course to use them to treat patients 

suffering from cholangiocarcinoma. Obviously, for truly curative treatment the vector 

eventually needs to reach all cancer cells. In this regard cholangiocarcinoma appears to form 

a relatively easy target as the disease is usually restricted to the liver without metastases to 

other organs. However within the biliary tree, localisation of cholangiocarcinoma can be 

quite diffuse and although the use of replicating vectors should compensate for initial low 

transduction efficiencies it does seem necessary that at least all cancer sites within the biliary 

tree are reached upon initial vector application. Consequently, intratumoural injection does 

not seem to be the method of choice. To reach all tumour sites one obvious option would be 

via the circulation. However, since vascularisation of cholangiocarcinoma is poor, this may 

not be the most efficient approach. Another option would be to deliver the virus via the 

biliary tree. To ensure the most optimal delivery, it will be necessary to administer the virus 

proximal of the tumour. Therefore an endoscopic approach will not be possible because it 

will result in the delivery of virus distal to the tumour and it will end up in the intestine 

instead of in the tumour. Therefore percutane injection into the bile ducts just proximal of the 

tumour, as already developed for the photodynamic therapy of cholangiocarcinoma, appears 

to be a much more promising route of vector application (4,66).  

Whether this method will have some efficacy, however, depends on how efficiently 

the virus spreads into the tumour. Intact epithelial cell layers are refractory to viral infections, 

as may be expected since they have developed to protect us from, amongst others, viral 

infection. The latter is strikingly illustrated by the fact that a tropism modified virus 

(incorporation of a RGD motif in the fiber HI-Loop) that demonstrated an impressive 

enhancement of transduction in established (oesophageal) cell lines did not improve viral 

entry into primary oesophageal explants that unlike the cell line retain their natural organ 

architecture (67). Furthermore, in rat models the application of adenovirus directly into the 

biliary tree results in efficient transduction of hepatocytes but not cholangiocytes (68). 

Together this suggests that human biliary epithelium may be refractory to viral infection as 

well. On the other hand, it may be expected that biliary cancer cells will be less refractory to 

infection because they do not form a tightly closed layer like differentiated epithelial cells. 

Their more loosely organised structure may allow for more efficient penetration of and 

transduction by the adenovirus. Furthermore, it has been shown by several groups that 

undifferentiated and dedifferentiated cells, like cancer cells, are more permissive to 

adenovirus transduction (67). Therefore it seems likely that adenoviral vectors may by nature 
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have a preference for infecting the cancerous regions. To determine if this is indeed the case, 

these vectors should be tested in a relevant animal model. Unfortunately, as will be discussed 

in the next section, the absence of such models is a major problem for the development of 

adenoviral gene therapy. 

No reliable models are available to thoroughly test if modifications to (replicating) 

adenoviral vectors indeed result in improved efficacy of these vectors. Mice and rats are the 

most readily available and most used in vivo model systems for experimental cancer therapy, 

but are not permissive to (efficient) adenoviral replication.  The most commonly used model 

is that of a human tumour implanted in athymic (immunodeficient) nude mice. However, the 

growth and permeability of such a tumour is very different from that of a cholangiocarcinoma 

dispersedly growing in the bile duct. The relevance of the effects of tropism modification 

seen in such subcutaneous tumours may only be limited. Furthermore, because these animals 

are not permissive to adenoviral replication, the tumour specificity of the developed vectors 

can not be determined. The latter is clearly illustrated by our investigation into the COX-2 

promoter (chapter 3). Finally, interactions between viral vector and the immune system can 

not be studied at all in these immunodeficient animal models. Therefore, development of 

reliable animal models, preferably with endogenous tumours comparable to the human 

cancer, will be an important step for the further development of safe and efficient replicating 

adenoviral vectors. In this regard the developmend of mice with humanised livers as well as 

rodent models that are permissive for replication of human adenoviruses are very interesting. 

The use of other small animal models might also offer good alternatives. A potentially useful 

cholangiocarcinoma model does exist in the form of drug induced cholangiocarcinoma in 

Syrian gold hamster (69,70). Since hamsters are much more susceptible to adenoviral 

replication than mice and rats, this cholangiocarcinoma model can play an important role in 

the development of adenoviral cancer therapies. However when ordering this drug, N-

nitrosobis(2-oxopropyl)amine, it appeared that transport was difficult because the compound 

is extremely toxic (69). This health risk made us decide not to set up this model in our lab, 

making it worthwhile to find collaborations with groups that do have access to this hamster 

cholangiocarcinoma model. 

The lack of proper animal models makes the use of fresh human cancerous and non-

cancerous resection specimens to test CRAd activity very important. In pilot experiments we 

established that cultured primary cholangiocarcinoma (both as endoscopic biopsy samples 

and as single cell cultures) are relatively easy to culture in vitro and can be efficiently 
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transduced with adenoviral vectors (figure 7). In this respect culture techniques using intact 

human tissue such as tissue slices seem especially promising. Tissue slicing is a recently 

developed technique for ex vivo culturing of primary material. The advantage of culturing 

tissue slices is that, as apposed to the isolation of single cells, it preserves the in vivo structure 

and composition of the tumour or normal tissues of interest. This technique has been 

successfully used to evaluate conditionally replicating adenoviral vectors in human tissue 

derived from the (normal) liver and ovarian carcinoma (37,71). If slices of human bile ducts 

and cholangiocarcinoma can be kept alive long enough to study adenovirus transduction, they 

may help to identify modifications that result in efficient transduction and replication of 

adenovirus specifically in tumour cells. Like all other ex vivo techniques this does however,  

have its limitations. For instance, the efficacy of virus administration into the bile duct lumen 

can not be assessed. Furthermore, because of the limited life span of these cultures (48 hours 

at the most) they will probably only support one single round of replication and thus are not 

suitable to study spread of the virus progeny in tissue. 

  

Will cancer gene therapy ever work? 

The majority of trial results of adenoviral cancer therapy are not very encouraging. The 

results do not even come remotely close to the initial expectations. But I think we can safely 

say that initial expectations were unrealistic to begin with. It is by no means surprising that 

pilot and phase 1 trials, geared at safety and typically performed in patient populations with 

advanced cancer, did not reveal impressive therapeutic effects. Furthermore, one should 

perhaps wonder what to expect from a field were the first human testing was performed little 

more than a decade ago, while keeping in mind that development of radiotherapy and 

chemotherapy dates back to 1900, more than 100 years ago (72). The development of 

monoclonal antibody based therapeutic strategies may form a guideline for the type of 

timeline that should be anticipated. Clinical testing of monoclonal antibodies based therapy 

started in the early 1980s. Of the nine Mabs that have been approved by the FDA for the use 

in cancer therapy seven have been approved in the current millennium (73). However, having 

said this, up to now it has been demonstrated that cancer gene therapy is relatively safe but 

demonstrates only minor efficacy at best. The biggest “advertised” advantage of cancer gene 

therapy i.e. the potential of targeting can not even be effectively brought into play, or even 

assessed yet, as there are still several basic problems to overcome. The main one being 

efficient gene delivery. This is addressed both by modifying viral tropism, either by changing 
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Figure 7: Culture and adenoviral transduction of primary cholangiocarcinoma 
a) Light microscopy of a 24 hour culture of an endoscopic sample of a cholangiocarcinoma. The sample was 
cultured as previously described and transduced with 106 plaque forming units of GFP expressing non-
replicating adenovirus (67). b) Fluorescent microscopy of the same sample, after 24 hour culture. GFP positive 
cells are visible in white. c) Alternatively cholangiocarcinoma specimens can be used to establish primary cell 
lines that are unlike the intact specimens, suitable for experiments exceeding 48 hours. 
 

the viral genome (i.e. introduction of targeting peptides and ablation of natural receptor 

binding sites), and/or by exploring different ways to coat the viral particles. Coating of viral 

particles may prove essential in the development of efficient gene therapy since human blood 

is a hostile environment not only for human adenovirus but for most human viruses. An 

important problem for instance is the fact that adenovirus bind to human erythrocytes very 

efficiently, but not to that of mouse. This binding does not just prevent delivery of the virus 

to distant sites but may also explain why high doses of virus are needed to obtain significant 

transduction. Especially the use of polyethylene glycol (PEG) to coat viral particles, a method 

commonly used to avoid protein clearance by blood macrophages, reduces the uptake of viral 

particles by non-target cells (i.e. liver cells, macrophages etc.) and subsequently reduces 
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adenoviral immunogenicity and increases its circulation time in the blood (74-79). The 

combination of such coating techniques with the introduction of targeting motifs may make it 

possible to reach an appreciable number of metastasis. If subsequently this can be combined 

with an efficient CRAd, adenoviral gene therapy could fulfil its promise as dynamic self 

perpetuating therapeutic modality. This would offer an important benefit over conventional 

drug therapies in which effects are directly related to the amount of drug administered. 

Furthermore, conventional drugs will be metabolized and lost regardless of the remaining 

tumour load in the patient. Finally, the poor results obtained in the clinical adenoviral gene 

therapy trials sparked the realisation that in these early days of gene therapy the focus should 

be on safety and tracking of the applied vectors with efficacy at this point only being a 

secondary objective. Tracking the fate of gene therapy vectors in patients will provide 

essential information needed to successfully continue the development of gene cancer gene 

therapy towards truly effective vectors. 

  In the end, considering the significant hurdles encountered in cancer gene therapy, it is 

unlikely that we will be able to develop a gene therapy vector that seeks out and destroys all 

cancerous cells in the body without any collateral damage to normal cells. This is illustrated 

by our finding that we could not identify cholangiocarcinoma specific promoters that are 

truly silent in normal liver cells. To restrict collateral damage as much as possible it seems 

essential to combine transcriptional targeting with trasnductional targeting. When this is 

successfully done it will form the basis for the development of vectors that surpass and add to 

the efficacy of conventional non-surgical modalities. Such combination therapy, or perhaps 

even gene therapy alone, can play an important role in the prevention of tumour recurrence 

following resection. Although these promises may not be as spectacular as initially hoped for, 

they will enhance both the quality of life and life expectancy of cancer patients. 
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Cellen, genen en kanker 
Een mens is opgebouwd uit verschillende organen (longen, lever, maag etc.). Elk van deze 

organen is opgebouwd uit cellen, de kleinste functionele eenheden van een orgaan. Elke 

individuele cel in het lichaam bezit alle informatie om een mens te maken (figuur 1a). Deze 

informatie is opgeslagen in ons erfelijk materiaal (genoom) dat opgebouwd is uit 

desoxyribonucleine zuren (DeoxyriboNucleic Acid: DNA). Het humane genoom  is 

opgebouwd uit een grote hoeveelheid DNA die verdeeld kan worden in ongeveer 25000 

verschillende genen. Elk gen kan beschouwd worden als een blauwdruk voor een functioneel 

onderdeeltje (eiwit) van een cel. Welke eiwitten een cel wel en niet nodig heeft is afhankelijk 

van de functie die de cel heeft en dus van welk orgaan de cel deel uitmaakt. Om ervoor te 

zorgen dat een cel alleen de onderdelen (eiwitten) maakt die nodig zijn, heeft elk gen in het 

genoom zijn eigen aan en uit knop (de promotor, figuur 1b). 

 Allerlei omgevingsfactoren zoals zonlicht (UV straling), sigaretten rook, langdurig 

ontstekingen in organen kunnen fouten (mutaties) introduceren in het genoom van een cel. 

Gelukkig kunnen cellen zonder problemen normaal blijven functioneren als er een paar 

mutaties in het genoom sluipen. Zelfs als er meerdere fouten in het genoom worden 

aangebracht zal dit in de meeste gevallen geen probleem zijn. De cel gaat dan simpelweg 

dood en haar taak wordt overgenomen door een gezonde cel. Helaas kan een ongelukkige 

serie mutaties resulteren in een cel die juist niet meer dood kan gaan en zich ongecontroleerd 

blijft vermenigvuldigen. Dergelijke cellen vormen het begin van kanker (tumor) (figuur 1a).  

Resectie, het uitsnijden van de kanker cellen, is nog steeds de beste en meest 

effectieve behandeling voor kanker. Wanneer dit niet mogelijk is, omdat de tumor cellen 

moeilijk te bereiken zijn en/of door verschillende organen verspreid (uitgezaaid) zijn, moeten 

andere behandelings methoden worden gebruikt. Chemotherapie en radiotherapie (bestraling) 

zijn in dergelijke gevallen de meest gebruikte alternatieven.  

 

Cholangiocarcinoma 

Cholangiocarcinoma zijn tumoren die ontstaan door mutaties in het erfelijk materiaal van 

cholangiocyten. Dit zijn de cellen die de galgangen in de lever vormen (figuur 1a). 

Galgangen zorgen ervoor dat galvloeistof, geproduceerd door hepatocyten (lever cellen), naar 
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de galblaas wordt getransporteerd waar het opgeslagen wordt tot het nodig is. Als voedsel 

vanuit de maag in de darmen terecht komt wordt de galvloeistof uit de galblaas in de darmen 

gepompt, waardoor vetten in het voedsel makkelijker verteerd kunnen worden. Gal helpt niet 

alleen bij de vertering van ons voedsel maar speelt ook een rol bij het afvoeren van afval 

producten uit het lichaam. Een goed voorbeeld hiervan is de afvoer van bilirubine, een rest 

product, afkomstig van de afbraak van gebruikte (rode) bloedcellen. Als de galgangen 

verstopt raken (bijvoorbeeld door galstenen of een tumor) kan het bilirubine niet meer 

worden afgevoerd en kleurt deze stof de huid en het wit van de ogen geel (geelzucht). 

Hoewel er in Azië een duidelijk verband is tussen bepaalde parasitaire lever infecties en het 

ontstaan van cholangiocarcinoma is er in de westerse wereld (Europa, Amerika) geen 

duidelijk aanwijsbare oorzaak.  

Cholangiocarcinoma worden over het algmeen pas ontdekt als resectie niet meer 

mogelijk is. Dit komt doordat kleine locale verstoppingen van het galgangstelsel niet worden 

opgemerkt. Pas als de tumor zich door een groot gedeelte van het galgangenstelsel en de lever 

heeft verspreid zal dit duidelijke symptomen geven, zoals het eerder genoemde geelzucht 

maar ook bijvoorbeeld buikpuin en misselijkheid. Omdat er helaas geen goede chemo- of 

radiotherapie behandelingen bekend zijn voor deze vorm van kanker, krijgen de meeste 

patienten slechts pijn verlichtende therapie. Het onderzoek gepresenteerd in dit proefschrift 

vormt een eerste aanzet tot de ontwikkeling van gentherapie voor de behandeling van 

cholangiocarcinoma. 

 

Kanker gentherapie 
Wat men met kanker gentherapie wil bereiken is dat de tumor cellen van de patient zelf 

therapeutische eiwitten gaan maken. Dit kan bereikt worden door een stuk DNA in de cel te 

stoppen dat een promotor en een gen voor een therapeutisch eiwit bevat. Het introduceren 

van een promotor die alleen actief is in tumor cellen (een tumor specifieke promotor), kan 

gentherapie een mate van specificiteit en effectiviteit geven die onmogelijk te bereiken is met 

chemo- en radiotherapie.  

Het in de cel stoppen van het therapeutische DNA brengt echter wat problemen met 

zich mee. DNA kan niet uit zichzelf cellen binnendringen en is bovendien erg instabiel buiten 

de kern van een cel. Dit kan verholpen worden door (therapeutisch) DNA in te bouwen in 

virussen. Virussen die zodanig aangepast zijn dat ze gebruikt kunnen worden om 

therapeutisch DNA in cellen te stoppen worden ook wel virale vectoren genoemd. 
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Virale vectoren 

Een virus is niet veel meer dan een klein goed beschermd pakketje erfelijk materiaal (figuur  

1c). Dit pakketje heeft als enig doel zichzelf te vermeningvuldigen. Een virus bevat dus een 

blauwdruk om nieuwe virus deeltjes te maken, maar niet de machinerie om dit daadwerkelijk 

te doen. Om nieuwe virus deeltjes te maken heeft een virus een cel nodig (gastheercel). 

Virussen zijn dus gespecialiseerd in het beschermen en afleveren van erflijk materiaal in 

cellen, waar vervolgens nieuwe virus deeltjes gemaakt kunnen worden (figuur 1c). Als al het 

erfelijk materiaal uit een virus wordt verwijderd, verliest het de capaciteit om zich te 

vermenigvuldigen. In zo’n replicatie deficiente virale vector kan vervolgens een 

therapeutisch gen worden ingebouwd. Dit therapeutisch gen wordt dan netjes beschermd en 

afgeleverd in de kern van een cel (figuur 1d). Een alternatief is om juist niet al het erfelijk 

materiaal (genen en promotoren) uit de virussen te halen, maar om de virale promotoren te 

vervangen door tumor specifieke promotoren (figuur 1e). Dit houdt in dat virus replicatie (en 

dus vernietiging van de gastheer cel) alleen plaats vindt in tumor cellen. In deze strategie zijn 

de virale genen dus de therapeutische genen geworden. Het grote voordeel van deze methode 

is dat (in theorie) het tumor specifieke virus zich blijft vermenigvuldigen tot er geen 

geschikte gastheer cellen (dus tumor cellen) meer aanwezig zijn. 

 

Gentherapie voor cholangiocarcinoma 
Hoewel virale vector systemen heel goed zijn in het beschermen en afleveren van erfelijk 

materiaal in cellen, laat onderzoek in mensen zien dat zelfs deze virale vectoren niet in staat 

zijn om genen over te dragen aan grote hoeveelheden cellen. Dit heeft geleid tot onderzoek 

naar niet alleen de replicerende varianten van de virale vectoren maar ook naar therapeutische 

genen die een “bystander effect” vertonen. Dit houd in dat niet alleen de cel, die het 

therapeutische gen bevat, gedood wordt maar ook de omliggende cellen.  

In hoofdstuk 1 onderzoeken we twee verschillende genen: “Cytosine Deaminase en 

ATF.BPTi met een “bystander effect”, voor de behandeling van cholangiocarcinoma. Het 

cytosine deaminase gen codeert (bevat de blauwdruk) voor een eiwit dat het onschuldig anti-

schimmel medicijn 5-FC (5-fluorocytosine) om kan zetten in het veel gebruikte antikanker 

medicijn 5-FU (5-fluorouracil). 5-FU kan zich gemakkelijk door cel membranen verplaatsen. 

Het resultaat is dat na een 5-FC behandeling niet alleen de kanker cel die het cytosine 

deaminase gen ontvangen heeft dood gaat maar ook de omliggende cellen (zie ook figuur 3 

blz 38). Om na te gaan of dit goed werkt in cholangiocarcinoma cellen hebben we het gen  
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Cytosine Deaminase in vier verschillende humane galgang tumor cellijnen getest.Cellijnen 

bestaan uit tumor cellen die uit patienten zijn geïsoleerd en voor langere tijd in het lab in 

leven worden gehouden. Rekening houdend met het relatief lage percentage tumor cellen dat 

in patienten geraakt kan worden laten onze resultaten zien dat in slechts één van de cellijnen 

het bystander effect van het Cytosine Deaminase gen goed werkt (figuur 3 blz 51). 

 In tegenstelling tot Cytosine Deaminase is ATF.BPTi niet dodelijk voor cellen, maar 

het kan wel de groei en verspreiding van tumor cellen in bedwang houden. Dit gen is dus niet 

cytotoxisch (cel dodend) zoals het Cytosine Deaminase gen, maar cytostatisch (stopt de groei 

van cellen). Om te kunnen delen hebben tumor cellen ruimte nodig. Deze ruimte creëren ze 

door het eiwit plasmine op hun cel membraan te verzamelen. Plasmine kan de extracellulaire 

matrix (het cement tussen de cellen) afbreken (zie ook figuur 4a blz 39). Het ATF.BPTi eiwit 

bestaat uit twee delen die beide de werking van plasmine tegen gaan. Eén deel  blokkeert de 

plasmine bindingsplaats op de celmbraan en het andere deel inactiveert plasmine (figuur 4b 

blz 39). Cellen die ATF.BPTi produceren houden dit niet vast in de cel, maar scheiden dit 

eiwit uit. Eenmaal buiten de cel zal ATF.BPTi binden aan elke cel die plasmine probeert te 

verzamelen (bystander effect). Dit zullen niet alleen tumor cellen zijn maar ook bloedvat 

cellen wiens groei gestimuleerd wordt door de tumor cellen. ATF.BPTi blokkeerd dus ook de 

voedsel (bloed) toevoer naar de tumor cellen. In figuur 4 (blz 52) laten we zien dat 

ATF.BPTi, geproduceerd in cholangiocarcinoma cellen, inderdaad de groei van bloedvat 

cellen door de extracellulaire matrix kan stoppen. Echter wanneer we ATF.BPTi testen in een 

simpel tumor dier model, vinden we geen remming van tumor groei. Dit lijkt te komen 

doordat de tumor cellen die het ATF.BPTi gen hebben ontvangen tijdens de groei van de 

tumor verloren gaan (tabel 1 blz 53). Dit laatste kunnen we op het moment niet geheel 

verklaren maar het geeft wel aan dat het misschien verstandiger is om cytostatische genen, 

die alleen hun werk goed kunnen doen als hun expressie levenslang is, niet in tumor cellen te 

stoppen maar juist in de omliggende normale cellen. 

 De enigzins teleurstellende resultaten met deze twee therapeutische genen, heeft er toe 

geleid dat we onze aandacht hebben verplaatst naar het ontwikkelen van replicerende 

virussen om cholangiocarcinoma te behandelen. Adenovirussen (verkoudheids virus) zijn 

hiervoor uitermate geschikt. Omdat er veel bekend is over de levenscyclus van dit virus is het 

ook bekend waar er veranderingen in het virus kunnen worden aangebracht. 

Een vereiste voor het gebruik van replicerende virale vectoren voor kanker therapie is 

tumor specificiteit. Het is immers ongewenst dat het virus ook repliceert in gewone cellen (en 
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die dus dood). Een methode om dit te bewerkstelligen is het vervangen van de virale 

promotoren door tumor specifieke promotoren. In tumoren bevinden zich allerlei eiwitten die 

niet of nauwelijks aanwezig zijn in normale cellen. Dergelijke eiwitten worden ook wel 

tumor markers genoemd en worden vaak gebruikt bij de diagnose van kanker. De 

aanwezigheid van tumor markers betekent niet persé dat de bijbehorende promotor alleen 

actief is in tumor cellen. Het kan ook betekenen dat het betreffende eiwit langer overleeft in 

tumor cellen dan in normale cellen. Een goede indicatie voor het bepalen van promotor 

activiteit is de aanwezigheid van mRNA in een cel. Als een promotor actief is, betekent dit 

dat het bijbehorende gen (DNA) kan worden omgezet in mRNA (messenger ribonucleic acid; 

boodschapper ribonucleine zuur). mRNA kan gezien worden als een enveloppe of een brief 

waarin zich niet alleen een kopie van een gen, oftewel een blauwdruk, bevindt maar ook de 

opdracht om de blauwdruk te realiseren. Deze enveloppe wordt uit de kern naar het 

cytoplasma gestuurd. In het cytoplasma wordt de brief (het mRNA) uit de kern gelezen 

waarna de blauwdruk wordt gerealiseerd en het eiwit in elkaar wordt gezet (figuur 1b). 

 In hoofdstuk 2 hebben we onderzocht welke promotoren we het beste kunnen 

gebruiken om adenovirus specifiek in cholangiocarcinomen te laten repliceren. We hebben 

dit gedaan door de hoeveelheid mRNA van vijf bekende cholangiocarcinoma tumor markers 

(COX-2, CK19, Midkine, MUCI en hTERT) te bepalen in cholangiocarcinoma cellen en 

normale lever cellen. Aangezien cholangiocarcinoma’s zich in de lever bevinden is het 

belangrijk dat een replicerend virus zich niet kan verspreiden door normale lever cellen. De 

resultaten in figuur 1 blz 66 laten zien dat ook in normale cellen tumor marker mRNA 

aanwezig is, hoewel het wel veel minder is dan in de cholangiocarcinoma cellen. Als we de 

promotoren inbouwen in adenovirale vectoren en hun activiteit bepalen in cholangiocarcima 

cellen en normale lever cellen zien we inderdaad dat deze ook actief zijn in normale cellen. 

Het is echter wel zo dat twee (CK19 en hTERT) promotoren zo’n lage activiteit in normale 

lever cellen vertonen dat het goede kandidaten zijn voor verder onderzoek. 

In hoofdstuk 3 laten we zien dat het essentieel is om tumor specifieke promotoren te 

testen in de context waarin ze gebruikt gaan worden (in dit geval adenovirale vectoren). In dit 

hoofdstuk onderzoeken we de tumor specifieke activeit van de COX-2 (Cyclo-Oxygenase 2) 

promotor. De COX-2 promotor is actief in veel verschillende tumoren waaronder ook 

cholangiocarcinoma. Echter in stress situaties, zoals een ontsteking, wordt de COX-2 

promotor ook geactiveerd in normale cellen. Het is algemeen bekend dat als adenovirussen 

cellen binnen dringen, ze een ontstekingsreactie veroorzaken. Dit suggereert dat een COX-2 
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promotor ingebouwd in een adenovirale vector waarschijnlijk actief zal zijn in zowel tumor 

als normale cellen. In figuur 4 en 5 (blz 84 & 85) laten we zien dat een dergelijke “zelf 

activatie” inderdaad mogelijk is in normale levercellen. 

Het vinden van goede tumor specifieke promotoren is niet de enige voorwaarde voor 

het ontwikkelen van een effectieve replicerende adenoviral vector. Twee andere belangrijke 

punten zijn dat de gebruikte virale vector makkelijk (en het liefst ook specifiek) tumor cellen 

in kan, en dat replicatie van het virus de tumor cellen snel en efficient dood. Het maken van 

al deze veranderingen aan het adenovirus is arbeidsintensief en tijdrovend.  

In hoofdstuk 4 beschrijven we een adenovirus systeem dat het produceren van 

dergelijke virussen makkelijker maakt. Het type adenovirus (serotype 5) dat de basis vormt 

voor de meeste adenovirus systemen gebruikt de CAR receptor op cel membranen om cellen 

binnnen te dringen (figuur 1c). De CAR receptor is echter nauwelijks aanwezig op een groot 

gedeelte van de tumor cellen (figuur 1d). In ons systeem kan de buitenkant van de vector 

makkelijk aangepast worden, zodat receptoren die wel veel op tumor cellen aanwezig zijn, 

herkend kunnen worden (vergelijk 1d & 1e). Een ander punt is dat adenovirus replicatie 

welliswaar cellen vernietigd, maar dit gebeurt relatief langzaam. Dit kan verbeterd worden 

door ook in replicerende vectoren therapeutische genen in te bouwen, zoals bijvoorbeeld het 

eerder besproken Cytosine Deaminase gen (figuur 1e). Het probleem is echter dat dergelijke 

therapeutische genen toxisch zijn, waardoor de gastheer cel gedood wordt voordat de 

productie van nieuwe virus deeltjes compleet is. Dit kan voorkomen worden door deze 

therapeutische genen niet continu tot expressie te brengen, maar pas als er al voldoende 

nieuwe virus deeltjes geproduceerd zijn. Toxische genen moeten dus laat in de levenscyclus 

van het virus tot expressie worden gebracht. In ons adenovirus systeem hebben we dit gedaan 

door de activitatie van therapeutische genen te koppelen aan die van virus onderdeeltjes die 

pas in de laatste fase van de virale levenscyclus gemaakt worden. 

Ons adenovirus systeem en de geselecteerde cholangiocarcinoma specifieke 

promotoren vormen een goede basis voor de verdere ontwikkeling van gentherapie voor 

cholangiocarcinoma. Er is echter nog een lange weg te gaan en belangrijke vragen die 

beantwoord moeten worden zijn: Welke vector werkt het best en is deze veilig; Hoe geef ik 

de vector aan de patient; Met welke bestaande therapieen kan / moet gentherapie 

gecombineerd worden. 
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Abbreviations  
  
5-FC 5-fluorocytosine 
5-FU 5-fluorouracil 
  
AAV adenovirus associated virus 
Ad Adenovirus 
Ad5 Adenovirus serotype 5 
ADP Adenoviral Death Protein 
AFP α- foeto-protein 
AKG Alles Komt Goed 
ATF Amino Terminal Fragment (of uPA) 
ATF-BPTi Fusion protein of the aminoterminal fragment of uPA and the bovine pancreas trypsin 

inhibitor 
BEC primary human biliary epithelical cell (cholangiocyte) 
BPTi Bovine Pancreas Trypsin inibitor (aprotinin) 
  
CaCo-2  human colon carcinoma cell line 
CAR Coxsackievirus and Adenovirus Receptor 
CD Cytosine Deaminase 
cDNA copy DNA 
CC-LP-1 human intrahepatic cholangiocarcinoma cell line 
CC-SW-1 human intrahepatic cholangiocarcinoma cell line 
CEA carcinoembryonic antigen 
CK19 Cytokeratin 19 
CMV Cytomegalovirus 
COX-2 Cyclooxygenase 2 
COX-2L 1491 bp fragment of the human cyclooxygenase promoter 
COX-2M 942 bp fragment of the human cyclooxygenase promoter 
cppt (HIV) central polypurine tract 
CRAd Conditionally Replicating Adenovirus 
  
DF3 Mucin 1 
DNA deoxyribonucleic acid 
Dox doxcycline (= tetracycline analog) 
ds-red discosoma sp. Red fluorescent protein 
  
eGFP enhanced Green Fluorescent Protein 
emcv encephalomyocarditis virus 
ERK Extra cellular signal-regulated kinase 
  
FACS fluorescence activated cell sorting 
  
GCV ganciclovir, 9-[[2-hydroxyl-1-(hydroxymethyl)ethoxyl]methyl]guanine 
GH329 Adenovirus E1 transformed HeLa cells. Contains the adenovirus serotype 5 E1 region. 
GI gastro intestinal 
  
hATF-BPTi ATF-BPTi containing a amino terminal fragment of uPA that binds the human  uPAR 
HCC hepatocellular carcinoma 
HEK293 human embryonic kidney cell line 293. Contains the adenovirus serotype 5 E1 region. 
HEK293T human embryonic kidney cell line 293 transformed with the SV40 large T antigen. 
HER911  human embryonic retinoblastoma cell line. Contains the adenovirus serotype 5 E1 region. 
Hela human cervical cancer cell line 
HepG2 human hepatocellular carcinoma cell line 
HIV human immunodeficiency virus 
HSV-TK herpes simplex virus thymidine kinase 
HS-766T human pancreatic carcinoma cell line 
HT29 human colon carcinoma cell line 
HUVEC human umbilical vein endothelial cells 
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Abbreviations  
  
IRES internal ribosomal entry site 
  
Luc (firefly) luciferase 
  
MAPK mitogen-activated protein kinase 
mATF-BPTi ATF-BPTi containing the amino terminal fragment of uPA that binds the murine uPAR 
MK Midkine 

 
MLV moloney murine leukemia virus 
MOI Multiplicity of Infection 
mRNA messenger RNA 
MUC1 Mucin 1 (DF3) 
Mz-Cha-1 human extrahepatic cholangiocarcinoma cell line 
  
NF-κB Nuclear Factor κB 

 
NTR (E.coli) nitroreductase 
  
OE33 human oesophageal carcinoma cell line 
ONYX-015 Adenovirus serotype 5 missing the region coding for the E1B 55kDa protein. 
OTC ornithine transcarbamylase 
  
PBS Phosphate Buffered Saline 
PCR Polymerase Chain Reaction 
PFU Plaque Forming Unit 
PGE-2 Prostaglandin E2 
PGK Phosphoglycerate Kinase 
PMA phorbol 12-myristate 13-acetate 
PRE Hepatitis B virus posttranscriptional regulatory element and enhancers 
  
RCA replication competent adenovirus 
RGD Arg (Arginine) – Gly (glutamic acid) – Asp (aspartic acid) 
RNA ribonucleic acid 
rRNA ribosomal RNA 
RT reverse transcriptase 
rt-PCR real time PCR 
rtTA reverse tetracycline transactivator 
  
SAPK stress-activated protein kinase 
SCID severe combined immunodeficiency 
Sk-Cha-1 human extrahepatic cholangiocarcinoma cell line 
  
TERT (human) telomerase reverse transcriptase 
TETOCMV seven tetracycline operator segments fused to a minimal CMV promoter 
TNF-α tumour necrosis factor α 
TU Transducing Unit 
  
uPA urokinase-like Plasminogen Activator 
uPAR  urokinase-like Plasminogen Activator Receptor 
  
VDEPT virus directed enzyme prodrug therapy 
VSV-g Vesicular Stomatitis Virus glycoprotein 
Vp viral particle 
  
yCD yeast (S.cerevisiae) derived cytosine deaminase 
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Abstract 

zal het maar wat uitbreiden. Heb me overigens altijd voorgehouden dat ik een dankwoord van 

minstens tien bladzijden zou schrijven. Het spreekt denk ik voor zich dat ik dit bedacht had 

voordat ik het wetenschappelijke stukje van dit proefschrift had geschreven. Nu ik met dat 

laatste eindelijk (bijna) klaar ben bevind ik me plotseling niet meer in Europa, maar in 

Engeland… Land of Fish and Chips, Bangers and Mash, Marmite Sandwiches, Mushy peas, 

Page 3 girls en aparte warm en koud water kranen…Wat je er allemaal niet voor over moet 

hebben om een beetje gentherapie onderzoek te kunnen doen. Gelukkig is het wel zo dat ik 

hier niet afgeleid wordt door allerlij sociale verplichtingen en ik me helemaal op m’n werk 

kan richten... nou ja zodra ik dit proefschrift af heb tenminste. Ik geloof dat ik af begin te 

dwalen... Dankwoord juist. M’n punt was dat je op een gegeven moment toch een beetje 

uitgeput raakt. Mentaal bedoel ik dan, physiek doe ik uit principe niet zoveel. Dat AiO zijn 

trained wel lekker af moet ik zeggen 5 jaar verder ben ik 3 cm korter en heb ik eindelijk mijn 

ideale gewicht v. 50 kg gehaald. Dat uitgebreide erg grappig dankwoord zit er dus helaas niet 

meer in. Gemakzuchtig als ik ben heb ik gekosen voor het veel te lange, onzamenhangende, 

maar goed bedoeldde dankwoort... dat rijkelijk gevult is met moeilijke woorden waar ik de 

betekenis niet van kan. Het spreekt voor zich dat het vol taal en gramattika fouten is... dit is 

namelijk het enige stuk dat niemand “proof-leest’’.  
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1. Introduction 

 

Dit laatste verklaard natuurijk ook dat al dit ongecoherneerde gebrabbel tot nu toe toch wel 

doordrenkt is met zelfmedelijden en een beetje frustratatie (1). Verder verklaart het ook de 

telkens terug komende herhalingen. Gemakzuchtig als ik ben heb ik gekosen voor het veel te 

lange, onzamenhangende, maar goed bedoeldde dankwoort... dat rijkelijk gevult is met 

moeilijke woorden waar ik de betekenis niet van kan (2). Het spreekt voor zich dat het vol 

taal en grammatica fouten is... dit is namelijk het enige stuk dat niemand proof-leest (3). Dit 

laatste verklaard natuurijk ook dat al dit ongecoherneerde gebrabbel tot nu toe toch w Verder 

verklaard het ook de telkens terug komende herhalingen. Het lijkt me het makkelijkst om het 

maar gewoon in chronoligise... chronole, grono, Grolsch...(4,5). Het lijkt me het makkelijkst 

om bij het begin te beginnen. Het begon allemaal ongeveer 353437581571200000000 

seconden geleden (6). Om een lang verhaal kort te maken, een hele tijd gebeurde er niet 

zoveel bijzonders tot ongeveer 3692160450342 seconden geleden, en daarna ging het snel 

met noemenswaardige hoogtepunten ongeveer 1767187907856, 1735630980930, 

915150880854 

en 694252392372 seconden geleden. Om de vaart erin te houden wil ik hier niet 

verder op in gaan maar gaan we meteen door met een ander noemenswaardig tijdstip 

ongeveer 157784634630 seconden geleden gebrabbel tot nu toe toch wel doordrenkt is met 

zelfmedelijden en een beetje frustratatie (1). Verder verklaart het ook de telkens terug 

komende herhalingen. OOOokay dit slaat allemaal een beetje nergens op. Maar goed we zijn 

wel al weer een pagina verder... Ondanks practische en morele steun van zo ongeveer 

iedereen die ik ken, heb ik het einde van dit AiO gedoe toch altijd een beetje somber 

ingezien. Zelfs nu dit AiO project eindelijk tot zijn eind komt heb ik nog steeds het gevoel dat 

er meer in zat. Aan de andere kant kan ik niet ontkennen dat het werk in dit boekje er toch 

wel erg aardig uitziet. 

Natuurlijk was dit nooit gelukt zonder een hoop hulp & gezelligheid van een stel fijne 

collega’s. En hoewel een foto meer zegt dan 1000 woorden jadie jadie bla bla etc etc... wil ik 

toch een “paar” mensen noemen (1-33). Per slot van rekening zijn de meeste van jullie toch 

een beetje groter dan ik. Het begon natuurlijk allemaal met een solliciatiegesprek. De eerste 

mensen die ik tegen kwam toen ik het SLIK... SLIC... SLICC...experimentele hema... toen ik 

het lever lab opliep waren Johan en Rudi. Het heeft even geduurd maar door de jaren heen 

heb ik ontdekt dat ze toch wel vrij makkelijk uit elkaar te houden zijn. Johan is die ene die 
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iedereen aan de drank probeert te krijgen en Rudi is die ene die altijd zo fluistert (en soms z’n 

biertje niet kan binnen houden) (4,5,7,8) . Het  

 

2. Material & Methods 

 

sollicitatiegesprek werd gehouden in een van die kleine AMC converen, konferen, koffer, koffie 
kamertjes, waar ik kennismaakte met Piter, Conny** en Bert (volgens de spellingscontrole: Bieder, 
Pony en Bert). Gelukkig waren er niet zoveel kandidaten en stond ik al vrij snel na het gesprek op ’t 
lab. Piter, het zag er allemaal toch best wel goed uit. Een project waar in eerste instantie (in)direct 
toch wel een hoop mensen bij betrokken waren. Door omstandigheden is het allemaal een beetje 
anders gelopen. Ik had bijvoorbeeld van te voren nooit kunnen bedenken dat het zo lang zou duren om 
mezelf een klein beetje bekend te maken met het ABC van de gentherapie (1). Beetje raar om te 
zeggen, maar het is fijn om te weten dat ook jij, af en toe (eventjes), moeite had om te zien hoe het 
nou verder moest. Als m’n baas (moeilijk woord: co-promotor) heb je natuurlijk ook een flinke hand 
gehad in het feit dat de rest van dit proefschrift een stuk gestructureerder en begrijpelijker is, dan dit 
dankwoord. Conny, we hebben elkaar na het sollicitatiegesprek een tijdje niet meer gezien. Hetgeen 
mij ruimschoots de tijd gaf om een zooitje te maken van je bureau en je labtafel. Toen je weer present 
was hebben we (helaas) lange tijd niet zoveel samengewerkt. Later heb ik dit ruimschoots goed 
gemaakt door je op te zadelen met allerlei niet zo succesvolle, maar natuurlijk wel arbeids intensieve, 
projecten. “Lightcyclen op die luciferase samples?, gebruik dat sup maar gewoon. Doe ik ook voor 
het doormeten”.... “Oh het werkte niet?, doe alles maar nog een keer maar phenol ze eerst effe”... 
Sorry Sorry Sorry (2,3). Gelukkig heb ik je, na het laatste nippertje, ook met werk opgezadeld waar 
wel aardige dingen uit zijn gekomen. Je waardevolle bijdragen zijn in elk hoofdstuk van dit 
proefschrift terug te vinden (9). Verder ben ik je natuurlijk ook dankbaar dat je me kennis hebt laten 
maken met Calvin, Casper, Hobbes en die tijger (10). Terwijl ik Conny’s labtafel aan het verbouwen 
was heb ik ook Marianne leren kennen, die na hetvertrek van Chris (en af en toe afgelost door Michel) 
een essentiële rol heeft gespeeld in een van mijn “core”bezigheden op het lab:“geld uitgeven” (11). 
Aan de basis van  
 
dit nogal “controversiële” gedrag stonden  
Berry, John en Jurgen die me aan twee geldverslindende bezigheden hebben geïntroduceerd: de cel 
kweek en de virus productie. John, jij hebt me geïntroduceerd in de wereld van de adenovirale 
gentherapie. Dankzij jou heb ik met zo ongeveer alle facetten van de adenoviral gentherapie 
kennisgemaakt. Hoewel ik me lange tijd heb laten afleiden door dat nogal “gehypte” lentivirus, is het 
me uiteindelijk duidelijk geworden dat die adenovirussen toch wel erg interessante mogelijkheden 
hebben. Was ik maar zo slim geweest om eerst dat klonerings systeem te maken en daarop verder te 
bouwen. Jurgen jij hebt me geïntroduceerd in de wereld van de lentivirale gentherapie (12). Ondanks 
het feit dat ik me lange tijd heb laten afleiden door dat nogal “ouderwetse” adenovirus, is het me 
uiteindelijk duidelijk geworden dat die lentivirussen toch wel erg interessante mogelijkheden hebben. 
Ze kunnen je namelijk een nieuwe baan bezorgen. Het resultaat is dat de start van mijn nieuwe baan 
vrijwel identiek is aan de start van m’n AiO-schap: Lentivirus bouwen. 
 

Table 1: Something 
  Percentage of something 
Cell line Transduced with Before something After Christmas 
Straight Nothing 0.1 + 0.1* 200.0 (#) 
Curved Irrelevant control 1.8 + 1.1* 2.0 + 0.5 
The letters in the table on page 64 are way too small. * Denotes a significant difference in the percent of 

something transduced cells before and after Christmas on athymic nude platypuses (p < 0.05). # = tic tac toe 
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We zullen zien hoe het deze keer afloopt. Zodra het grote geld begint binnen te stromen ben je de 
eerste die het hoort. Voorlopig hebben we nu wel genoeg oude mensen gehad. Astrid, je bent de eerste 
AiO die ik tegen kwam, Nou ja dat was eigenlijk Rik geloof ik,met wie ik nog samen dat AdEasy 
systeem heb opgezet. Okay, je was de eerste AiO die ik tegen kwam op het lab die er niet halverwege 
genoeg van had, en iets heel anders is gaan doen. Dit laatste, en het feit dat we het concept weekend 
toch nooit helemaal hebben begrepen, betekent dat je zonder twijfel de persoon bent met wie ik de 
meeste tijd heb doorgebracht op het lab. Gelukkig hebben we precies hetzelfde karakter en 
konden/kunnen we best goed met elkaar opschieten... nou ja misschien klopt dat laatste niet 
helemaal...van dat karakter bedoel ik dan. In ieder geval hebben we beide onze eigen aparte manier 
van met stress om gaan. Ik had altijd al m’n vermoedens, maar jij hebt me duidelijk gemaak dat er 
inderdaad veel meer in muziek land aanwezig is dan de kruiden meisjes en christina aquarella (13). 
Verder ben je met stip de winnaar van de “luister naar Michael klagen” trofee. Nou ja, als ik eerlijk 
ben moet je die misschien wel delen met Tanja**. Nou ja eigenlijk ook nog met Conny... en met 
Edwin...en Raoul...  Niek, Leon, David, Piter, Annemiek, Cindy...//.... m’n tante m’n ouders en mijn 
broertje.... onder anderen. Maar ik dwaal wederom af. Ik zal ’t verder maar niet hebben over al die 
mailtjes die ik  
 
Statistics 
je toestuur, want dan  gaan mensen weer rare dingen denken... krijg ik weer zo’n slechte naam... (14) 
 

3. Results 

 

Snap nog steeds niet waarom  

 

ik zo’n rare kalender heb gekregen toen ik wegging...maar dat is weer een heel ander verhaal 

(15). En als we het over muziek hebben komen we natuurlijk automatich terecht bij post-

rocker en tegen woordig pre(natal) brave huisvader (7,16). Coen, ik zal bij deze ook maar 

meteen bekennen dat ik die moderne bard vertaling van jou heb gejat. Ik hoop dat dit geen 

invloed heeft op die “acknowledgement” die je me had belooft in je eerst volgende Science 

artikel. Nu we het toch over muziek hebben komen we ook weer terecht bij onze wandelende 

popsong muziek teksten persoon, Tanja en voor de Nederlandse vertalingen voegen we ons 

natuurlijk bij Cindy & Annemiek.... Maar nu weer terug naar wat oude mensen (2). Tijdens 

de avond diensten maakte ik al snel kennis met Christoph (bij wie we de enige labdag zonder 

water hebben doorgebracht) en Milan (die altijd van die geweldige Oostblok verhalen had 

voor bij het bier drinken) (4,5). Nadat Conny haar bureau & labtafel weer terug had veroverd, 

kreeg ik een nieuwe plek op het lab waardoor ik Kam, Elaine, Saskia en Willem wat beter 

leerde kennen, en volgens mij liep Raoul daar ook af en toe rond (17). Dat brengt me dan 

weer bij een toch wel hele fijne periode op het lab, namelijk de half-life sessies (18). Niets 

lucht per slot van rekening meer op dan je collega’s af en toe te lijf gaan met een koevoet (1). 

Helaas was het slechts van korte duur en al snel werden we, uit veiligheidsoverwegingen, uit 
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het AMC getrapt en wat dichter bij psychiatrie geplaatst. Zo’n nieuw gebouw komt natuurlijk 

altijd met een paar van die opstart probleempjes, maar al snel werd het continu aflopen van 

alle stoppenkasten routine, en na verloop van tijd dooft dat geluid van al die snerpende 

alarmpjes vanzelf uit (7,19). Qua AiO kamer was het een hele verbetering. Plotseling hadden 

we echte stoelen, bureau’s, ramen en een verwarming (die het in de avond nooit deed). Zoals 

gezegd heeft deze verhuizing wel geleid tot een nogal terminale afname van het aantal half-

life sessies. Op therapeutische basis heb ik, bij Edwin thuis, nog wel een paar keer enkele van 

m’n favoriete (ex)collega’s door hun kop geschoten... maar het was gewoon “too little too 

late” (20). Het gebrek aan computergeweld begon al te leiden tot zware depressies... Hoewel, 

nu ik er over nadenk, was er op het eind niet echt een gebrek aan computergeweld (of geweld 

jegens computers) (1,7,18). En nu we het toch over dierexperimenten hebben moet ik 

natuurlijk even stil staan bij dat mooie representatieve lentivirus tumor transductie plaatje op 

blz 111. Dit plaatje kwam als volgt tot stand: Roel en Norbert induceren tumoren op de 

muizen,  

 

de vriendelijke mensen van  

 

het dieren verblijf spuiten (dubbel blind) virus in, Norbert hakt de tumoren er weer uit, 

Willem zorgt dat ’t spul wordt ingebed / gesneden en Saskia doet de GFP kleuring. Ging alles 

maar zo makkelijk. Als we het over dieren hebben moet ik natuurlijk ook altijd aan Cindy 

denken (21). Niet alleen omdat die altijd als een gracieuze lichtvoetige gazelle door de gang 

huppelde maar natuurlijk ook omdat ze de meest beminnelijke, geschikte, goede, minzame, 

sympathieke, vriendelijke, charmante, innemende, leuke, grappige, amusante, knappe, 

aantrekkelijke, aangename, spontane, sexy, sensuele, deskundige, gekwalificeerde, 

professionele, vakkundige, modieuze en trendy persoon op deze planeet is... die me ooit 

geholpen heeft bij m’n dier experimenten (Sorry Niek). Het is dan ook niet raar dat Roos zo 

snel na haar afscheid alweer terug was op het lab (en laten we nou eerlijk zijn dat CSI is toch 

wel een van de domste series die ik ooit heb gezien) (22). Inmiddels is dat idee van de 

chronologische volgorde een beetje zoek. Ga maar gewoon verder met het eerste wat me te 

binnen schiet...of misschien kan ik beter verder gaan met “Tring” het noemen van wat 

lotgenoten (1). Annemiek Ik ben er nog steeds niet overheen dat er bij m’n afscheids borrel 

niet “Tring Tring” eens één traantje van af kon. Ben dus ook niet van plan je uitgebreid te 

gaan bedanken voor wat dan ook. Ik bedoel, kom 

147 



Not 

y = -1E-10x3 + 6E-05x2 - 11.698x + 770689
R2 = 0.1788
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Figure 1: A lot of diamond shaped dots and a curved line. Bunch of numbers on the X-axis (transducing 
units) and a bunch of smaller numbers on the Y-axis (cm). “natuurlijk” sixteen times. 
 

op zeg, Norbert en Raoul “Tring Tring Tring” gaan weg en je huilt tranen met tuiten, en met 

die heb je niet eens een kantoor gedeeld.... “Tring”... (7,9)  

 

“Tring.... Tring” 

 

Hey Niek, tegen de tijd dat je dit leest zijn die drie maanden van je al (bijna?) voorbij. Hoop 

dat het je gelukt is om zoveel mogelijk af te krijgen. Hoe langer je door gaat hoe moeilijker 

het wordt.. is mij verteld. Pas je een beetje op met die rare obsessie van je (23)? Maak ik me 

toch wel een beetje zorgen over. David, net als ik, heb je altijd een erg positieve kijk op de 

wereld (24). Misschien ben je wel een tikje positiever dan ik, maar het is natuurlijk geen 

wedstrijd... overigens, ik ben wel de eerste die z’n promotie onderzoek af heeft... Leon, heb 

begrepen dat je huidige job je een stuk beter bevalt dan dat “altijd” frustrerende AiO gedoe 

(1,17). Vond ’t wel jammer toen je weg ging, was namelijk niemand meer om magnetron 

maaltijden mee te gaan halen. Beetje hetzelfde als toen Raoul wegging... moest ik plotseling 

zelf koffie gaan halen. Astrid, je bent de eerste AiO die ik tegen kwam, Nou ja dat was 

eigenlijk Rik geloof ik, met wie ik nog samen dat AdEasy systeem heb opgezet. Okay, je was 

de eerste AiO die ik tegen kwam op het lab die er niet halverwege genoeg van had, en iets 
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heel anders is gaan doen. Dit  laatste, en het feit dat we het concept weekend toch nooit 

helemaal hebben begrepen, betekent dat je zonder twijfel de persoon bent met wie ik de 

meeste...met een meloen... en twee batterijen (15). Wacht even dit heb ik al eerder 

besproken... Andere Astrid, die met die dikke buik (25). Jij bent die ene AiO die wijselijk uit 

de met doemdenkers, zoals ik, gevulde AiO kamer is gebleven, en volgens mij pakt dat best 

goed uit. Tegen de tijd dat ik dit proefschrift (eindelijk) moet verdedigen ben jij ook al bijna 

klaar. Wauw! Pablo. Although we had sort of the same working hours, we didn’t actually talk 

that much (probably because we were working). If we did talk it was usually me complaining 

about stuff. Don’t worry that wasn’t your fault, I complain to everybody. Anyway I did figure 

out that you become a lot more talkative after consuming some beer (4,5). So how’s your 

acting carreer going? Lee Alie Singhalong, jij bent de enige bij wie ik zowel de voor als de 

achter naam noem. Heb namelijk  

 

4. Discussion 

 

nooit echt goed begrepen wat wat is. Om maar te zwijgen over dat MLAL (26). Waar komt 

dat nou weer vandaan? Zoals beloofd zal ik geen karaoke grapjes maken... Anyway je was de 

beste (en enige) student die ik heb mogen begeleiden. Dat verslag van je heeft wel lang op 

zich laten wachten, maar uiteindelijk is het allemaal toch goed gekomen (27). Ik kan wel 

zeggen dat je over ijverigheid mooi compenseerde voor mijn eigen luiheid (I love my job, it’s 

the work I hate). Als je ooit AiO wordt raad ik je echter wel aan om het iets rustiger aan te 

doen, zes maanden is iets anders dan vijf jaar (2). Tanja, er is door vele anderen al op 

verschillende erg... creatieve manieren duidelijk gemaakt dat je naast een goede AiO ook een 

fijne collega bent (28,29). Ik kan daar eigenlijk weining aan toevoegen. Ik hou het simpel: Je 

bent een van de aardigste meest behulpzame mensen die ik ken, en het was best leuk om 

tegenover iemand te zitten die nog in halfvolle glazen gelooft (23). Moet natuurlijk ook “je 

vrienden” Ruurdtje, Lysbeth, Aniska en al die andere BALletjes bedanken, die net als jij 

altijd bereid waren mij te voorzien van hamlapjes en humane biopten / cellen / RNA etc (30). 

Vooral dat humane spul was essentieel om zowel hoofdstuk 2 als 3 rond te krijgen. Willlem, 

ie ie ie ie, jamie jamie, Uh Uh uh, Ie. beep beep manta manta broem broem (4,5). 

Koert, als het lastig is om aan normale leverbiopten te komen dan is het nagenoeg onmogelijk 

om aan cholangiocarcinoma materiaal te komen. Zonder je alertheid bij al die “wip dingen” 

had ik hoogst waarschijnlijk nooit genoeg materiaal bijelkaar gekregen om hoofdstuk 2 een 
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beetje behoorlijk af te ronden. Verder bewonder ik je uithoudingsvermogen met al mijn 

“simpele, effe snel” klonerings-strategieen en adviezen (31). Mike, je ben een beetje de 

laatste mohikaan (5). Er lopen per slot van rekening niet echt veel adenovirale kanker gen 

therapeuten rond op het lab (31). Maar ik denk dat als je doet wat ik niet gedaan heb 

(focussen) en Jan niet te veel afbeult, ’t allemaal wel goed moet komen. Promoveren gaat 

natuurlijk vrij lastig zonder promotor. Ronald, ik heb een beetje het idee dat gentherapie toch 

niet echt je ding is (32). Volgens mij vindt je het veel interressanter om grote hoeveelheden 

knock-outs te produceren & te analyseren. Desondanks heb ook jij een belangrijke rol 

gespeeld in het samenhangender en duidelijker maken van het wetenschappelijk deel van dit 

proefschrift. Verder heb je me ook attend gemaakt op allerlei van die kleine foutjes die Piter 

altijd mist zoals woord verwisselingen en m’n, willekeurig, gebruik van, komma,s’ (33). 

Promoveren is overigens ook lastig zonder het reserveren van een promototie datum. Mona, 

heel erg bedankt voor het regelen van al dat promotie-gedoe. Vooral het feit dat het je gelukt 

is om iemand in die kerk te bereiken, bewonder ik zeer. Tot slot wil ik natuurlijk ook m’n 

vrienden van de “werkelozen bank” bedanken voor het duurste kopje thee dat ik ooit heb 

gedronken (2,3). 

 

Acknowledgements 

Film en televisiekunde, dat leek me wel wat toen ik iets van tien jaar geleden een studie 

moest kiezen. Al snel bedacht ik me dat als ik ooit die zwaar overbetaalde vaste baan wil 

bemachtigen, ik misschien beter iets anders kon gaan doen. Het werd dus Medische 

Biologie... en vreemd genoeg, heb ik daar nog steeds geen spijt van. Dit was ongetwijfeld 

anders geweest als ik niet zoveel aardige mensen, goede wetenschappers en ook nieuwe 

vrienden was tegenkomen in dat Academisch Medisch Centrum Lever Centrum. Mis vooral 

de AiO kamer en iedereen die af en toe wat snoep doneerde. 

Rest me nog om m’n vrienden en familie, vooral m’n ouders en m’n broertje te 

bedanken. Al deze mensen zaten namelijk, tijdens dit af en toe toch wel zware AiO-schap, in 

hun vrije tijd met me opgescheept. 

 

En dat was het dan... “basically”, 

 

Cheers! 

 

150 



Chapter 8 

References 
 

 (1)  Toews JA, Lockyer JM, Dobson DJ, Brownell AK. Stress among residents, medical students, and 
graduate science (MSc/PhD) students. Acad Med 1993; 68(10 Suppl):46-8. 

 (2)  Robin ED. The evolutionary advantages of being stupid. Perspect Biol Med 1973; 16(3):369-80. 

 (3)  Hostettmann-Kaldas M, Nakanishi K. Moronic acid, a simple triterpenoid keto acid with antimicrobial 
activity isolated from Ozoroa mucronata. Planta Med 1979; 37(4):358-60. 

 (4)  Bier E. [Drink milk and become more stupid]. Ugeskr Laeger 1998; 160(39):5678-9. 

 (5)  Harper C, Kril J. If you drink your brain will shrink. Neuropathological considerations. Alcohol Alcohol 
Suppl 1991; 1:375-80. 

 (6)  Krauss LM, Chaboyer B. Age estimates of globular clusters in the Milky Way: constraints on cosmology. 
Science 2003; 299(5603):65-9. 

 (7)  Muntz HR. The use of silly putty as an ear plug. Arch Otolaryngol Head Neck Surg 1995; 121(3):354. 

 (8)  Seidenberg R, Papathomopoulos E. Sophocles' Ajax-a morality for madness. Psychiatr Q 1961; 30:404-
12 

 (9)  Reid J. Getting the massage across. Nurs Times 2001; 97(15):26. 

 (10)  Spitz EH. Calvin and Hobbes: postmodern and psychoanalytic perspectives. Psychoanal Rev 1993; 
80(1):55-82. 

 (11)  Cholewa OM. Using Lego bricks to cast horizontal electrophoresis gels. Biotechniques 1995; 19(2):206-
7. 

 (12)  Yabsley C. 'Wishing you well'. Nurs Times 1990; 86(17):16-7. 

 (13)  Bell S, Williamson S. The Spice Girls--are they relevant to anaesthesia? Anaesthesia 1997; 
52(12):1240. 

 (14)  Wilcoxon F. Individual Comparisons by Ranking Methods. Biometrics 1945;(1):80-3. 

 (15)  Martinez LJ. How good does your virus look in a bikini? Or, does viral fitness matter? Res Initiat Treat 
Action 1999; 5(4):15-7. 

 (16)  Rose V, Moloney D, Fleming AN. The bra-strap injury: should men have lessons? Br J Plast Surg 2002; 
55(2):179-80. 

 (17)  Haring M, Peng X, Brugger K et al. Morphology and genome organization of the virus PSV of the 
hyperthermophilic archaeal genera Pyrobaculum and Thermoproteus: a novel virus family, the 
Globuloviridae. Virology 2004; 323(2):233-42. 

 (18)  Sheynkin Y, Jung M, Yoo P, Schulsinger D, Komaroff E. Increase in scrotal temperature in laptop 
computer users. Hum Reprod 2005; 20(2):452-5. 

 (19)  Dopson L. Legionnaire's disease: faulty towers. Nurs Times 1986; 82(8):19-20. 

 (20)  Hendrix J. The big chill. Chiller integration puts the freeze on energy costs. Health Facil Manage 1997; 
10(7):34-6. 

 (21)  Pounsford M, Rowland D. All singing, all dancing. Health Serv J 1991; 101(5276):26-7. 

 (22)  Oxley JC, Smith JL, Kirschenbaum LJ, Shinde KP, Marimganti S. Accumulation of explosives in hair. J 
Forensic Sci 2005; 50(4):826-31. 

. 

151 



Fin 

 (23)  Charlesworth D, Charlesworth B. Sex chromosomes: evolution of the weird and wonderful. Curr Biol 
2005; 15(4):129-31. 

 (24)  Held BS. The tyranny of the positive attitude in America: observation and speculation. J Clin Psychol 
2002; 58(9):965-91. 

 (25)  Rozin P, Levine E, Stoess C. Chocolate craving and liking. Appetite 1991; 17(3):199-212. 

 (26)  Lilla JA, Vistnes LM. Long-term study of reactions to various silicone breast implants in rabbits. Plast 
Reconstr Surg 1976; 57(5):637-49. 

 (27)  Liaschenko J. Death: can Monty Python do what philosophers can not? Nurs Philos 2005; 6(3):159-60. 

 (28)  Aronson SM. Navel encounters. Med Health R I 1996; 79(1):8. 

 (29)  Baraban RS. More than a "pretty face". Food Manage 1987; 22(9):254-60. 

 (30)  Goldman PM. Patent pending. The challenges of bringing an invention to market. Minn Med 1999; 
82(9):29-31. 

 (31)  Goodman L. Viral star wars. J Clin Invest 2004; 113(5):649. 

 (32)  Raylu N, Oei TP. The gambling urge scale: development, confirmatory factor validation, and 
psychometric properties. Psychol Addict Behav 2004; 18(2):100-5. 

 (33)  Safir A, Loupe D, Naccari ES, Fitzgerald AJ. A multipurpose low-vision aid. Am J Ophthalmol 1983; 
95(2):243-5. 

 (34)  Dexter TM. Eulogy: Leslie James Fairbairn 1959-2005. Molecular Therapy 2005; 12(5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

**Paranimf “dress code”: blz 130 

152 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


