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Prostate cancer gene therapy based on an 
adenoviral vector with tissue specific expression

Angelika Danielsson

Sammanfattning

Prostatacancer är den vanligaste formen av cancer hos män i västvärlden. Metastaserad 
prostatacancer kan inte botas men om cancern upptäcks innan den spridit sig utanför 
prostatakörteln är kirurgi eller strålterapi vanliga behandlingsmetoder. Nackdelar med 
dessa metoder är att närliggande vävnad ofta blir skadad och återfallsrisken är stor eftersom 
det är svårt att få bort alla cancerceller. Behovet av nya behandlingsformer är därför stort. 
Genterapi med adenovirus är en kompletterande metod för att förbättra resultaten vid 
behandling av lokaliserad prostatacancer.

En adenovirusvektor med en prostataspecifik aktiverare eller promotor som skyddas av 
en insulator har tidigare utvecklats. Insulatorer är DNA-sekvenser som har förmåga att 
skydda uttryck av gener från olämpliga signaler i dess omgivning, till exempel kondenserat 
kromatin och genreglerande enhancerelement. H19-insulatorn som användes i den 
framtagna vektorn skyddar den prostataspecifika promotorn från interfererande signaler 
som tros komma från adenovirus DNA uppströms om promotorn. Problemet med denna 
insulatorsekvens är att den är väldigt lång vilket gör att den maximala kloningskapaciteten 
av vektorn är nådd. 

Syftet med examensarbetet var att undersöka om det finns kortare insulatorer som 
fungerar lika bra som H19 med avseende på uttrycksnivå och vävnadsspecificitet. Två 
adenovirusvektorer med olika insulatorer, HS4-insulatorn och en kortare variant av H19-
insulatorn, konstruerades med hjälp av AdEasy™ vektor systemet. Luciferas användes 
som reportergen för att på ett enkelt sätt detektera uttryck. Den korta H19-insulatorn 
visade sig vara bättre än den långa H19-sekvensen, den gav ett dubbelt så starkt uttryck i 
prostatacancercellinjer medan uttrycket i icke-prostatacellinjer var på bakgrundsnivå. Vi 
kommer därför att använda den korta H19-insulatorn i kommande adenovirusvektorer. 

Examensarbete 20 p, Molekylär bioteknikprogrammet

Uppsala universitet april 2005
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Abbreviations

Ad                               Adenovirus
Amp Ampicillin
AR Androgen receptor
cDNA complementary DNA
CMV Cytomegalovirus
CTCF      CCCTC binding factor 
FFU Fluorescence forming unit
GSTP Glutathione S-transferase 
HS4                        HS4 insulator
Igf2                              Insulin growth factor 2
ITRs Inverted terminal repeats
Kan                                Kanamycin
kb                                   kilobases
kDa                            kiloDalton
LITR                            Left inverted terminal repeat
loH19 long H19 insulator
LUC Luciferase
MSR1 Macrophage scavenger receptor 1
Ori  Origin of replication
PPT               PSAe + PSMAe + TARPp
PSA Prostate specific antigen
PSAe PSA enhancer
PSMA Prostate specific membrane antigen
PSMAe PSMA enhancer
PTEN  Phosphatase and tensine homologue
RITR   Right inverted terminal repeat
RNASEL 2’-5’-oligoadenylate-dependent ribonuclease L
shH19 short H19 insulator
TARP T cell receptor γ-chain alternate reading frame protein
TARPp TARP promoter
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1 Introduction

1.1 Prostate cancer

1.1.1 Epidemiology
Prostate cancer is the most common cancer among men in Europe and the USA and the 
third most common cancer in the world [1]. In Sweden in 1999, the reported new cases of 
prostate cancer were 7355 which corresponds to 31.5% of all cancer in men. This form of 
cancer also causes the most cancer-related deaths among men in Sweden even though the 
prognosis is quite good. The disease is not often diagnosed in men younger than 50 years 
of age but is common from the age of 70 [2]. Established risk factors for prostate cancer 
are ethnic origin, age, family history (inherited prostate cancer susceptibility genes) and 
increased levels of insulin growth factor [1]. 

1.1.2 Prostate carcinogenesis, detection and treatment
Most prostate cancer develops at the peripheral zone of the prostate and there are usually 
no symptoms until the cancer has spread outside the capsule [3]. Common methods to 
detect prostate cancer are rectal palpation and transrectal ultrasound. Enhanced level of 
prostate specific antigen (PSA) in blood samples is also an indication of prostate cancer. 
The final diagnosis is established by biopsy of prostate tissue [2]. The current therapies 
for localized prostate cancer are radical prostatectomy, external beam irradiation and 
brachytherapy. However, the risk for relapses is big since it is difficult to remove every 
single cancer cell and surrounding tissue is often injured. There is no curative treatment for 
metastatic prostate cancer, but the growth of cancer cells can be suppressed by hormonal 
withdrawal for up to two years until the cancer emerge to androgen-independence [3]. 

1.1.3 Molecular pathogenesis
Prostate cancer has the highest heritability (42%) of all human cancers according to 
twin studies [1]. There are several susceptibility gene candidates, for example RNASEL 
and macrophage-scavenger receptor 1 (MSR1). RNASEL is suggested to be a tumor 
suppressor gene since it is involved in regulation of cell proliferation and apoptosis. 
Common alterations in this gene are base substitutions and a four-base deletion. The 
MSR1 gene encodes subunits of a macrophage-scavenger receptor that is involved in 
recognition of infectious agents. Base alterations in this gene lead to increased sensitivity 
to severe infections with both bacteria and viruses [3]. However, the RNASEL and MSR1 
genes together with other susceptibility genes account for only a few of the familial cases. 
Most of the hereditary incidences seem to be due to polymorphism in genes that regulate 
prostate development and function [1]. The most studied polymorphism in prostate 
cancer is polyglutamine (CAG) repeats in the androgen receptor (AR). Shorter repeats 
are associated with increased AR transcriptional activity and thus an increased risk for 
developing prostate cancer. Here, also the ethnicity comes in because Afro-Americans 
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tend to have shorter repeats and a higher risk of prostate cancer whereas Asians tend to 
have long repeats and a lower risk of prostate cancer [3].

Like most sporadic cancers, somatic prostate cancer is a consequence of genetic 
alterations such as mutations, deletions, amplifi cations and chromosomal rearrangements 
as well as of epigenetic changes (Figure 1.1). GSTP1 is a gene that encodes glutathione 
S-transferase (GSTP), which function is to defend prostate cells against genomic damage. 
In more than 90 % of prostate cancer and 70 % of prostatic intraepithelial neoplasia this 
gene is inactivated because of hypermethylation of a CpG island in the regulatory region 
of the GSTP1 gene. The absence of GSTP leads to increased genomic instability that is a 
requirement for carcinogenesis. Since hypermethylation of GSTP1 is common in prostate 
cancer and neoplasia it could be used as a diagnostic marker [3, 4]. The NKX3.1 gene is a 
homeobox gene that encodes a transcription factor that represses expression of the prostate 
specifi c antigen (PSA) gene. The loss of 8p21 where NKX3.1 is located, is common and 
occurs at an early stage of the disease [3]. PTEN is a tumor suppressor gene encoding a 
phosphatase that regulates signal transduction pathways. The level of PTEN is decreased 
in prostate cancer due to allelic losses and mutations which promotes cell survival [3, 
4]. p27 is a cyclin-dependent kinase inhibitor that is encoded by the CDKN1B gene. 
Reduced level of p27 is common in prostate cancer and is a result of allelic losses and loss 
of PTEN function since PTEN downregulates the signaling pathway that suppresses p27. 
Alterations in CDKN1B are associated with poor prognosis [3]. The tumor suppressor 
gene p53 is mutated in several human cancers as well as in advanced prostate cancer. p53 
regulates the cell cycle and upon DNA damage either induces cell cycle arrest for DNA 
repair or induces apoptosis. Thus, loss of p53 function increases cell survival [4]. 

Figure 1.1 Molecular pathogenesis of prostate cancer.
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At a late stage of disease when the cancer has become metastatic patients are usually 
treated with androgen withdrawal as described previously. However, the cancer will 
eventually emerge to androgen-independent because of amplification and mutations in 
the androgen receptor [3, 4]. 

1.2 Gene therapy

1.2.1 Overview 
Gene therapy can be used to replace a defect or missing gene in monogenetic diseases 
like severe combined immunodeficiency (SCID)-X1 and cystic fibrosis that are caused by 
mutations in the γc cytokine receptor and in a membrane chloride channel, respectively 
[5, 6]. The approach is simply to deliver the correct gene. The first successfully clinical 
trial with gene therapy was the treatment of two SCID-X1 patients in 2000 that were 
cured from disease [6]. However, later on it was discovered that 2 out of so far 14 treated 
patients developed T cell leukemia as a cause of insertional mutagenesis. The retroviral 
vector used was in both cases integrated close to the promoter of the same proto-oncogene, 
causing its upregulation [7].

Gene therapy is also a promising tool for the treatment of cancer but the approach differs 
somewhat from the one used for monogenetic diseases. Instead of replacing a defective 
gene (since there are often several genes that are mutated in cancer cells) a “therapeutic 
gene” is delivered whose protein product in some way kills the cancer cell. There are 
mainly two different strategies to achieve this: the first is to use an oncolytic virus or a 
viral vector containing a therapeutic gene such as a suicide gene to directly kill the infected 
cells. The second system involves a vaccination that activates the immune system against 
tumor cells [5, 8]. To achieve specific gene expression in target cells and nowhere else, 
tumor- or tissue-specific promoters are often used [8]. 

There are different strategies for gene delivery: in vivo or ex vivo and the transfer vector 
can be of viral or non-viral origin. In vivo delivery means that the genetic material is 
directly transferred to the target tissue by infusion or injection. In the ex vivo method 
the transfer of DNA is done to cells in vitro and then transplanted to the patient. This 
approach is suitable for treatment of some genetic disorders and dementia but when it 
comes to cancer the in vivo strategy is more appropriate [5]. Since viruses have evolved to 
integrate their genetic information into living cells, viral vectors are much more efficient 
both in delivery and expression of transgenes than non-viral vectors [9]. Synthetic, non-
viral DNA delivery systems are for example microinjection, electroporation and the use 
of chemicals such as liposomes or calcium phosphate [10].
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1.2.2 Adenoviral vectors
Adenoviruses have been widely used as gene transfer vectors in treatment of both genetic 
disorders such as cystic fibrosis and in clinical trials to treat cancer, because of its high 
efficacy of transducing different types of tissues. Adenovirus infects both dividing and non-
dividing cells. The virus is well characterized and it is easy to get high titres of adenoviral 
vectors [9]. 

The genome of the adenovirus consists of about 36 kb of linear double-stranded DNA that 
is surrounded by a protein capsid of hexons, penton bases and knobbed fibers. Both ends 
of the linear DNA have inverted terminal repeats (ITRs) that function as primers to each 
other upon replication. The viral DNA is efficiently transferred to the nucleus where it 
resides as a non-integrating vector. These properties make it suitable for cancer treatment 
since there is no need for a long term expression when the aim is to kill the targeted cell 
[8]. 

The adenoviral cycle starts with binding of the fiber knob of the virus particle to the 
coxackie/adenovirus cell surface receptor followed by binding of an RGD (arginine, 
glycine, aspartic acid) motif on the penton base to cellular integrins. This is followed by 
endocytosis and virus escape from endosomes. The capsid is dismantled and the genome 
is transported to the nucleus where transcription is initiated [8]. The transcription can be 
divided in two phases: early phase which means transcription before DNA replication 
and late phase, transcription of genes after replication. The early genes, E1-E4, interfere 
with cellular processes, inhibit apoptosis, replicate viral DNA, initiate transcription of late 
genes and modulate the hosts’ immune system. E1A is important for the gene expression 
cascade and deletion of E1A is used to create replication-defective adenoviruses. The late 
genes, L1-L5, are mainly involved in the assembly of progeny virus particles [8]. 

Foreign DNA of a size of 2 kb can be incorporated in the adenoviral genome without 
disturbing the normal function of the virus. To be able to introduce larger pieces, up to 7 
kb, the E1 and E3 regions were removed in so called first generation vectors. This created 
a replication-defective virus. E1 is then provided in trans in producer cells to produce the 
viral vector. Later generations of vectors have the E2 and/or E4 genes or all adenoviral 
genes removed except for the ITRs and packaging signals to obtain space for as much 
foreign material as possible [8]. 

When the intention of gene therapy is to treat cancer the vector used can be made 
replication-competent in tumor cells and thereby able to replicate and spread to other 
tumor cells in the surrounding and infect them. Adenoviruses used must contain E1A, E2, 
E4 and all of the late genes to be replication-competent. Since E1A controls the expression 
cascade it can be regulated by a tumor- or tissue-specific promoter and the virus is in that 
way a conditionally replication-competent adenovirus. In this case E1A functions as the 
therapeutic gene that leads to the death of cells by the virus oncolytic ability [8].
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1.3 DNA Insulators

When a heterologous promoter is inserted in an adenoviral vector, the specifi city and 
activity of the promoter is sometimes altered compared to the transgenic expression on a 
plasmid. This can be due to interference from the left inverted terminal repeat (LITR) that 
contains binding sites for transcription factors and from the E1A enhancer which overlaps 
with the packaging signal. Those sequences cannot be removed since they are involved in 
viral replication and assembly of virus particles. However, the expression integrity of the 
heterologous promoter can be protected by an insulating element [11]. 

Insulators are DNA sequences that have the capability to protect genes from surrounding 
signals that are not appropriate. There are mainly two mechanisms by which insulators 
work. The fi rst is to block the signals from an enhancer, if the insulator is located between 
the enhancer and promoter. Enhancer and promoter communication elsewhere is not 
affected (Figure 1.2). Insulators can also function as barriers that prevent silencing from 
nearby condensed chromatin [12]. Insulators have previously been shown to have a 
positive effect on expression if they are placed in front of the promoter in the adenoviral 
construct [11].
 

1.3.1 H19 insulator
The H19 insulator (loH19) has enhancer blocking activity and plays a big role in the 
genetic imprinting of the insulin-like growth factor 2 (Igf2) and the H19 genes. In 
embryonic liver Igf2 is expressed from the paternal allele and it is important in growth 
control of embryo and placenta, whereas H19 is expressed from the maternal allele but 
its function is unknown [13]. loH19 has four binding sites for the CCCTC binding factor 
(CTCF), a protein that is involved in the activation of most enhancer blocking insulators 
[14]. If the binding sites are methylated as on the paternal allele CTCF cannot bind and 
the insulator is hence inactive which lead to expression of Igf2. The maternal loH19 is 
unmethylated thus allowing CTCF to bind and in that way prevent the action from the 
downstream enhancer on the Igf2 promoter [13].

1.3.2 HS4 insulator
The HS4 insulator (HS4) is located at the chicken β-globin locus where it has both 
enhancer blocking and barrier functions. Also in this case, the enhancer blocking activity 

Figure 1.2 Enhancer blocking activity of an insulator. The insulator blocks the 
action of an enhancer if the insulator is located between the enhancer 
and a promoter.
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is dependent on CTCF. Experiments reveal that CTCF prevents the spreading of histone 
acetylation and RNA polymerase II movement from the enhancer to the promoter and 
thereby blocks the action from the enhancer [15]. HS4 has also barrier properties where 
the components involved are not completely known but the mechanism seems to be that 
the insulator act as a terminator of silencing by providing a region of acetylation. Histone 
acetyltransferases recruited by insulator proteins acetylate the nearby nucleosomes. The 
region of acetylation inhibit protein complexes that condense chromatin [12]. 

1.4 Previous work 

A recombinant prostate-specific expression control sequence was developed for adenoviral 
vector-based gene therapy of prostate cancer. The expression control sequence consists of 
three parts: the prostate specific antigen (PSA) enhancer, the prostate specific membrane 
antigen (PSMA) enhancer and the proximal T cell receptor γ-chain alternate reading frame 
protein (TARP) promoter. Since these three proteins are uniquely expressed in prostate cells 
and prostate cancer cells they are appropriate to use to obtain prostate-specific transgene 
expression. The TARP promoter (TARPp) and the PSA enhancer (PSAe) are strictly 
controlled by testosterone and this combination demonstrated low activity in prostate 
cancer cell lines when no testosterone was supplemented in the medium. Since patients 
with prostate cancer are often treated by hormone withdrawal the regulatory sequence 
had to be improved. It was discovered that an enhancer for the gene encoding PSMA up-
regulates PSMA expression in cells that are androgen depleted. A regulatory sequence 
of PSAe, PSMA enhancer (PSMAe) and TARPp called PPT was therefore constructed 
and later on demonstrated to have high and specific expression in prostate cancer cells, 
independent of testosterone levels in the medium. However, when an adenoviral vector 
with the PPT promoter in the E1 position was made, the expression of the reporter gene 
luciferase was relatively spoken lower than when expressed from a plasmid. Furthermore, 
in a mouse model system upon intravenous injection the PPT adenovirus was found to be 
expressed at low levels also in liver and kidney. To resolve those two problems another 
virus was constructed that had the H19 insulator inserted in front of the PPT sequence 
to shield it from interfering signals that is thought to come from the origin of replication 
in the adenovirus vector. The result was impressive: the expression was not only higher 
but also more specific than before. Expression was exclusively restricted to the grafted 
tumor in mouse models. Therefore, the adenoviral vector with loH19 in front of the PPT 
promoter seemed to be promising for prostate cancer gene therapy [11, 16].

1.5 Aim of the study

The H19 insulator used in previous studies is 3.2 kb which is a quite large sequence. 
Since the cloning capacity of the adenoviral vector is limited there is a need for a vector 
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with larger insertional power. One way to achieve more capacity is to fi nd a shorter 
insulator and that was the purpose of this study. Two alternatives have been investigated, 
the HS4 insulator that is 1.2 kb and a shorter variant of the H19 insulator that is 1.6 kb. 
New adenoviral vectors were constructed and compared to the vector with the long H19 
sequence and to a vector without an insulator concerning expression level and tissue 
specifi city. All of the constructs contain the PPT regulatory sequence and luciferase as a 
reporter gene (Figure 1.3). 

1.6 Overview of the technology

1.6.1 The AdEasy™ vector system 
Recombinant adenoviruses can easily be constructed by using the AdEasy™ vector system 
from Qbiogene (Figure 1.4). This method is a two-step procedure in which the fi rst step 
is to clone the wanted expression cassette into a transfer vector called pShuttle and the 
second step is to transfer it into an adenoviral vector called pAdEasy-1 by homologous 
recombination. The pShuttle vector is about 6.6 kb and contains the left and right inverted 
terminal repeats (LITR and RITR), the encapsidation signal, a multiple cloning site 
where the gene of interest can be inserted, homologous sequences to the pAdEasy vector 
for recombination, an origin of replication (Ori) and an antibiotic resistance gene for 
kanamycin (Kan). The cloning capacity of this vector is 7.5 kb. Larger inserts will increase 
the risk of DNA rearrangements and decrease the effi ciency of the system. The cDNA that 
will be cloned into the pShuttle vector has to contain restriction sites for endonuclease 
enzymes that are present in the multiple cloning site. The pShuttle vector with inserted 
cDNA is then transferred to pAdEasy-1. This plasmid is 33.4 kb and functions as an 
adenoviral backbone vector that contains most of the adenovirus serotype 5 genome but 
is deleted in the E1 and E3 regions. It also contains a Pac I site for linearization, an Ori 
and an ampicillin resistance gene (Amp) [17]. 

The pShuttle vector is linearized with Pme I or EcoR I and then co-transformed with 
circular pAdEasy-1 into BJ5183 bacteria by electroporation. BJ5183 is an E. coli strain 
that support homologous recombination. There are two alternatives for recombination: 
either between left and right arms or between right arms and the origins of replication. 
Upon Pac I digestion this yields two fragments, either 35 and 3 kb or 35 and 4.5 kb. 
Which of the two recombinations that occurs does not matter [17].

Figure 1.3 The vector construct. LITR/RITR, left/right inverted terminal repeats; Ψ,
encapsidation signal; Insulator: loH19, shH19 or HS4; PPT, prostate specifi c promoter; 
LUC, luciferase reporter gene; Ad5 DNA, adenovirus serotype 5 DNA.
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Figure 1.4 Overview of the construction of a recombinant 
adenovirus using the AdEasy™ technology.
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After homologous recombination in BJ5183 the adenoviral plasmid is amplifi ed in 
another strain such as DH5α or DH10B. This is because large plasmids are unstable in 
BJ5183 and it is not easy to produce large quantities of DNA in this strain. The vector is 
retransformed by electroporation and then maxipreparation of DNA is done to get enough 
material for cell transfection [17].

Before cell transfection the adenoviral vector is linearized by Pac I to exposure the 
inverted terminal repeats and hence appear like normal linear double-stranded adenovirus 
DNA. Virus particles are produced in 293 cells, a human embryonic kidney cell line that 
provides E1A and E1B in trans [17]. 

1.6.2 Luciferase assay
Reporter genes are used to study gene expression and other cellular events that are coupled 
to gene expression. One commonly used reporter gene is luciferase, an enzyme that 
fi refl ies use to produce light. Luciferase is a 61 kDa protein that catalyzes the oxidation 
of luciferin to oxyluciferin where ATP and Mg2+ are utilized as cosubstrates (Figure 1.5). 
Light is produced when the chemical energy of the luciferin oxidation is converted by an 
electron transition [18].

The luciferase assay is very sensitive. Detection of 2x10-15 g of luciferase can be done 
and as few as four luciferase expressing cells can be detected. The emitted light is linear 
over eight orders of magnitude thus the detection range is wide. The assay is also rapid 
and not very labor intensive. The reaction and detection requires only a few seconds per 
sample. [18].

Figure 1.5 The luciferase mechanism.
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2 Material and methods

2.1 Construction of recombinant adenovirus vector

Adenoviruses containing an expression cassette with either the HS4 insulator or the short 
H19 insulator followed by the PPT promoter that control the expression of the luciferase 
reporter gene were constructed by using the AdEasy™ vector system from Qbiogene 
(Irvine, CA, USA). 

2.1.1 Construction of the transfer vector
A pShuttle vector with HS4 insulator, PPT promoter and luciferase gene was already 
available but the pShuttle vector with the shH19 insulator had to be constructed. First, 
restriction sites for Kpn I and Not I were introduced by PCR. The polymerase used in 
the reaction was Expand™ high fidelity (Roche, Basel, Switzerland) an enzyme blend 
of Taq polymerase that adds a deoxyadenosine (A) to the 3’ end and a polymerase that 
has proofreading activity. The A-overhangs is needed for T/A cloning of shH19. The 
vector used was pCR®2.1-TOPO® (Invitrogen, Carlsbad, CA, USA) that is linearized and 
has T-overhangs. Ligation was performed at room temperature for five minutes followed 
by heat-shock transformation into DH5α bacteria. DNA was extracted from colonies 
by using a miniprep kit from Sigma Aldrich (St. Louis, MO, USA). The samples were 
analyzed by EcoR I (Invitrogen) digestion and one positive clone was picked for DNA 
sequencing to confirm sequence accuracy. The T/A vector with shH19 and a pShuttle 
vector with the PPT-LUC expression cassette were double digested by Kpn I and Not I 
(Fermentas, Hanover, MD, USA). The digested plasmids were run on a low temperature 
melting agarose gel (1 %) and the desired bands (shH19 insert and pShuttle vector) were 
excised. The gel pieces were purified by Nucleospin® extract kit from Macherey-Nagel 
(Düren, Germany) and shH19 and pShuttle (ratio 4:1) was ligated by T4 DNA ligase 
(Invitrogen) at 15 ºC over night. The ligation reaction was then heat-shock transformed 
into DH5α bacteria and DNA was later extracted from colonies by miniprep kit. The 
minipreps were analyzed by Kpn I and Not I digestion and concentration was determined 
by absorbance measurement.  

2.1.2 Co-transformation of transfer vector and pAdEasy
The two transfer vectors with HS4 and shH19 respectively was linearized by Pme I 
(New England Biolabs, Beverly, MA, USA) over night and then ran on a low melting 
temperature agarose gel (1 %). The bands were excised and the gel slices were purified 
by Nucleospin® extract kit. The purity and amount were analyzed on a 1 % agarose gel 
and concentration was also measured by absorbance. Linearized pShuttle vector was 
mixed with pAdEasy-1 plasmid (ratio 10:1) and the mixture was transformed into BJ5183 
bacteria by electroporation (settings: 2.5 kV, 25 µF, 200 ohms). Bacteria was plated on 
LB agar/Kan plates and incubated over night. Miniprep was prepared for some colonies 
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and digestion by Pac I (New England Biolabs) was done to analyze the samples. One 
positive plasmid was retransformed into DH10B bacteria by electroporation using the same 
settings as for BJ5183. Minipreps were again digested by Pac I to verify positive clone 
and maxipreparation was then done using JETstar plasmid MIDI kit (Genomed, Löhne, 
Germany) to obtain a higher concentration.

2.2 Production of adenovirus

2.2.1 Cell transfection
Prior to cell transfection the AdEasy vectors were linearized by Pac I (12 µg of each) 
and 293 cells were prepared in 60 mm Petri dishes from Sarstedt (Nümbrecht, Germany). 
The cell confluence was 60-70 % at the time of transfection. The vectors were analyzed 
on 0.6 % agarose gel to verify complete digestion and the DNA was concentrated by 
precipitation with 1/10 volume of 3 M sodium acetate and 2.5 volumes of 99 % ice-cold 
ethanol. The DNA was dissolved in (20 µl) H2O and mixed with OPTI-MEM medium and 
Lipofectamin™ (Invitrogen). After 30 minutes of incubation in room temperature DMEM 
medium (Invitrogen) was added and the DNA/liposome-complexed solution was added 
to the prepared 293 cells. The cells were incubated for four hours at 37 ºC under standard 
growth conditions. Medium with virus was removed and complete DMEM medium (see 
Appendix) was added followed by incubation for nine days. 

2.2.2 Harvesting adenovirus particles
After incubation, cells and medium were collected and centrifuged. The cell pellet was 
resolved in 0.1 M Tris-HCl (pH 8.0) and the cells were disintegrated to release viruses by 
four cycles of freezing in liquid nitrogen, thawing in heat block at 37 ºC and vortexing. 
The cell debris was spun down and parts of the viral supernatant were used for further 
amplifications. Three amplification steps were done in 911 cells, an embryonic retinoblast 
cell line that as 293 cells provide E1 in trans. After the third amplification 10 % glycerol 
was added to the adenovirus supernatant and the viruses were stored in aliquots at -80 ºC. 

2.3 Fluorescence forming assay

To determine the titer of the viruses a fluorescence forming assay was performed. First 
35 mm cell+ plates with grid area 0.04 cm2 (Sarstedt) were prepared with 911 cells so the 
confluence would be 90-95 % at time of virus transduction. Virus dilutions were prepared 
in complete DMEM medium. Dilutions of 105, 106 and 107 were added to different 
plates and incubated for two hours. The virus solution was then removed and complete 
DMEM medium was added and the plates were incubated for 48 hours under standard 
culture conditions. After incubation medium was removed from the plates and they were 
washed with PBS. The cells were fixed by adding 4 % paraformaldehyde. The plates were 
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washed with PBS once again and a mouse anti-adenovirus hexon 5 monoclonal antibody 
(DakoCytomation, Glostrup, Denmark) was added followed by incubation for one hour 
at room temperature. The antibody was aspirated off and the cells were washed with 
PBS. A secondary fluorescent-labeled rabbit anti-mouse antibody (RAM-FITC from 
DakoCytomation) was added and the cells were incubated an additional hour. The antibody 
was removed and green cells could be counted under an inverted immunofluorescence 
microscope. The number of green cells corresponds to the amount of infectious viral 
particles per ml (fluorescence forming unit per ml, FFU/ml). 

2.4 Transduction of cell lines

To investigate the expression of the produced viruses two prostate adenocarcinoma 
cell lines, LNCaP and PC346C and six non-prostate cell lines (1064SK, HeLa, HT29, 
T47D, U343 and ZR751) were transduced. The cell lines were cultured in T-75 cell bind 
flasks (Corningen, NY, USA). More information about the cell lines, culture medium and 
multiplicity of infection (MOI) is obtained in Table 2.1. The contents of culture medium are 
obtained in the Appendix. Each cell line was transduced with five different adenoviruses: 
Ad[HS4/PPT-LUC], Ad[shH19/PPT-LUC], Ad[loH19/PPT-LUC], Ad[PPT-LUC] and 
Ad[CMV-LUC]. The CMV promoter is a strong promoter that is active in most human 
cells and tissues and Ad[CMV-LUC] was used in the experiments as a positive control. 
The transduction experiments of LNCaP, PC346C, HeLa and T47D were performed three 
times with triplicate samples in each. The other cell lines were transduced two times with 
triplicate samples. 

The cells were collected and resuspended in medium without serum and antibiotics and a 
small aliquot was taken for counting of the cells in a Bürken chamber. Nine millions cells 
were needed since the experiment was performed in triplicates with 1.8 million cells per 
virus (600000 cells per well). Appropriate amounts of cell suspension were transferred to 

Cell line origin medium MOI (FFU/cell)

LNCaP prostate cancer RPMI complete 50
PC-346C prostate cancer PC-346C 10
1064SK fibroblast DMEM complete 50
HeLa cervix cancer DMEM complete 50
HT29 colon cancer RPMI complete 100
T47D breast cancer DMEM complete 50
U343 glioma RPMI complete 10
ZR75-1 breast cancer DMEM complete 50

Table 2.1 The cell lines used in the experiment. Contents of culture 
medium are obtained in Appendix. 
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five tubes and adenoviruses were added according to the MOI of the cell lines preference, 
see Table 2.1. The MOIs used had been determined previously, yielding more than 
70 % positive cells after 48 hours when transduced with an adenoviral vector having 
EGFP expression controlled by a CMV promoter. The transduced cells were incubated 
under normal growth conditions for two hours. Following incubation, complete medium 
was added and equal amounts were plated into three wells in a 6 well cell+ plate from 
Sarstedt. The plates were incubated for 48 hours under standard culture conditions before 
analysis. 

2.5 Luciferase assay

Medium was aspirated off the cells and 300 µl of lysis buffer (25 mM Tris-Phosphate, 
2 mM DTT, 2 mM CDTA, 10 % glycerol, 1 % Triton X-100) was added followed by 
incubation for 30 minutes at 4ºC while rocking. The lysates were then resuspended and 
transferred to Eppendorf tubes. Centrifugation was done to pellet cell debris. 40 µl of 
lysate supernatant was transferred to a white-bottomed 96-well plate. Luciferase activity 
was measured in a Wallac Victor2 1420 multilabel counter from PerkinElmer (Boston, 
MA, USA). The luciferase substrate was purchased from Pharmingen (San Diego, CA, 
USA). 

The activity of each virus with the PPT regulatory sequence was compared to the activity of 
the virus with the CMV promoter. The viruses that contain insulators were also compared 
to a PPT-virus without insulator.
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3 Results

The viruses used in this experiment are listed in Table 3.1 together with a comment 
of the regulatory content and an abbreviation that is used in the text and figures. The 
luciferase assay was performed three times with triplicate samples in each experiment 
for LNCaP, PC346C, HeLa and T47D. The other cell lines were transduced two times 
also with triplicate samples each time. The results presented here are chosen from one 
representative experiment and standard deviation is calculated from variations within the 
triplicates. 

3.1 Fluorescence forming assay

The titer of the produced viruses was determined by a fluorescence forming assay. The 
number of green cells per square were counted and multiplied with the total area and the 
dilution factor to obtain the amount of infectious viral particles per ml (FFU/ml). The 
titers are presented in Table 3.2.

3.2 Luciferase assay

Luciferase was used as a reporter gene to study expression that is regulated by the PPT 
promoter shielded by different insulators. A virus with the luciferase reporter gene driven 
by the strong CMV promoter was used as a positive control. Luciferase activity was 
measured and the viruses with the shorter insulators, shH19 and HS4, were compared 
to viruses with the previous used loH19 insulator and to the virus without insulator. The 
results are illustrated in Figure 3.1. This figure shows that PPT with either of the shorter 
insulators yield higher luciferase expression than PPT and loH19/PPT in the two prostate 
cancer cell lines: shH19/PPT yields 6 to 18 times higher expression than PPT whereas 

Virus comment abbreviation

Ad[PPT-LUC] no insulator PPT
Ad[loH19/PPT-LUC] entire/long H19 insulator loH19/PPT
Ad[shH19/PPT-LUC] short H19 insulator shH19/PPT
Ad[HS4/PPT-LUC] HS4 insulator HS4/PPT
Ad[CMV-LUC] CMV promoter CMV/PPT

Table 3.1 Viruses used to transduce cell lines.

Virus FFU/ml

Ad[shH19/PPT-LUC] 5.3x109

Ad[HS4/PPT-LUC] 2.0x109

Table 3.2 Titer of the constructed viruses.
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HS4/PPT results in an expression that is 3 to 9 times higher than PPT. In LNCaP the 
difference between shH19 and loH19 is significant on a 95 % confidence interval whereas 
in PC346C there is a significant difference on a 90 % confidence interval. In the non-
prostate cell lines the luciferase activity does not differ much from PPT except for shH19/
PPT in HeLa cells that is about 3 times higher than PPT. 

Luciferase activity of the PPT viruses was compared to a virus with the CMV promoter, 
Figure 3.2. These results demonstrate that the luciferase expression in prostate cell lines is 
considerably higher than in non-prostate cells. The expression of luciferase driven by PPT 
is 10 to 100 times higher in prostate cell lines than in the other cell lines except for U343 
where the expression is about one third of that in prostate cells. The luciferase expression 
driven by shH19/PPT is 80 to 260 times higher in the two prostate cell lines than in non-
prostate cell lines. In comparison with HeLa the expression is 20 to 60 times higher in 
the prostate cells. There is a significant difference between expression of shH19/PPT in 
prostate cells and non-prostate cell lines (p = 0.05). 

Figure 3.1 Relative luciferase activities in cell types of diverse origin. 
                  The values are normalized to PPT. 
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Figure 3.2 Relative luciferase activities as percentage of CMV promoter activity. The
                  PPT promoter shielded by the shH19 insulator yields a high and specific
                  expression in prostate cell lines. 
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4 Discussion

In this study a regulatory sequence for prostate-specific gene expression in an adenovirus 
vector was investigated concerning expression level and tissue specificity. A previous 
vector containing the PPT promoter shielded by the large H19 insulator resulted in a 
high and specific expression in prostate cancer cell lines [11]. However, since the H19 
insulator is very large, two shorter insulators were here studied: a shorter variant of H19 
(shH19) and the HS4 insulator.

Two or three experiments with triplicate samples were performed for each cell line. 
All experiments showed the same tendency but differed somewhat in absolute values. 
Therefore, one representative experiment for each cell line was chosen and presented in 
the results.

The results indicate that the shH19 insulator is a good alternative to the loH19 since the 
expression is several times stronger in prostate cell lines. HS4 is definitely as good as 
H19. In non-prostate cell lines it seems that it does not matter if the regulatory sequence 
contains an insulator or not, the expression level is close to the expression of PPT in all 
constructs. One exception is the expression of shH19/PPT in HeLa cells that is three times 
higher than PPT. However, compared to the CMV expression the expression of shH19/
PPT in HeLa cells is very low, similar to background level. Another aspect is that HeLa is 
a cervical cancer cell line and women will not be treated with this vector. There are two 
other cell lines in this study that are also from female origin, the breast cancer cell lines 
T47D and ZR751. Since the vector studied here are supposed to be used in prostate cancer 
gene therapy it would have been appropriate to use more cell lines from tissues that do 
not originate from females. A previous study of PPT and loH19/PPT in a mouse model 
showed that if PPT is not shielded by the insulator low expression is also seen in kidney 
and liver [11]. It will therefore be important to further investigate if the shorter insulators 
have the same ability as loH19 to repress expression in cell lines of kidney and liver, to 
fully ensure tissue specificity. 

The PPT driven expression of luciferase in relation to CMV driven luciferase expression 
differ a lot between prostate cancer and non-prostate cell lines (Figure 3.4). In all of the 
non-prostate cell lines the expression as percentage of CMV is significant lower than 
the expression in prostate cell lines (p = 0.05). This demonstrates that the expression is 
prostate specific and the viral constructs do not express the transgene in other types of 
tissues included in this study. However, the expression of the PPT containing vectors in 
prostate cancer cell lines are somewhat lower than was previously found when assessed 
as percent of CMV expression [11]. Another batch of a CMV-LUC virus was also tested 
for some cell lines but resulted in the same ratio. Still the expression is much higher in 
prostate cell lines compared to non-prostate cell lines.    
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This study has resulted in an improvement of the regulatory sequence of an adenoviral 
vector for prostate cancer gene therapy. The replacement of the loH19 insulator with a 
shorter variant of the same insulator (shH19) yields a significant higher promoter activity 
in prostate cancer cell lines while the expression level in non-prostate cells is unaltered. 
Due to this change the cloning capacity of the vector has been increased, allowing more 
genetic material to be inserted for better treatment of cancer cells. The research group has 
decided to use the shH19 insulator in all future PPT-based adenoviral constructs.
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7 Appendix 

Cell culture medium

DMEM complete
DMEM glutamax 
10 % fetal bovine serum
1 % penicillin/streptomycin
1 % sodium pyruvate

RPMI medium
RPMI 1640
10 % fetal bovine serum
1 % penicillin/streptomycin
1 % sodium pyruvate
1 % Hepes 

PC346C medium
DMEM: F-12, glutamax
0.01 % bovine serum albumin 
2 % fetal bovine serum
10 µg/ml epidermal growth factor (Sigma Aldrich)
1 % insulin-transferrin-selenium
0.1 nM R1881
1.4 µM hydrocortisone
0.6 ng/ml triiodothyronine (Sigma Aldrich)
0.1 phosphoetanolamine
50 ng/ml cholera toxin (Sigma Aldrich)
0.1 µg/ml fibronectin (Sigma Aldrich)
20 µg/ml fetuin (Sigma Aldrich)

All cell culture reagents were from Invitrogen except when stated differentially. 


