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Abstract: Over the last decade, cancer therapy has found itself challenged by the growing field of oncolytic virotherapy. 

Many different viruses are currently under study, investigating their potential to induce antitumor effects through repeated 

cycles of viral infection and cell lysis. It was, however, genetically-engineered replication-selective adenoviruses that 

were the first to enter clinical trials with cancer patients. The difficulties involved in combining selectivity and elevated 

potency in a single oncolytic adenovirus have led investigators to design and test many different approaches. Different 

strategies, based on the control of viral replication, are presented in the current review. We discuss how the growing 

knowledge of cell and tumour biology, with the advances made in adenoviral virology, has inspired the fine-tuning of  

genetically-engineered adenoviruses. Special emphasis is placed on the fundamentals behind the use of certain specific  

genetic elements, introduced into the viral genome to control viral gene expression and on describing the most important 

viral gene mutations. 

Keywords: Adenovirus, oncolysis, cancer virotherapy, transcriptional targeting, post-transcriptional targeting, cancer gene 
therapy, insulators, tumor microenvironment.  

INTRODUCTION 

 Among the multiple and diverse approaches to treating 
cancer, there is a common principle which consists of identi-
fying the differential traits of normal and neoplasic cells that 
can eventually be targeted to induce a cytotoxic effect in 
tumour cells, without significantly affecting normal cells 
(Fig. 1). Said principle is equally applicable to adenoviral 
oncolytic strategies, most of which aim at restricting viral 
replication (and consequently cell lysis) to transformed cells. 
Early attempts involved the analysis of mutant forms of  
adenovirus, the replication of which is impaired in normal 
cells but not in tumour cells. More recently, with the devel-
opment of recombinant DNA technology and the growing 
knowledge of molecular aspects of viral infection, tumour 
biology and gene regulation, a new generation of oncolytic 
adenovirus has been generated by genetically engineering 
viral genomes. 

ADENOVIRUSES INCORPORATING GENETIC 

ELEMENTS RESPONDING TO ALTERATIONS IN 
TUMOUR CELLS 

 The complex regulatory mechanisms that control gene 
expression in mammalian cells, often deregulated in  
tumours, represent a toolbox full of tools that may be applied  
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to the design of oncolytic adenoviruses. Transcriptional con-
trol, mRNA processing, mRNA stability and nuclear export, 
microRNA regulation and translational control all constitute 
processes from which the design of tumour selective adeno-
virus has benefited (Fig. 2). 

Transcriptional Targeting: Tumour-specific Promoters 

 A large number of tumour-specific promoters that restrict 
adenoviral replication in tumour cells have been studied and 
a list of them, summarizing the principles and results, have 
been recently reviewed by Dorer and Nettelbeck [1]. In most 

of the studies only small portions of the natural promoters 
are used, and the given promoter fragment used may account 
for differences in promoter specificity. In general terms, the 
study of individual tumour-specific promoters (TSP) can be 

classified in two main groups: 1) promoters that can be con-
sidered pan-cancer specific, and will be of interest when tar-
geting adenovirus to a variety of tumour types and 2) pro-
moters that are tumour-type specific.  

 In the first category, the pan-cancer TSP, one of the most 
widely studied to date is human telomerase promoter. The 
promoter sequence was initially explored with a view to  
controlling viral replication, based on the fact that human 
telomerase is transcriptionally upregulated in about 90%  
of human cancers. hTERT controlled adenoviruses have 
been proven to provide tumour selectivity in models of  
cervical carcinoma [2], gastric [3], breast [4], head and neck 
and hepatocellular cancer [5], and non-small cell lung cancer 
[6]. hTERT promoter has been engineered in many different 
ways, controlling E1A [4], E1A and E1B [7], E4 [8] and in  
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a backbone armed with a variety of therapeutic genes  
[9]. The telomerase RNA promoter (hTR) has also been 
studied to selectively control replicating adenoviruses. Com-
parative studies between CRAds engineer with hTR and 
hTERT promoters contolling E1A have shown that despite 
achieving similar E1A levels hTR promoter was up to 49-
fold stronger than hTERT, evidencing feedaback regulation 
by E1A [10].  

 Another large group of studies have been generated  

exploring E2F transcription factor responsive promoters, 

working on the principle that almost every human malig-
nancy involves mutations in the retinoblastoma tumour  

suppressor gene (RB1), or in components regulating the RB 

pathway that result in an excess of free E2F and a loss of 
pRB/E2F repressor complexes. The fact that E2F is able to 

activate its own transcription has prompted the study of the 

E2F-1 promoter to control replication competent adenovi-
ruses. E2F-1 oncolytic adenoviruses have shown tumour 

selectivity, efficacy and limited toxicity in many different 

cancer models [11-14]. Engineered E2F-1 E1A controlled in 
a backbone carrying viral gene mutations also targeting the 

pRb pathway (ex: Ad 24, described in the viral gene muta-

tion section) have shown antiglioma activity and reduced 
toxicity [15, 16]. A modified E2F-1 promoter that incorpo-

rates additional palindrome E2F binding sites has recently 

been described and shown to improve the efficacy to toxicity 
ratio of oncolytic adenoviruses [17]. 

 Another example is Cox-2 promoter-based replication 
selective adenoviruses. Cycloxygenase-2 (Cox-2) is an in-
ducible enzyme in the biosynthetic pathway of prostagland-
ins that is over-expressed in a variety of premalignant and 
malignant conditions. Cox-2 controlled adenoviruses were 
first proposed by Yamamoto et al. to target pancreatic cancer 
[18]. However studies in many other tumour types, such as 
oesophageal, bladder. gallbladder, gastric and colorectal can-
cers, have been conducted and shown restricted replication 
and antineoplastic efficacy [19-23].  

 The survivin promoter is another well studied TSP. The 
rationale supporting the oncolytic use of the survivin pro-
moter is based on the fact that survivin, the smallest member 
of the inhibitor of apoptosis family (IAPs), is transcription-
ally upregulated in most human cancers, but not in normal 
tissue. Despite its potential general use to target many differ-
ent types of tumours, survivin response oncolytic adenovi-
ruses controlling E1A have mostly been studied in gliomas 
where they have shown oncolytic efficacy, either alone or in 
combination with other therapies [24-28]. A few studies 
have been conducted in other tumour models such as cho-
langiocarcinoma [29] and lung cancer [30].  

 Also other promoters, such as the receptor for chemokine 
SDF-1 known as CXCR4, upregulated in invasive cancers, 
have been studied for their selective targeting of adenovi-
ruses to lung [31] and breast cancer [32], gliomas [24] or 
head and neck cancer [33].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Scheme representing molecular differences between epithelial and tumoral cells and their environment. In green it is shown 

the epithelial cell with genes and microRNAs (miR) expressed at normal levels. In red it is shown some of the molecular changes occurring 

in tumors: gene expression shut-off; gene up-regulation, miR deregulation either up or down. The diminished oxygen pressure pO2 is 

illustrating one of the major environmental changes in tumors. 

mRNA

Post-Transcriptional 
Regulation

Protein

InsIns

Epithelial Cell

Epithelial Environment

Tumoral Cell

Tumoral Environment
pO2



Controlling Adenoviral Replication to Induce Oncolytic Efficacy The Open Gene Therapy Journal, 2010, Volume 3    17 

 Moreover, there are other oncolytic adenoviruses con-
trolled by tumour selective promoters that have been studied 
in a single or very limited number of cancer models which 
have the potential to prove active in many other forms of 
tumour. One example is urokinase palsminogen activator 
receptor promoter (uPAR) controlled oncolytic adenoviruses 
which have recently been shown to present antitumor  
efficacy in pancreatic cancer models [34]. 

 Also, the development of oncolytic adenovirus targeting 
cancer deregulated pathways such as the Wnt pathway have 
been studied. These oncolytic adenoviruses incorporate Tcf 
sites in early viral promoters and have shown to provide with 
selective replication in cells with activation of the Wnt-
signalling pathway [35, 36]. 

 The second category of TSP controlled adenoviruses are 
those that use tumour type specific promoters. In fact in most 
of the cases this promoters are tissue-specific but they be-
come highly activated in the tumor context, what will pro-
vide certain degree of tumor selectivity. Examples of this 
strategy are tyrosinase promoter to preferentially target 
melanoma cells [37, 38], alpha-fetoprotein [39] or trans- 

thyretin [40] for hepatocarcinoma, carcinoembryonic antigen 
(CEA) [41] or A33 antigen [42] for colorectal cancer,  
uroplakins specific for bladder cancer [43], glial fibrillary 
acidic protein (GFAP) promoter to target gliomas [44], 
mesothelyn promoter for ovarian cancer [45] or prostate  
specific antigen (PSA) selective adenoviruses for prostate 
cancer [46]. 

Post-transcriptional Targeting 

3’ UTR Sequences 

 The 3’ untranslated region (UTR) of the messenger RNA 
plays an important role in the regulation of gene expression. 
Alterations to such regulatory sequences are often found in 
malignant cells and as we come to understand the mecha-
nisms participating in the function of the elements of 3’UTR 
regulating gene expression we see the possibility of using 
them in the design of oncolytic adenoviruses. The expression 
of various tumour-associated proteins is enhanced in many 
tumours, in part due to the stabilization of the mRNA caused 
by the AU rich sequences of the 3’UTRs. The use of the 
3’UTR of COX2 to regulate E1A gene expression has been 

Fig. (2). Genetically engineered strategies of the adenoviral genome to acquire oncolysis. Scheme of the adenoviral genome and high-

lighted in red the more common studied viral gene mutations.Tumor specific promoters (TSP) controlling the expression of viral genes with 

insulator elements, protecting from viral enhancer influences. Post-transcriptional targeting strategies: incorporation of selective 5’UTR or 

3’UTR elements and the introduction of miR binding sites for target microRNAs. 
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shown to enable the tumour selective control of adenovi-
ruses, based on the principle that activated RAS/P-MAPK 
will stabilize E1A mRNA containing COX-2 3’UTR se-
quences, allowing replication only in cells with activated 
RAS pathways [47]. More recently, Sarkioja et al. showed 
that the incorporation of AU-rich elements from the 3’UTR 
of COX-2 counteracts promoter induction in non-malignant 
cells but not in cancer cells, providing enhanced tumour se-
lectivity to transgene expression [48]. The rationale of this 
combined approach was based on the, transcriptional activa-
tion of the Cox-2 promoter in tumors and the differentially 
regulation of the 3’UTR of COX-2 in normal and malignant 
cells. In normal cells the activity of the promoter was abro-
gated by the degradation signal triggered by the 3’UTR, 
however in tumoral cells the stabilization of the 3’ UTR, 
through the RAS pathways and the enhanced activation of 
the COX-2 promoter provided with increased selectivity to 
the virus. 

5’UTR Sequences 

 Cancer specific mRNA translational control has been 
explored by the use of a 5’ untranslated region (UTR) from 
Fibroblast Growth Factor 2 (FGF-2). The idea behind this 
approach is that translation initiation factors such as eIF4E 
are, in general, nearly always overexpressed in solid tumours 
and that the factor specifically binds to the cap structure of 
the mRNA during the first step of translation. Efficient trans-
lation will then take place in cells expressing high levels of 
eIF4E. The 5’UTR element from FGF-2 was chosen as it 
was known that in the presence of high eIF4E there was a 
drastic increase in the synthesis of FGF-2. The authors 
showed that the inclusion of said translational control 
mechanism lead to a significant improvement in tumour  
selectivity [49]. 

microRNA Target Sites  

 The discovery that small non-coding RNAs and, in par-
ticular, microRNAs are active players in cell gene regulation, 
alongside evidence showing that they are deregulated in tu-
moural cells, has brought a new paradigm to viral engineer-
ing. The pioneers in developing viral vectors that respond to 
endogenous microRNAs were Brown et al. [50]. These 
authors developed lentiviral vectors with target sites for a 
specific microRNA and showed that transgene expression 
was effectively suppressed in cell types expressing mir-142-
3p. The idea was further developed to control oncolytic virus 
selectivity, by limiting undesirable replication in normal 
cells [51-53]. Oncolytic adenoviruses have also been modi-
fied by this strategy to detarget adenoviral replication in he-
patic cells, with the aim of reducing the liver toxicity associ-
ated with the systemic delivery of oncolytic adenoviruses. 
The incorporation of target sites for the highly abundant liver 
specific miR-122 in the 3’-untranslated region of the E1A 
gene resulted in a virus which showed attenuated replication 
in cells of hepatic origin while retaining full activity in  
cancer cells [54, 55]. 

Targeting Cellular Pathways: Viral Gene Mutation 

 One of the first conditionally replicative adenovirus 
(CRADs) to reach clinical trials, dl1520 (ONYX-015 or 
H101), carried a mutation in the E1B protein. It had previ-
ously been described that wild type E1B has the ability to 

inactivate p53, thus preventing the otherwise consequent cell 
cycle arrest and/or induction of apoptosis in response to in-
fection [56]. It was therefore widely accepted that said speci-
ficity relied on the presence of a previously inactivated p53 
pathway in the tumour cells, rendering them permissive to 
viral replication, while such replication would be blocked in 
normal cells by the activity of a functional p53 pathway [57]. 
Nevertheless, it was later proposed that the basis for the se-
lectivity of dl1520 was rather a defect in viral mRNA nu-
clear export in normal cells infected with E1b deficient vi-
ruses that was complemented in tumour cells, thus allowing 
for the correct synthesis of viral late-gene products and the 
assembly of virions [58] selectively in malignant cells. 

 Another differential trait that has been exploited as a 

source of tumour specificity is the higher replication rate of 
tumour cells. As part of their natural life cycle, adenoviruses 

utilize the biosynthetic machinery of the host cell to synthe-

size viral DNA and the other components needed to generate 
their progeny. The enzymes involved in these processes are 

upregulated in actively replicating cells during the S-phase 

of the cell cycle, and adenoviruses have evolved to induce 
entry of the infected cells in the S-phase. The process is me-

diated, in wild type adenovirus-infected cells, by the associa-

tion of the viral protein E1a with the cellular protein pRB, 
resulting in the dissociation of the pRB-E2F complex which 

then leads to an increase in free E2F levels. Unbound E2F is 

in turn capable of activating the transcription of the genes 
involved in cell replication, thus mimicking a mitogenic sig-

nal [59]. Since adenoviral replication depends on E1a activ-

ity as an inductor of S-phase entry, adenoviruses with partial 
deletions in E1a have been assayed as tumour cell specific 

lytic agents. The approach is based both on the inability of 

mutant E1a to disrupt pRB-E2F complexes and on the pres-
ence of high levels of free transcriptionally active E2F as a 

common trait of most tumour cells. Thus while E1A-mutant 

adenoviruses are not able to induce S-phase entry in normal 
quiescent cells, and therefore not able to replicate and lyse 

host cells, they are able to replicate in actively proliferating 

cells. This principle has prompted the generation of mutant 
Ad 24 [60-62] and dl922-947 [63] adenoviruses, presenting 

deletions in the E1a protein of amino acids 121 to 128 and 

122 to 129, respectively, both encompassing the pRB bind-
ing domain. Another variant, also including the deletion of 

residues 4 to 25 of E1a, has been created to avoid its binding 

to p300/CBP, previously described to induce entry in the S-
phase of normal cells [64].  

 A more sophisticated strategy has been designed around 
the differential response of normal and tumour cells to viral 
molecules. Protein Kinase R (PKR) has been described to 
phosphorylate the eukaryotic Initiation Factor 2 (eIF2) 
needed for initiation of translation. The phosphorylation has 
an inhibitory effect on eIF2 activity that, in the context of 
viral infections, acts as a functional barrier to viral replica-
tion by shutting down protein synthesis. Adenovirus, how-
ever, present a mechanism to circumvent this blockade that 
involves the synthesis of RNA molecules (termed Viral-
Associated RNA, VA RNA) which interact with but do not 
activate PKR, inhibiting its activation by other double 
stranded viral RNAs and thus allowing for the synthesis of 
viral proteins [65]. The rationale for the application of this 
mechanism as a source of tumour selectivity stems from the 
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observation that oncogenic Ras products can also prevent 
eIF2 activity [66] and therefore complement the lost function 
in adenoviruses in which the coding sequence for VA RNAs 
has been deleted [67, 68]. The adenoviruses are expected  
to replicate in cells with activated Ras, which account for up 
to 80% of tumour cells [69], while their replication will be 
inhibited in normal cells by the activation of PKR.  

ENGINEERED VIRUS THAT RESPOND TO THE  

MICROENVIRONMENT OF THE TUMOUR  

 Carcinogenesis and tumour progression is being consid-
ered not as a cell autonomous, cancer cell-centred condition, 
but rather as a disease involving complex heterotypic mul-
ticellular interactions. The microenvironment of the tumour 
has been recognized as an integrated and essential part of the 
cancer tissue developing crosstalk between different cell 
types [70, 71]. Critical stromal elements include cancer-
associated fibroblasts, which provide an essential communi-
cation network via the secretion of growth factors and 
chemokines by inducing an altered Extracellular Matrix 
(ECM) and thus providing additional oncogenic signals 
which enhance cancer cell proliferation and invasion. The 
microenvironment of cancer cells also provide the signals 
needed to turn on the transcription programs that influence 
tumourogenesis and metastasis [72]. Rapidly growing tu-
mours quickly result in a poorly vascularised microenviron-
ment, characterized by hypoxia, low pH, and nutrient starva-
tion [73, 74]. Such environmental stress also plays a key role 
in regulating tumour progression from micro-invasiveness to 
metastatic cancer [75]. 

 The knowledge of the microenvironment of the tumour 
thus gained has also been incorporated when designing 
transgene expression modulation to create tumour selective 
adenoviruses by means of different approaches.  

1) Oncolytic adenoviruses responding to tumour stress: A 
well studied approach is that of controlling the E1a gene 
or, in a few cases, the E1b gene, under promoter se-
quences susceptible to activation when subject to hy-
poxia. Under low oxygen tumour cells stabilize the tran-
scription factor HIF-1 which mediates transcriptional ac-
tivation by binding to Hypoxia Responsive Elements 
(HRE). This has led to the generation of oncolytic ade-
noviruses that contain synthetic optimized promoters 
bearing multiple HRE or endogenous promoters, such as 
the hTERT, or the VEGF promoters containing HRE se-
quences. These viruses have been shown to replicate and 
efficiently kill tumour cells when subjected to hypoxia 
[76-84].  

2) Oncolytic adenoviruses target cells in the microenvi-
roment: Cell-specific promoters to control E1A targeted 
to dividing endothelial cells has been studied as an anti-
angiogenic approach. Regulatory elements of Flk-1 and 
endoglin genes were used to construct CRADs which 
strikingly inhibited the formation of a capillary network 
[85]. 

 Several oncolytic adenovirus have also been generated to 
target both tumoural and tumour-associated stromal cells by 
using specific promoters. These have shown a significant 
level of oncolytic activity, with examples of complete remis-
sion of the tumour in certain cases. Examples include onco-

lytic adenoviruses controlled by osteocalcin [86]. SPARC 
[87], or uPAR promoters [34]. Another gene promoter that 
has been much studied and is active both in malignant cells 
and in specific stromal cell types is COX-2. Examples of the 
oncolytic efficacy of COX-2 promoter based CRADs have 
been reported for several tumour models, such as pancreatic, 
oesophageal, gastric, colorectal, gallbladder, glioblastoma or 
cervical cancer [14, 18, 21-23, 88]. The COX-2 promoter 
finds itself tightly regulated in response to inflammation and 
accordingly, recent research has been carried out into the 
role that anti-inflammatory drugs could exert on Cox-2 de-
pendent viral replication and has shown that they may at-
tenuate viral replication [88]. This is a factor that should be 
borne in mind since the treatment of cancer patients with 
anti-inflammatory molecules, such as dexamethasone, may 
end up compromising oncolytic efficacy. On the other hand, 
it may also find applications as a way of controlling potential 
undesired viral dissemination. 

 Co-targeting approaches to tumour, stromal and endothe-
lial cells have been explored by engineering adenovirus 
which control E1A with FLK-1 and osteocalcin promoters. 
Said investigation has shown that combined therapy resulted 
in the regression of 30% of pre-established tumours [89]. 

FINE-CONTROL OF GENE EXPRESSION IN  

ENGINEERED VIRUS. LEARNING FROM THE  

ARCHITECTURE OF THE GENOME 

 The genetic engineering of the adenoviral genome has 

evidenced the fact that the introduction of heterologous pro-

moters to control viral gene expression does not fully main-
tain the activity of endogenous genes since the latter are of-

ten affected by other neighbouring regulatory elements pre-

sent in the adenoviral genome, resulting in interference and 
the consequent loss of expression selectivity [90-94]. Ade-

noviral promoters contain multiple recognition sites for tran-

scription factors, often present as cis-acting DNA sequences, 
which increase transcription in a manner that is independent 

of their orientation and distance relative to the RNA start 

site. The presence of viral enhancers and upstream regulatory 
elements in the vector genome might interfere with heterolo-

gous promoters to drive transgene expression. Hoffman et al. 

identified an enhancer element within the Ad5 (nt 1-353) 
that could interact with and modulate some but not all het-

erologous promoters, suggesting that the specificity of a 

given promoter in an adenoviral context should be individu-
ally tested [95]. 

 In order to develop a general design that would avoid 

such interference, researchers started to look at the general 
rules that preserve gene expression in the mammalian ge-

nome and made the observation that in the cell, throughout 

evolution, certain DNA sequences have been recruited by the 
genome to serve as boundaries to adequately insulate gene 

expression.  

 There are two classes of such insulators, enhancer block-
ing (EB) insulators, which prevent distal enhancers from 
activating a promoter when placed between the enhancer and 
promoter, and barrier insulators, which block heterochro-
matinization and the consequent silencing of a gene [96]. 
The barrier function of an insulator may protect a chromatin 
domain from the non-specific effects of the surrounding 
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chromatin by blocking the passage of the regulatory signals 
from adjacent loci and chromatin domains [97, 98]. Their 
ability to guard against position effects is an interesting fea-
ture which is being exploited in integrative vectors.  

 Several such insulator elements have been studied, with a 
view to preserving the fidelity of newly introduced regula-
tory sequences in the adenoviral genome and ensure regu-
lated expression. The insulator most studied in vertebrate 
genomes is the 5’ end of the chicken beta-globin locus, asso-
ciated with a constitutive DNAse I hyper- sensitive site, 
5’HS4 [99]. It has been reported that the chicken -globin 
locus insulator is a complex element with separable enhan-
cer-blocking and position-effect functions (barrier function) 
[100]. The enhancer-blocking insulation activity of the 5´ 
end of the chicken -globin locus, as is the case in practically 
all vertebrate insulators found to date, is based on the bind-
ing of the zinc-finger protein CCCTC-binding factor (CTCF) 
that mediates the inhibition of promoter–enhancer interac-
tions [101]. CTCF, a ubiquitously-expressed 11-zinc finger 
protein, is a critical transcription factor involved in transcrip-
tional activation and repression, in addition to binding chro-
matin insulators [102-104]. Said insulator element was em-
ployed to shield an inducible promoter from viral enhancers 
and tested with first-generation adenoviral vectors in vitro 
and in vivo. Optimal shielding was obtained when the trans-
gene expression cassette was flanked on both sides by HS-4 
elements. The data provided the first evidence that insulators 
could exert enhancer-blocking effects in episomal DNA [94, 
105]. The insulator effect of HS4, however, has been  
reported to be lost at an increased viral dose (100 MOI) 
[106]. This phenomenon could be explained by the fact that 
the expression cassette remains slightly leaky despite the 
presence of the insulator elements with a cumulative leakage 
present at increased viral MOI. In a recent study Rhomer and 
co-workers showed that the chicken beta-globin insulator 
preserves the heat-inducibility of the hsp70B promoter in 
replication-defective adenoviruses and clearly improves in-
duction, when compared to its non-insulated counterpart. 
However, in replication-competent adenoviruses the regula-
tion of the hsp70B promoter was lost during late replication 
and could not be rescued by insulator elements [107].  

 The insulating activity of the myotonic dystropy locus 
insulator (DM-1) was tested, bearing in mind the fact that it 
carries two binding sites for CTCF, is of human origin and is 
compact. The insulator was cloned between the E1a enhan-
cer and E2F-1 promoter to improve the fidelity of the human 
tumour-selective E2F-1 promoter in previously described 
virus AdD24RGD [108]. Higher levels of E1A expression 
and viral production were recorded in tumour cell lines, as 
compared to normal cells, without any significant loss of 
antitumoural efficacy. This indicates that the presence of the 
DM-1 insulator conferred high promoter fidelity [109]. An-
other insulator element that has been shown to protect pro-
moter activity in the context of oncolytic adenoviruses is the 
H19 insulator. A prostate specific promoter insulated with 
the 1.6 Kb core H19 insulator showed promising results for 
the treatment of localized prostate cancer [110]. 

 Based on the current data the impact of insulators, with 
respect to preserving the fidelity of specific promoters in the 
context of oncolytic adenoviruses, remains controversial and 
is not yet fully understood, and may well be found to depend 

on the particular characteristics of a given promoter. How-
ever, in some cases, when large size insulators are used, this 
can compromise vector titres and the stability of viral parti-
cles [111]. Since, in general, the reduction in vector titers 
roughly correlates to the size of the insert [112], minimal 
size insulator sequences should be employed to avoid inter-
ference with viral production. 

CONCLUSIONS 

 The therapeutic application of adenoviral oncolysis has 
evolved from the earliest attempts, which used mutant ade-
novirus generated by sustained culture in tumour cells, to 
today’s sophisticated genetically engineered viruses de-
signed to target and destroy disease-related cells in a tumour 
specific fashion [113]. The versatility of adenoviruses, in 
terms of backbone design and the production of high titre 
viral stocks, alongside their high efficiency transduction, 
have positioned them in the avant-garde of advanced medi-
cal approaches to the treatment of cancer.  

 Understanding the basic mechanisms that regulate cancer 
cell behaviour and their differences with respect to normal 
cells, has been instrumental in the design of oncolytic ade-
noviruses. The recent discovery of the new regulatory phe-
nomenon by which small non-coding double stranded RNA 
molecules, and in particular microRNAs, can mediate the 
expression of hundreds of target genes has opened up the 
possibility of engineering the viral genome to be microRNA 
responsive. This approach is rapidly emerging as a versatile 
new targeting strategy and further exploitation of it may 
prove of great benefit with respect to the targeting of  
oncolytic adenoviruses. Likewise, the increased knowledge 
and greater control of the microenvironment of the tumour  
is proving as important as the knowledge and control of  
the transformed cancer cell when devising novel oncolytic 
designs [114].  

 To date, the field has mostly concentrated on developing 
viruses that efficiently and selectively replicate in tumours. 
But by applying similar principles future efforts are likely to 
focus on the study of the host-adenovirus interaction, in 
terms of the immunological response to viral particles and to 
virus-infected tumour cells. By viewing the immune system 
as a partner, rather than the enemy, it should be possible to 
develop a new generation of oncolytic adenoviruses with 
great potential as anticancer agents. 
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