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Problems and ameliorations of Ad vectors

• no integration => chimaeres AAV/ Retro
• seropositivity to Ad => change of serotype, higher doses, immunosuppression
• large tropism => targeted transduction, targeted expression
• immunogenicity => immuno-suppression, new vectors
• size of the insert => new vectors
• short term expr. => chimaeres AAV/Retro, immuno-suppression, new generation 

vectors
• RCA => new lines, new vectors
• transcomplementation => new vectors
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Ad gutless in mice

Shiedner et al Nat Gen 1998
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Ad gutless in baboons

Morral et al PNAS 99



Ad gutless in primates – porphyria disease

Gen Ther Unzu et al 2015

Helper-dependent 
adenovirus achieve more 

efficient and persistent liver 
transgene expression in non-

human primates under 
immunosuppression

PBGD deficiency
Intrahepatic administration of 5 × 10(12) viral particles kg(-1)
immunosuppressive regimen (tacrolimus, mycophenolate, rituximab and steroids 



Ad: other improvement attempts 

• Better transduction of specific tissues => Ad-
heparan binding, Ad17- Ad2 chimerae

• Better transduction => Ad+liposomes



Ad2-Ad17 (fiber) chimerae

J Virology 99, Zabner

Airway epithelia



Ad binding heparan sulfate or integrins

J Virol 97, Wickham



Ad+liposomes

HGT 98, Qiu



Clinical trials

https://clinicaltrials.gov/ct2/results?term=a
denoviral+vectors&pg=1

https://clinicaltrials.gov/ct2/results?term=adenoviral+vectors&pg=1
https://clinicaltrials.gov/ct2/results?term=adenoviral+vectors&pg=1


Adenovirus and vaccination

Attenuated adenovirus expressing
Gag, nef, pol immunogens.



Adenovirus and vaccination

Higher infection



science

2010

Adenovirus and vaccination



Adenovirus and vaccination



2012

Simian Adenovirus



Cancer gene therapy

J Gene Med 2013



p53 Rb

Tumor suppressor for cancer gene therapy



Receptor mediated targeting
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Suicide genes and prodrugs

F. McCormick - Nature Reviews on Cancer 1:130, 2001
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R E V I E W S

These creative solutions will certainly improve the
potency of suicide gene therapy,but will they be sufficient?
Poor distribution of vectors within solid tumours and low
infectivity of tumour cells might be the main barriers to
success in this area. The next generation of protocols and
vectors will need to include many innovations to improve
selectivity and gene expression, but will also need to
address these issues to realize their full clinical potential.

Replication-competent viruses
Exploitation of bystander effects represents one solution
to the technical hurdle of infecting all the cells in a
tumour. A second approach uses the ability of viruses to
spread from their site of inoculation and infect neigh-
bouring cells. In this approach, cells are killed as a conse-
quence of virus infection, as they become factories for
producing new infectious virus particles (FIG. 4). The suc-
cess of this approach depends on our ability to engineer
or select viruses that replicate specifically in tumour cells,
and the ability of these viruses to infect tumour cells effi-
ciently and to spread through the tumour.

The possibility of using viruses to kill cancer cells
selectively was proposed and tested in 1956 (REF. 45),based
on the observation that certain viruses grow efficiently in
cancer cells, and on anecdotal reports of spontaneous
tumour regressions in patients who harbour viral infec-
tions. Attempts to treat cervical cancer by injecting an
adenovirus date back to 1956 (REF. 45), and the mumps
virus was used to treat cancer in 1974 (REF. 45).However,
lack of molecular characterization,of either the viruses or
the tumours, prevented logical development of this
approach.More recently, several viruses have been creat-
ed that replicate selectively in cancer cells45. Indeed, this
marriage of molecular virology and cancer biology pro-
vides a tremendous range of opportunities for creative
engineering of selective agents. In retrospect, the field of
tumour-virus biology sought to use viral oncoproteins to
understand the molecular basis of cancer. Landmark dis-
coveries in human cancer genetics, such as the functions
of RB and p53, revealed the significance of the classical
tumour-virus proteins — E1A and SV40 large T-antigen
— in viral replication. Ironically, tumour viruses them-
selves are now at the forefront of cancer therapy.

is now available. TABLE 4 summarizes these elements
and the principles that underlie their selectivity.

Bystander effects can also be achieved in other ways.
Several strategies to suppress angiogenesis have been
tested in animal models. For example, adenoviral
expression of a soluble form of VEGF receptor was
recently shown to suppress tumour growth in mouse
models35. Angiostatin and endostatin expressed from
plasmid DNA complexed with liposomes inhibited
growth of breast cancer in mice36. An adenovirus
expressing secretable endostatin showed activity in vitro
and in mouse models37, and a combination of viruses
expressing three anti-angiogenic proteins led to com-
plete tumour rejection in mouse models38. Another
approach is to inhibit matrix metalloproteinases: the
metalloproteinase inhibitor TIMP-2 expressed in an
adenoviral vector caused significant reduction in
metastatic cell growth39. These examples reflect the
application of many years of discovery research in
tumour biology to address clinical issues, and illustrate
the translational opportunities that this field presents.

Clinical studies with suicide gene therapy have
shown that these agents are safe, but are not sufficient-
ly active. A Phase III clinical trial of retrovirus-encoded
HSV-tk showed no patient benefit40. Local injection
into brain tumours of adenoviral vectors that express
HSV-tk looks slightly more promising, with some
early signs of survival benefit in a small number of
patients41. Nevertheless, there is an obvious need to
improve efficacy. Efforts are underway to develop this
concept further, using different vectors and suicide
genes that might produce stronger bystander effects,
combinations of suicide genes that act synergistically42

and by pharmacological manipulation. For example,
GAP JUNCTIONS can be upregulated by lovastatin and
other compounds43, increasing the magnitude of the
bystander effect. Another problem is that many tissue-
specific promoters are comparatively weak. Sakai and
co-workers44 have developed an innovative approach
to solve this problem, by using a weak, but specific,
promoter to drive expression of Cre recombinase, and
a strong Cre-responsive promoter to drive expression
of the therapeutic transgene.

GAP JUNCTION

A junction between two cells
that allows the passage of mol-
ecules (up to 9 kDa).

Table 3 | Enzyme-prodrug combinations for suicide gene therapy*

Enzyme Prodrug Product Mechanism References

HSV-tk Ganciclovir Gancicolvir triphosphate B locks DNA synthesis 33

Cytosine deaminase 5-F luorocytosine 5-F luorouracil (5-FU) Pyrimidine antagonist: blocks DNA and RNA 113,114
synthesis

N itroreductase N itrobenzyloxycarbonyl Anthracyclines DNA crosslinking 115
anthracyclines

Carboxylesterase CPT-11 SN38 Topoisomerase inhibitor 116

Cytochrome P450 Cyclophosphamide Phosphoramide mustard DNA alkylating agent: blocks DNA synthesis 117

Purine nucleoside 6-Mercaptopurine-DR 6-Mercaptopurine Purine antagonist: blocks DNA synthesis 118
phosphorylase
*Herpes simplex virus thymidine kinase (HSV-tk), in combination with the prodrug ganciclovir, is the most frequently used enzyme–prodrug combination for suicide gene
therapy, but other approaches have been investigated. Cytosine deaminase (CD) is an effective alternative to HSV-tk, with a more substantial bystander effect113.
Furthermore, local production of 5-FU by tumour-selective expression of CD sensitizes nearby tumour cells to radiation therapy114. Using adenovirus vectors, expression
of CD suppresses growth of hepatic colon cancer metastases and increased survival significantly in mouse models119–121. Phase I clinical trials using CD targeted to
breast cancer have shown that this approach is safe and relatively efficient at expressing CD in targeted tumours122. A Phase I study targeting metastatic colon cancer
using CD is also underway34.
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Bone marrow protection for chemotherapy

Multiple Drug Resistance High dose chemotherapy
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Tumor selectivity
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ONYX-015

• A E1B-55K DELETED ADENOVIRUS, FOR THE 
TREATMENT OF TUMORS p53-

• CURRENTLY THE MOST USED ONCOLYTIC VIRUS

• PHASE III CLINICAL TRIALS ARE UNGOING



ONYX-015 ON NORMAL CELLS

•Infects normal cells that have 
functional p53 gene

•p53 gene increases the 
production of antiviral protein

•Virus does not replicate

•Normal cell is not killed

E1B55K



ONYX-015 ON CANCER CELLS

•Infects cancer cells that 
lack a functional p53 gene

•Uses cell’s machinery to 
replicate and make more 

copies of itself

•Kills the cancer cells 
through lysis 

•New viruses can infect 
more cancer cells



An Ad mutant that selectively replicates in p53-
deficient human tumor cells

• E1B => vp55 protein that inactivates hp53 
(whose function would block cell and DNA 
replication)

• Viral mutant => vp55 can replicate and kill 
p53ko tumors => good for selective therapy

Science 1996



Replicative p55- Ad for therapy of p53- tumors

Non selective lysis

Selective lysis

Science 96 
McCormick



Evaluation in cell culture

• BISCHOFF et al. 1996:
 ONYX replicates in p53-, not in p53+; 
 rescue if I add 55k

• HEISE et al, 1997:
 ONYX does not replicate in primary cells , 100-1000fold 

attenuated vs wt

Preclinical trials



Preclinical studies in mice xenograft models

• ONYX induces 50% regression of tumor mass at 6 months

• ONYX acts synergically with chemotherapy
 HEISE et al.1997

1996: PHASE I CLINICAL 
TESTING



• ONYX ALONE:
- 50% TUMOR DESTRUCTION 

IN 14% PATIENTS 
ENROLLED

- SIGNIFICANT CORRELATION 
BETWEEN ANTITUMORAL 
ACTIVITY (COMPLETE, 
PARTIAL AND MINOR 
RESPONSES) AND PRESENCE 
OF A P53 MUTATION

NEMUNAITIS et al. 2000 e 2001

Phase II clinical trial

• ONYX-015 ADMINISTERED 
IN COMBINATION WITH 
CISPLATIN AND 5-
FLUOROURACIL

- 19 (63%) OF THE 30 
PATIENTS EXPERIENCED 
REGRESSION OF 50% OR 
MORE IN THEIR INJECTED 
TUMORS

- 8 (27%) OF THE PATIENTS 
EXPERIENCED A 100% 
REGRESSION IN THE SIZE 
OF THEIR INJECTED 
TUMORS 

- SIX MONTHS AFTER THE 
END OF THE STUDY, NO 
TUMOR HAD PROGRESSED

KHURI et al. 2000



ONYX-015 & Chemotherapy: complete response

2005 China FDA approves



Why p53 as target?



2008



Onyx ongoing ameliorations

• ARMED ADENOVIRUS: 
- SUICIDE GENES
- IMMUNOSTIMULATORY 

CYTOKINES

• UNDERSTANDING THE 
BIOLOGICAL MECHANISMS 
DEFINING 
- INTERACTION WITH 

HUMAN HOST
- SYNERGY BETWEEN VIRUS 

THERAPY AND 
CHEMOTHERAPY



QUESTIONS?
BIBLIO


