
Cherish your doubts, for doubt 
is the attendant of the truth
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Adenovirus genome
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1st generation adenoviral vectors



1st generation adenoviral vectors
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Ad modulates cell functions

inflammation



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
• Replication Competent Adenovirus => new lines, new vectors
• transcomplementation => new vectors



Ad entry into cells
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Ad modifications for targeting

• bispecific ABs 
antifiber/antireceptor (nabs)

• bispecific abs anti fiber 
insert/antireceptor 
(antiflag/antireceptor)

• fiber inserts (RGD)
• hexon inserts
• penton base inserts



Immune response to adenoviral vectors

Inflammation
cytotoxic T-lymphocytes 

Abs
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IL-6 and TNF-𝛼 in the immune response to Ad

• IL-6 inflammatory 
cytokine

• IL-6 in rabbit model of Ad 
induced pneumonia

• IL-6 in Ad injected 
patients

• TNF- 𝛼 inflammatory 
cytokine

• anti-TNF genes in Ad



Ad reinjection in TNF-𝛼 KO

+/+ +/- -/-



2nd generation Adenoviral vectors
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3rd generation Adenoviral vectors
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3rd generation Ad vectors: advantages

• size of the insert (36kb)
• low immunogenicity (no viral sequences)
• long term expression



3rd generation ad vectors: disadvantages

• titers
• instability
• helper contaminations
• stuffer?



• Welsh Cell 1993 Adenovirus mediated gene transfer transiently corrects the 
chloride transport defect in nasal epithelia of patients with cystic fibrosis

• Wilson Nature Genetics1993 Gene therapy in a xenograft model of cystic 
fibrosis lung corrects chloride transport more effectively than the sodium 
defect

• Peschanski Nature Genetics 1993 Transfer of a foreign gene into the rat brain 
using adenovirus vectors

• Wilson 1993 Direct gene transfer of human CFTR into human bronchial 
epithelia of xenografts with E1-deleted adenoviruses

Adenovirus mediated gene therapy: history



Ad-mediated gene therapy: history (follows)

• Crystal Nature Genetics 1994 Administration of an adenovirus 
containing the human CFTR cDNA to the respiratory tract of 
individuals with cystic fibrosis

• Wilson Nature Genetics 1996 Effective treatment of familial 
hypercolesterolaemia in the mouse model using adenovirus-mediated 
transfer of the VLDL receptor gene

• McCormick Science 1996 An adenovirus mutant that replicates 
selectively in p53 deficient human tumor cells



Cystic fibrosis gene therapy

• Autosomal recessive disease caused by mutations in the 
transmembrane conductance regulator (CFTR)

• The Cl- channel is deregulated => defective Cl- transport => 
lung disease
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Cell 93: AdCFTR in human patients

Healthy patient 

Day 0

Day 7

Check of ion transport:
amiloride creates a gradient and if the channel works, terbutaline makes Cl- going out
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Nature Genetics 93/94

“Semi-in vivo”
AdCFTR in human 

bronchial xenografts 
implantation into nu/nu 

mice 

Bronchus ->

Xenograft ->

Ad-CFTR



AdCFTR in human bronchial epithelial xenografts; 1 
week after infection
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Nat Gen 93 Wilson/Perricaudet



Ion function in AdCFTR infected human bronchial 
xenografts

Nat Gen 93 Wilson/Perricaudet



Ad-residual activity in bronchial xenografts

Nat Gen 93 Wilson/Perricaudet



AdCFTR in humans: immunocytochemical detection of 
CFTR in human bronchial cells

A: pretherapy
B: prether inf in vitro
C: pretherapy
D: 4 d after AdCFTR
E: 4 d after AdCFTR
F: pretherapy
G: 4d after AdCFTR
H: 4d after AdCFTR
I : control ab

Crystal Nat Gen 94



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



2nd generation adenoviral vectors
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Adeno-death
(clinical trials Wilson)

• 18 year old boy
• To correct ornithyne transcarbamylase deficiency (OCT), a 

metabolic disease that can induce ammonia accumulation in the 
body

• Ad-OCT 3.8 x10e13 2nd generation vector (E1-deleted, E2A-
temperature-sensitive) in the hepatic artery

• Patient dyes 4 days after injection



Why?

Science 1999 Marschall



• 5 year investigation
• According to an investigation by the university, Gelsinger died 

from an immune reaction to the adenovirus vector. 
• The justice department alleged that the researchers and their 

institutions made false statements regarding the safety of the 
trial to the National Institutes of Health, the Food and Drug 

Administration, and the institutional review board that oversaw 
the research.

• 3 researchers will pay 1 million $
• The terms of the settlement state that a monitor will supervise 

Wilson's work in humans for three years, and he will be allowed 
to conduct only one trial at a time. Any of Wilson's animal 

research that could affect patient safety will also be supervised.
• Wilson : retraining for clinical trial, clinical trials in 2010

Sanctions agreed over teenager’s gene therapy death

Nature, 2005
http://www.nih.gov/catalyst/2000/00.01.01/page1.html
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Ad gutless in mice

Shiedner et al Nat Gen 1998



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



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



Simian Adenovirus

Morris et al, Future Virology, 2016



Adenovectors for COVID-19 
vaccination


