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Structure and genome organization of the 
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Adenovirus IE and E gene expression





Alternative polyadenylation and splicing of adenoviral Major Late transcripts
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Adenoviruses: pathogenesis and diseases



Adenovirus-host cell interactions



•Causes benign respiratory tract infections
•Safety—lack of association with oncogenicity
•Well characterized and easily manipulated
•Stability and high titers of recombinant vectors
•Ability to infect a broad range of cell types, including
dividing and nondividing cells
•High transient expression levels
•High insert capacity (up to 37 kb, gutless AdV)
•Little risk of random chromosomal integration

Favorable Features of Adenoviral Vectors



Development of Adenovirus Vectors
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Development of Adenoviral Vectors

•Generated by replacing E1 and/or E3  with a foreign 

DNA (up to 6.5 kb, transgene + heterologous 

promoter-enhancer element) 

•The recombinant DE1 vectors are replication-

defective, and their replication depends on functions 

provided in trans

•The DE1unit vectors can be propagated and 

amplified to high titers using E1-expressing cell lines

•The vectors can infect cells in vitro and in vivo

•The expression lasts only 5-10 days due to immune 

response



Homologous recombination in 293 cells





Flow Chart for 1st Generation Ad Expression System
Clone foreign gene into

transfer vector

Co- transfect into HEK293 cells

Amplify a plaque

DE1 Adenovirus DNA Propagate and purify vector
containing foreign gene

Select and screen 
recombinant virus plaques

PCR
Southern

Immunoblotting
Immunostaining

Express gene & 
analyze protein

Prepare recombinant virus 
stock



Map of pJM17 plasmid: a modified Ad genome
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Homologous
recombination
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Generation of recombinants



PCR- Imunoblotting

PCR- Imunoblotting

Obtaining recombinant
AdV with the gene

of interest

Plaque purify
recombinant AdV with

the gene of interest

Propagate, titrate
and validate 

recombinant AdV
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Site-specific recombination in 293 cells



AdMax for Generation of Adenovirus vectors in HEK 293 cells



Cre-lox technology

1. Cre recombinase: a 38 kDa enzyme from 
phage P1 that catalyzes recombination between 
two loxP sites

2. LoxP sites: a specific 34-base pair 
sequences consisting of an 8-bp core 
sequence, where recombination takes place, 
and two flanking 13-bp inverted repeats



Adenoviral genomic plasmid for construction of Ad 
vector by Cre-loxP recombination 



Shuttle plasmids for Cre-loxP Ad vector construction



Site-specific recombination in E. coli



Generation of Recombinant 
Adenovirus Using the 
Transpose-Ad System

Escherichia coli

HEK 293



Generation of Recombinant 
Adenovirus Using by Direct

in vitro Ligation



Ligation method

Recombination
method

Standard 293 
Recombination
method

Comparison of different Ad systems time requirement





Adenovirus Vectors



Gutless Adenovirus Vectors



Third AdV vector generation in 293 cells



Helper-dependent Adenovirus Vectors
•Based on the finding that all adenoviral proteins can 
be supplemented in trans, thus coding sequences
can be eliminated to accomodate a transgene
•The only essential cis elements required for viral
propagation and packaging are ITRs and signal (y)
•The “gutless” vector further reduces immunogenicity
and enhances insert capacity
•The vector is transfected into 293 cells together with 
a mutant helper adenoviral vector (y-deleted) 
(HDAdV)
•The “gutless” vector can infect different cells in vitro 
and in vivo, the expression can last up to 80 days



“Gutless” Adenovirus Vectors

A gutless vector contains only the origin-of-replication-containing
inverted terminal repeats (ITR), the packaging signal (y), the
viral E4 transcription unit, and the transgene with its promoter



Generation of HDAdV Vectors



Flow chart of the large-scale production of HDAd. The HDAd plasmid DNA (pHDAd) is linearized
with the restriction enzyme PmeI before transfection to producer cell, 116 cell overexpressing
Cre. HDAds are amplified by serial co-infection of helper virus and subjected to a 10-chamber cell
factory. HDAd virions are purified from cell lysate by CsCl ultracentrifugation;

Overview of the production of Helper-dependent AdV vectors
(HDAdV)



Viral vectors



Strategies to achieve targeted
gene expression from AdV

a) Transcriptional targeting is generally
achieved by placing the transgene under
the control of a cell-type-specific
promoter.

b) Tumour-specific transcriptional
targeting from a conditionally replicating
adenovirus vector.

c) Transductional targeting by
redirecting the vector capsid to new
cellular receptors using molecular
adaptors (usually bi-specific antibodies),
or by genetically altering receptor-binding
proteins in the virus capsid so that they
recognize and bind to alternative
receptors

d) Combining transductional targeting
with transcriptional targeting can further
increase the efficacy and specificity of
viral vector-mediated transduction



Strategies to achieve targeted gene expression from AdV



AdV vectors - a research lab application:
generation and validation of a 

dnIKK2-expressing 1st generation AdV vector





1 mswspslttq tcgawemker lgtggfgnvi rwhnqetgeq iaikqcrqel sprnrerwcl 
61 eiqimrrlth pnvvaardvp egmqnlapnd lpllameycq ggdlrkylnq fenccglreg
121 ailtllsdia salrylhenr iihrdlkpen ivlqqgeqrl ihkiidlgya keldqgslct 
181 sfvgtlqyla pelleqqkyt vtvdywsfgt lafecitgfr pflpnwqpvq whskvrqkse 
241 vdivvsedln gtvkfssslp ypnnlnsvla erlekwlqlm lmwhprqrgt dptygpngcf 
301 kalddilnlk lvhilnmvtg tihtypvted eslqslkari qqdtgipeed qellqeagla 
361 lipdkpatqc isdgklnegh tldmdlvflf dnskityetq isprpqpesv scilqepkrn 
421 laffqlrkvw gqvwhsiqtl kedcnrlqqg qraammnllr nnsclskmkn smasmsqqlk
481 akldffktsi qidlekyseq tefgitsdkl llawremeqa velcgrenev kllvermmal 
541 qtdivdlqrs pmgrkqggtl ddleeqarel yrrlrekprd qrtegdsqem vrlllqaiqs 
601 fekkvrviyt qlsktvvckq kalellpkve evvslmnede ktvvrlqekr qkelwnllki 
661 acskvrgpvs gspdsmnasr lsqpgqlmsq pstasnslpe pakkseelva eahnlctlle 
721 naiqdtvreq dqsftaldws wlqteeeehs cleqas 

Generation and validation of dnIKK2 adenoviruses:
aminoacid sequence of human IKKb

Mercurio,F., Zhu,H., Murray,B.W., Shevchenko,A., Bennett,B.L., Li,J.W.,
Young,D.B., Barbosa,M., Mann,M., Manning,A. and Rao,A. IKK-1 and IKK-
2: cytokine-activated IkappaB kinases essential for NF-kappaB activation.
Science 278, 860-866 (1997)



Suggested reading: Science, 278, 860- 866, 1997

Mutation of Ser177 and Ser181 to
Glu (S177E, S181E) mimics TNF-
a-stimulated NF-kB-mediated
gene activation

Mutation of Lys44 to Met (K44M)
and of Ser177 and Ser181 to Ala
(S177A, S181A) inhibits TNF-a-
stimulated NF-kB-mediated gene
activation.
Thus, IKK2 K44M acts as a
dominant-negative protein.



Generation and validation of dnIKK2 adenoviruses:
generation of pACCMVdnIKK2

K44 M

IKK2FLAG

For: 5’-AAAAGAATTCGCCACCATGGACTACAAGGACGACGATGACAAGAGCTGGTCACCTTCCCTG-3’
Met  Asp Tyr Lys Asp Asp Asp Asp  Lys Ser  Trp  Ser  Pro Ser Leu

EcoR I



A B C
pJM17 (1.6 µg/µl)   6.2 µl 6.2 µl 6.2 µl
pACCMVdnIKK2 (1.5 µg/µl)    - 9.5 µl -
pACCMVLacZ (2.0 µg/µl) - - 5µl 
H20 to 226 µl
1 MCaCl2 74 µl            74 µl            74 µl
2 xHBS 300 µl          300 µl          300 µl

•Glycerol shock –15% for 1 min after 6 h.
•Wash and incubate in growth medium for 6 days
•Collect supernatant and scrape off cells. Lysis by freezing  
and thawing. Save supernatants and store at –80°C.  

Generation and validation of dnIKK2 adenoviruses:
co-transfection of 293 cells

•Plate 5 x105 293 cells in 6 cmf dishes in DMEM +10% FCS



Generation and validation of dnIKK2 adenoviruses:
isolation and screening of adeno plaque isolates 

from vector rescues

•Infect subconfluent 293 cell monolayers with 1 ml containing 
viral stock dilutions between 10-3 and 10-9. Agarose overlay.

•After 4-6 d pick well isolated plaques and amplify on 293 
monolayers. Titrate viral stocks P1 on 293 monolayers.

•Infect target cells with P1 stocks and screen for dnIKK2
expression by immunoblotting (FLAG and pIKK2)



IKK2

FLAG

actin

Generation and validation of  dnIKK2 adenoviruses:
screening plaques for dnIKK2 expression

m p1 p2 p3 p4



Generation and validation of dnIKK2 adenoviruses:
amplification of dnIKK2 adenoviral clones 

•Infect subconfluent 293 cell monolayers (4.5 x106 cells/175 
cm2 flask) at a MOI of 1 PFU/cell. 

•Recovery supernatants and scrape off cells. Lysis by 
freezing and thawing. Titrate viral stocks P2 on 293 cells.

•Infect target cells with P2 stocks (MOI 5 to 500) and 
characterize dnIKK2 expression and the impairment of 
endogenous IKK2 functions (NF-kB activation and viral gene 
expression)
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Caposio et al., 2007

CREB

NF-kB
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AdV vectors - a research lab application:
generation of a GFP-expressing AdZ 

vector by the recombineering technology 



E.coli SW102



The AdZ adenovirus cloning system 



The AdZ adenovirus cloning system 



The AdZ adenovirus cloning system: PCR your gene 
Primer design: 100 bp primers with 20bp homology to the sequence to be inserted at 
the 3’ end and 80 bp arms of homology to target insertion site on the BAC 



Flow Chart for the AdZ Expression System

PCR amplification of G.of I. 

Electroporate E. coli Sw102 
cells containing pAdZ-BAC

Select and screen 
recombinant bacmidPCR

Express gene & 
analyze protein

Prepare recombinant virus 
stock

Transfect in HEK293 cells

Gel purify PCR product



GFP A2A1

A1 A2Ampr LacZ SacB

AdZ5-CV5
SW102 

BAC

Cloning strategy in AdZ5

A1 A2Ampr LacZ SacB

AdZ5-CV5
SW102 

BACRed abg

42°C, 15 min

Select in:

LB+5% sucrose+CAF
BAC

GFP A2A1

AdZ5-CVGFP
SW102 



The AdZ adenovirus cloning system: selection of recombinants  

The sacB gene encodes the secreted enzyme levansucrase. The enzyme catalyzes the formation of 
high molecular weight fructose polymers. If this gene is expressed in a Gram-negative cell it will
accumulate in the periplasm and catalyze the formation of large polymers. The accumulation of these
polymers in the periplasm interferes with metabolism of these strains. Thus, the sacB gene is lethal to a 
Gram-negative cell growing on a medium containing 5% sucrose



#F140

mock MOI 0.1 MOI 0.5 MOI 1

MOI 2 MOI 5 MOI 10 MOI 50

Expression of GFP (48 h p.i.) in HELFs infected with AdZ-GFP



Adenovirus Vectors and 
Gene Therapy



AdV vectors and gene therapy



Gene therapy: for what?

2017 - n. 2597



Gene therapy of monogenic diseases: to delivery a gene to
patients with either lack the gene or carry defective versions of it

Is it possible to use viral vectors to do it? 



Gene therapy : main viral vectors systems





Gene therapy: adenoviral vectors in clinical trial 



Adenovirus Vectors and 
Cancer Virotherapy 



Adenoviral Vectors and Cancer Therapy



The Innate Inflammatory Response to AdV Vectors may
Contribute to Cancer Immunotherapy
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Table 1. List of functional molecules used with Ad-based vectors in clinical trials in the USA. 

Function Gene Cancer type Clinical trial Code 

Cytokine 

IFNȕ 
Pleural Mesothelioma,  
Colorectal Carcinoma 

NCT00299962, 
NCT00107861 

IFNĮ2b Mesothelioma NCT01212367 
IFNȖ B-Cell Lymphoma NCT00394693 

IL-12 
Breast Cancer, Colorectal Cancer,  
Prostate Cancer, Melanoma, Neoplasms 

NCT00849459, 
NCT00072098, 
NCT00406939, 
NCT01397708, 
NCT00110526 

IL-2 Neuroblastoma NCT00048386 
MDA-7 (IL-24) Malignant Melanoma NCT00116363 

TNFĮ Esophageal Cancer, Pancreatic Cancer 
NCT00051480, 
NCT00051467 

GM-CSF Malignant Solid Tumor NCT01598129 
FLt3L Malignant Glioma NCT01811992 

Tumor 
suppressor 

p53 

Squamous Carcinoma,  
Lip and Oral Cavity Cancer,  
Head and Neck Carcinoma,  
Brain Tumors, Liver Cancer,  
Ovarian Cancer, Lung Cancer,  
Bladder Cancer, Breast Cancer 

NCT00041613,  
NCT00064103,  
NCT00004041,  
NCT00003147,  
NCT00003880,  
NCT00003649,  
NCT00003167  

REIC/Dkk-3 Prostate cancer NCT01197209 
RTVP-1 Prostatic Neoplasms NCT00403221 

Suicide 
molecule 

TK 
Malignant Glioma, Brain Tumors, 
Hepatocellular Carcinoma, Ovarian Cancer, 
Melanoma, Pancreatic Cancer 

NCT01811992,  
NCT00002824,  
NCT00844623,  
NCT00638612,  
NCT00005057 

Costimulatory 
molecule 

CD40L 
Malignant Melanoma, Bladder Cancer, 
Breast Cancer, Neoplasms, Leukemia, 
Lymphoma 

NCT01455259, 
NCT00706615, 
NCT00504322, 
NCT00942409 

Anti-angiogenic 
molecule 

Endostatin 
Head and Neck Squamous Carcinoma, 
Advanced solid tumors 

NCT00634595, 
NCT00262327 

Antigen PSA Prostate cancer NCT00583752 

The first decision in the design of an HDAd vector for cancer gene therapy is to identify a 
combination of transgenes that have complementary anti-tumor activities for incorporation into the 
HDAd. Table 1 summarizes transgenes that have been used with Ad-based vectors in clinical trials in 
the USA [70]. The majority of these trials have used a single Ad vector encoding a single transgene. 
However, one clinical trial for malignant glioma used 2 FGAds; one encoding an HSV TK suicide gene 
driven by a tumor-specific promoter and the other encoding an immunostimulatory FMS-like tyrosine 
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induce oncolysis, producing little overall net benefit [66]. This limited capacity of Onc.Ad could be 
overcome by combining different Onc.Ads expressing different immunomodulatory molecules. 
However, increasing the amount of Onc.Ad (or additional other Onc.Ads) may increase the Ad 
dependent side effects (toxicity). Reduction of an individual Onc.Ad amount to lower toxicity may 
lead to the reduction of an evoked immune response due to the immunomodulatory molecules encoded 
in Onc.Ads. Based on previous clinical trials with oncolytic viral vectors expressing Granulocyte 
Macrophage Colony-stimulating Factor (GM-CSF) [67,68], another obstacle of expressing multiple 
immunomodulatory molecules encoded within oncolytic viral vectors, including adenovirus, is that the 
activated immune system armed with immunomodulatory molecules may prematurely suppress 
therapeutic virus replication. Since HDAds by themselves lack in vivo tumor-lytic capacity, HDAd 
treatment may not promote the presentation of TAAs to antigen-presenting cells as is seen with 
Onc.Ad treatment. This problem could be overcome by the inclusion of a transgene with inducible 
lytic activity (e.g., HSV thymidine kinase, inducible caspase 9 [69]) to induce cancer cell-specific cell 
death, thereby resulting in the presentation of TAAs after other immunomodulatory transgenes have 
been evoked. It is now clear that tumors have immense heterogeneity. Intra-tumorally injected HDAds may 
transduce both cancer cells and stromal cells (e.g., fibroblasts). If a suicide gene, driven by a tumor-specific 
promoter, was encoded in an HDAd, its activation would functionally eliminate tumor cells, leaving 
transduced stromal cells to continue their expression of immunostimulatory molecules (Figure 4).  

Figure 4. Schematic diagram of the approach of cancer gene therapy with HDAds. HDAd 
encoding multiple transgene expression cassettes is intratumorally injected into patient. 
Suicide gene is driven by cancer cell specific promoter, while other functional molecules 
are driven by ubiquitous and/or regulatable promoters. Patient will be treated with  
pro-drug, and cancer cells transduced with HDAd will result in cell death. HDAd vectors 
transduced in tumor stroma cells (e.g., fibroblast) still remain and express functional 
molecules in tumor. These functional molecules may activate the infiltrated APCs and 
enhance the establishment of anti-tumor immunity of host immune system. 

 
  

An example of cancer gene therapy with AdV vectors



Biomedicines 2014, 2 122 
 

 

Table 1. List of functional molecules used with Ad-based vectors in clinical trials in the USA. 

Function Gene Cancer type Clinical trial Code 

Cytokine 

IFNȕ 
Pleural Mesothelioma,  
Colorectal Carcinoma 

NCT00299962, 
NCT00107861 

IFNĮ2b Mesothelioma NCT01212367 
IFNȖ B-Cell Lymphoma NCT00394693 

IL-12 
Breast Cancer, Colorectal Cancer,  
Prostate Cancer, Melanoma, Neoplasms 

NCT00849459, 
NCT00072098, 
NCT00406939, 
NCT01397708, 
NCT00110526 

IL-2 Neuroblastoma NCT00048386 
MDA-7 (IL-24) Malignant Melanoma NCT00116363 

TNFĮ Esophageal Cancer, Pancreatic Cancer 
NCT00051480, 
NCT00051467 

GM-CSF Malignant Solid Tumor NCT01598129 
FLt3L Malignant Glioma NCT01811992 

Tumor 
suppressor 

p53 

Squamous Carcinoma,  
Lip and Oral Cavity Cancer,  
Head and Neck Carcinoma,  
Brain Tumors, Liver Cancer,  
Ovarian Cancer, Lung Cancer,  
Bladder Cancer, Breast Cancer 

NCT00041613,  
NCT00064103,  
NCT00004041,  
NCT00003147,  
NCT00003880,  
NCT00003649,  
NCT00003167  

REIC/Dkk-3 Prostate cancer NCT01197209 
RTVP-1 Prostatic Neoplasms NCT00403221 

Suicide 
molecule 

TK 
Malignant Glioma, Brain Tumors, 
Hepatocellular Carcinoma, Ovarian Cancer, 
Melanoma, Pancreatic Cancer 

NCT01811992,  
NCT00002824,  
NCT00844623,  
NCT00638612,  
NCT00005057 

Costimulatory 
molecule 

CD40L 
Malignant Melanoma, Bladder Cancer, 
Breast Cancer, Neoplasms, Leukemia, 
Lymphoma 

NCT01455259, 
NCT00706615, 
NCT00504322, 
NCT00942409 

Anti-angiogenic 
molecule 

Endostatin 
Head and Neck Squamous Carcinoma, 
Advanced solid tumors 

NCT00634595, 
NCT00262327 

Antigen PSA Prostate cancer NCT00583752 

The first decision in the design of an HDAd vector for cancer gene therapy is to identify a 
combination of transgenes that have complementary anti-tumor activities for incorporation into the 
HDAd. Table 1 summarizes transgenes that have been used with Ad-based vectors in clinical trials in 
the USA [70]. The majority of these trials have used a single Ad vector encoding a single transgene. 
However, one clinical trial for malignant glioma used 2 FGAds; one encoding an HSV TK suicide gene 
driven by a tumor-specific promoter and the other encoding an immunostimulatory FMS-like tyrosine 



Adenoviral Vectors and Cancer Therapy



Adenovirus-based
p53 therapy

Adenoviral Vectors and Cancer Therapy



Adenovirus Structural Proteins E4

E3E2

p53

CMV Promoter Human wt p53 cDNA

E1A/E1B Deleted

(E1)

SV40 Poly A

35.4 kb Adenovirus genome35.4 kb Adenovirus genome

2.3 kb Expression cassette insert2.3 kb Expression cassette insert

ADVEXIN® Construct

Hexon
Penton
Fiber
Core

Core

Hexon associated



Clinical Pipeline
Product (Target) Pre-Clinical Phase I Phase II Phase III

ADVEXIN (p53) 

Head and Neck (monotherapy)

Head and Neck (combo/chemo)

Lung Cancer

Breast Cancer

Esophageal Cancer

+ 4 additional solid cancers

INGN 241 (mda-7/IL-24)

Solid Tumors + XRT

Melanoma

INGN 225 (p53 Immunotherapy)

Small-cell  Lung Cancer

Breast Cancer

INGN 401 (Nanoparticle-FUS-1)

Lung Cancer

INGN 234 (Mouthwash)

Oral cancers



•Gendicine® consists of the human wild-type p53 tumor suppressor gene and an Adv

vector. It was the first approved (2003) commercial gene therapy product in the world.

•Gendicine® has acquired all licenses and approvals issued by SFDA (State Federal Drug

and Food Administration of China), including the new drug license, manufacturing approval,

and GMP license.

•Gendicine® is considered a wide spectrum anti-cancer product since it targets a variety of

human tumors.

•Safety of Gendicine® until now about 30,000 patients with a variety of more than 40

cancers from China and abroad have been treated by Gendicine®. It indicates that

Gendicine® is safe. When combined with chemotherapy and radiotherapy has
demonstrated significantly higher response rates than for standard therapies alone

Gendicine® 



AdV-based Oncolytic ViroTherapy
of Cancer

Oncolytic ViroTherapy

Following viral infection a normal, non-
neoplastic cell is capable of evading
viral infection due to its intact antiviral
defenses. By contrast, teh defective
antiviral defenses associated withe
neoplasis result in unchecked viral
replication occurring within the tumor
cell, with consequent oncolysis. 



Adenoviral Vectors and Cancer Therapy



Cancer-selective killing efficacy of oncolytic Adenovirus.



Cancer-selective killing by ONYX-105 oncolytic Adenovirus.

The 55-kDa E1B protein of Adenovirus, which
binds to and inactivates the tumor suppressor
protein p53, is not expressed in ONYX-105. 
The mutant virus due to a deletion in E1B is
able to replicate only in cells deficient for wild-
type p53. 



H101 (Recombinant Human Adenovirus Type 5 
Injection; Brand name: Oncorine®) is on 
market since September, 2006.
Oncorine is the first oncolytic virus drug which
was approved in the world 

Recombinant AdV as Oncolytic Viruses

The 55-kDa E1B protein of Adenovirus, which binds to and inactivates the tumor suppressor
protein p53, is not expressed in this adenoviral mutant. The mutant virus due to a deletion in 
E1B is able to replicate only in cells deficient for wild-type p53. 



Mechanism of H101 oncolytic action

H101 (Recombinant Human Adenovirus Type 5 
Injection; Brand name: Oncorine®) is on 
market since September, 2006.
Oncorine is the first oncolytic virus drug which
was approved in the world 

The 55-kDa E1B protein of Adenovirus, which binds to and inactivates the tumor suppressor
protein p53, is not expressed in this adenoviral mutant. The mutant virus due to a deletion in 
E1B is able to replicate only in cells deficient for wild-type p53. 




