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Vektor Herpes virus  

Herpes Virus 
Herpes simplex virus (HSV):  a complex human neurotrophic virus  
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• HSV: 

– icosahedral capsid viral DNA genome in association with 
core proteins.  

– linear double stranded DNA of 152 kb encoding at least 80 
gene products  

– Around the capsid  an amorphous layer : tegument + 20 
different proteins with structural and regulatory roles, 
surrounded by an external envelope containing different 
glycoproteins involved in different functions, among which 
the first steps of binding and entry into the host cell.   

 

 

 

HSV receptors are ubiquitous 
on almost all cell types and 
tissues 
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1. Attachment 
2. Entry 
3. Transcription 
4. Translation  
5. Genome  

replication 
6. Assembly 
7. exit 

HSV-1 replication cycle. Stages in virion assembly include procapsid construction, packaging a copy of the 
genome in the procapsid and acquisition of the envelope by budding into a vesicle within the cytoplasm 

• The HSV-1 life cycle. The herpes simplex virus type 1 (HSV-1) 
enters epithelial cells by fusion of the virus envelope with the 
plasma membrane and the virus capsid is transported to the 
nuclear membrane. Viral DNA (represented in red and orange) is 
released into the nucleus where, upon interaction with a 
multiprotein complex formed by the VP16 tegument protein, the 
cellular factor Oct1 and other cellular factors, it is transcribed in a 
sequential cascade with immediate–early (IE) first, early (E) next 
and, finally, late (L) genes. Viral proteins are translated in the 
cytoplasm, and viral DNA is replicated and packaged into capsids in 
the nucleus. Capsids bud out through the nuclear membrane, 
acquiring the envelope during transit. Enveloped virions are then 
released at the cell membrane. The resulting virus particles can 
encounter and fuse with the cell membrane of peripheral nerve 
termini that innervate the site of primary infection. The viral 
nucleocapsid then travels via retrograde axonal transport to the 
neuronal cell body, where the virus can either proceed through the 
highly regulated cascade of lytic gene expression or enter latency, 
during which the lytic gene program is interrupted. As VP16 and 
the viral capsid reach the nucleus separately, it has been 
hypothesized that, if the protein is lost during axonic transport, 
entrance in latency is favoured. The virus possesses a natural 
promoter system (LAP1 and LAP2) that remains active during 
latency, producing a family of non-polyadenylated latency-
associated transcripts (LATs). Neuronal transcription factors, such 
as Oct2 and Pou4, have been reported to regulate gene expression 
negatively in latently infected neurones64. The virus is capable of 
reactivating itself from the latent state in response to a wide 
variety of stimuli that allow it to enter the lytic portion of the HSV 
life cycle. At this stage, progeny virions can be transported back to 
the site of the primary infection or the virus can enter the CNS. 

http://www.sciencedirect.com/science/article/pii/S0166223699015398#BIB64
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• The genome is a linear double stranded DNA of 
152 kb encoding ~ 80 gene products. The 
genome is replicating by a rolling circle 
mechanism forming head-to-tail concatamers.  

• During the replication, the presence of inverted 
repeats sequences flanking the two unique 
segments of the genome (unique long UL and 
unique short US) are causing the formation of 
four isomers equally infectious (Fig. 1).   

Formation of a concatemer 

not absolutely required in cell culture but are important for 
optimum lytic replication or affect the natural life cycle of the 
virus in vivo, contributing to host range, pathogenesis, or 
latency 

Required to produce new infectious 
viral particles in permissive cell 
culture infections 

• In the viral genome there are approximately 80 
gene products : 
– immediate early (IE or a),  
– early (E or b) and  
– late (L or g)  

• The viral DNA contains ~37 essential genes.  
• The US region of the genome 1 essential gene : 

glycoprotein D  replacement opportunity     
40-50 kb of exogenous sequences  reduce 
pathogenicity and loss of viral activities  not 
efficient for  gene delivery 
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HSV for gene therapy vectors 
• Attractive aspects from HSV    

– HSV displays a broad host cell range and its cellular receptors, HS, PILRα, HVEM, and 
nectin-1 and 2, are widely expressed on the cell surface of numerous cell types. 

– HSV is highly infectious. 

– Non-dividing cells may be efficiently infected and transduced by HSV. 

– Almost half of the about 90 known viral genes are nonessential for growth in tissue 
culture and then may be deleted to create genomic space for exogenous transgenes and 
to delete functions essential for viral virulence and toxicity in vivo.   

– Recombinant HSV vectors can be easily produced to high titer and purity without wild 
type (wt) contaminants. 

– The latent behaviour of the virus may be exploited for stable long-term expression of 
therapeutic transgenes in neurons. 

– HSV possesses the interesting features to be transported retrogradely in neurons and 
transferred across synapses and it is possible to take advantage of this virus 
characteristic to trace neuronal pathways 

HSV-1 genome and hSV-derived 
vectors 

• HSV as a vector for several potential 
applications in human health. 

i. delivery and expression of human genes to the 
nervous system cells 

ii. destruction of cancer cells 

iii. prophylaxis and immunotherapy against tumors  

iv. prophylaxis against infections with HSV and 
other infectious diseases. 
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Hespes Virus Vector  

Vectors based on HSV Type 1 : 

a) amplicon vectors,  

b) replication-defective viruses  

c) replication competent vectors  

d) bacterial artificial chromosome (BAC) vectors  

e) genetically engineered replication-competent 
viruses with restricted host range. 

• HSV-1 vector strategies for gene transfer to the CNS. The replication and packaging of amplicons, which uses a 
defective helper virus, requires a cell line that provides the complementing functions. The progeny will be a 
mixture of defective and amplicon-containing particles. Alternatively, the helper functions can be provided by a 
library of overlapping cosmids or by a bacterial artificial chromosome in a standard cell culture. In these cases, the 
progeny will be formed exclusively by amplicon vectors. Replication-defective HSV-1 vectors that contain deletions 
of essential functions cannot replicate in standard cell culture, and require complementing cell lines that provide 
the respective missing function. Replication-competent vectors with deletions of non-essential genes do not 
require specialized cell lines, and can be propagated in standard cell cultures. Abbreviations: ‘a’, HSV packaging 
recognition sequence; E. coliF, E. coli F-plasmid backbone; E. coli ori, E. coli origin of replication; HSV ori, HSV origin 
of replication; UL,unique long segment; US, unique short segment. 
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Amplicon vector 

Amplicon vector: 
• plasmid-derived vectors 

contain : 
• origin of HSV DNA 

replication (ori)  
• HSV cleavage–

packaging recognition 
sequences (pac) 

 

Fig. 2. HSV-1 vector strategies for gene transfer to the central nervous system. (A) Amplicons require the use of defective 
HSV-1 recombinants to package concatamers of an amplicon-plasmid DNA molecule containing the transgene in a 
specific cell line capable of complementing the defective mutant by providing the gene product in trans. In order for the 
plasmid to be packaged into HSV-1 particles, the plasmid must contain an HSV-1 origin of replication (HSV ori) and the 
packaging signal (`a' sequence). A mixed population of particles, primarily consisting of defective virus with a small 
percentage of packaged amplicon, can be inoculated into the brain. (B) Defective HSV-1 vectors containing deletions of 
essential functions cannot replicate in standard cell culture, and require specific cell lines which provide the respective 
gene product in trans for propagation. (C) HSV-1 recombinant vectors with deletions of non-essential genes do not 
require specialized cell lines, and can be propagated to high titers in standard cell culture 
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HSV Amplicon vectors 

• HSV Amplicon vectors  
– identical to wild type HSV-1 structurally, immunologically and 

host-range points of view 
– carry a concatemeric form of a plasmid DNA, named the 

amplicon plasmid, instead of the viral genome. 

• several advantages as gene delivery vehicles:  
– a large transgene capacity (150 kb);  
– the repetitive character of the genome carried by the amplicon 

particle ensures the introduction of multiple copies of the 
transgene per infected cell;  

– the ability to infect a wide variety of cell types, including 
dendritic cells;  

– the ease of vector construction;  
– the limited toxicity due to the lack of viral coding sequences. 

• contaminant helper particles, even if 
defective, induced significant cytotoxicity and 
inflammatory responses  

• The last generation of helper system: 

– consists of the entire HSV-1 genome, without pac 
signals,  

– bacterial artificial chromosome (BAC) in E. coli 
supplying the full set of transacting HSV-1 
functions.   
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Replication-defective vectors 

• viral vectors  mutated or deleted “essential” 
genes  

– several replication-defective vectors have been 
constructed in which the IE genes, expressing 
infected cell proteins (ICP) 0, 4, 22, 27 and 47, 
have been deleted in various combinations  

• For in vitro replication  complemented in 
trans 
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Replication-competent vectors 
Attenuated HSV vectors 

• Deletion of some non essential viral genes 
results in viruses that retain the ability to 
replicate in vitro, but are compromised in vivo, 
in a context dependent   

• Toxic and/or pathogenic properties of the 
virus  disabled prior its use as a gene 
delivery vector. 

 

HSV-1 based vectors applications 
 

• HSV-1 based vectors for nervous system gene 
therapy 

• HSV-1 vector design  
– elimination of the lytic viral gene expression and of 

the innate and immune responses (toxicity);  

– engineering of promoter systems to achieve 
appropriate, lasting transgene expression;  

– identification of strategies to target heterologous gene 
expression to specific neurons; and 

– simultaneous expression of multiple genes. 
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HSV-1 based vectors applications 
 

• HSV-1 based vectors for vaccination 
• several advantages of using HSV-1 as vaccine vectors 

for the delivery of foreign antigens : 
– to elicit strong and durable immune responses by various 

routes of inoculation  
– the viral DNA persists inside the host’s cell nucleus as an 

episomal element, thus eliminating the safety concerns 
deriving from the random integration of the viral genome 
into the host’s DNA;  

– They carry the tk gene, encoding the viral thymidine 
kinase, that, in case of undesired effects, can be used, in 
combination with specific antiviral drugs, to kill the virus-
harbouring cells.   
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HSV-1 BASED VECTORS FOR Vaccination  

 

HSV-1 BASED VECTORS FOR CANCER 
GENE THERAPY 

• HSV vectors have  

– wide-range natural hosts  

– efficiently infect numerous human tumour cell 
lines in vitro.  

•   
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FACTORS THAT MAY AFFECT HSV VECTORS 
EFFICACY for tumor gene therapy 

• the immune response to viral vectors, and  
– Immune Response to HSV Infection 

– Effect of Innate and Adaptive Immunity on Vector 
Efficacy 

• the complexity of the tumour mass 
– Enzyme Treatment or Expression 

– Viral-Induced Apoptosis 

– How to Investigate Viral Spread Inside Tumour 
ECM. 
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TARGETING REPLICATION-
COMPETENT VECTORS 

• Aim:  

– To prevent damage of healthy tissues,  

– to decrease the risk of germ line transduction,  

– to design vectors that can be administered 
intravenously  
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Imaging gene 
therapy 

• Radionuclide 
Imaging 

• Bioluminescence 
Imaging (BLI) 

NEW PERSPECTIVES IN TUMOUR 
ONCOLYTIC VIROTHERAPY 

• Oncolytic Virotherapy for the Cancer Stem 
Cells 

• MicroRNA in Oncolytic Virotherapy 


