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Lentivirus

• Complex genome:
– Structural genes gag pol env
– Regulatory genes tat rev
– Accessory genes nef vpr vpu vif (viral fitness)

• Tropism for macrophages and lymphocytes
• Envelope: inside genome (2 RNA+) + RT, IN, 

PT
• Persistent infection /progressive chronic 

disease



Nuclear Translocation Pathway of Viral Genome

Oncoretrovirus

Mitosis-
dependent

Lentivirus
(HIV-1)

Nuclear transport
dependent
• Int (GagMatrix, Vpr)
• cPPT-DNA flap

•cPPT/CTS: A central
polypurine tract/central
termination sequence
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Lentivectors

• Hybrid viral particles replication defective 
composed by:
–Minimal set HIV1 core proteins
– Pericapsidic uncorrelated protein(VSV or 

MLV)
– Genome containing:

• transgene expression cassette
• flanked by HIV1 cis regulatory elements
• no viral genes



Pathogenesis vs vector biosafety

• tropism for T lymphocytes and macrophages
– env gene                DELETED in 1st GEN

• active replication rate and viral load
– LTR and tat gene    DELETED in 3rd GEN
– nef gene
– vif, vpu genes         DELETED in 2nd GEN
– vpr gene

• persistence
• genome diversity



Vector production

transfer vector
packaging vector

transient 
transfection

24h and 48h 
Supernatant collection

concentrationtitrationTarget cells

293T cells



Lentiviral Packaging Constructs



Lentiviral Transfer Vectors



Lentiviral Transfer Vectors



Last (3rd) generation LV

Packaging plasmids 

Envelope

SIN transfer vector



ppt 4-5fold higher titers
10e5TU/ng of p24

Moi and mfi

At high moi
High mfi
Because high integration

GFP

Integrated
vector

Follenzi et al Nat Genetics 2000
Gene transfer by lentiviral vectors is 
limited by nuclear translocation and 
rescued by HIV-1 pol sequences (on 
the role of ppt sequence)



Improvement in transduction - Primary cultures



CD34+ stem cells from cord blood

CD34+ stem cells from cord blood
Cytokine independence

CD34+ stem cells from cord 
blood engrafted in nod-scid mice
Analysis of bone marrow after 3 
months, high % of GFP in # cell 
lineages



The Intrinsic Pathway of Clotting

Fibrinogen Fibrin

Prothrombin Thrombin

FX FXa

Hemophilia B

FIX FIXa + FVIII

FXI FXIa

FXII FXIIa



CMV-FIX in tail vein of SCID



cPPT a CIS-acting sequence

• Nuclear translocation of viral genome is a rate limiting step of infection
– both in dividing and non-dividing cells
– dependent on

• viral proteins
• cis-acting nucleic acid sequences

• Restoring nuclear translocation improves vector performance
– increasing particle infectivity
– decreasing effective vector dose

•Restoring cis-acting sequences from HIV-1 pol gene into transfer vector
–promoted

•nuclear translocation of vector genome
•increased content of vector DNA in target cells



WPRE a regulatory sequence enhances 
transgene expression

Zufferey R et al, Journal of Virology, 1999



WPRE a regulatory sequence enhances 
transgene expression

Zufferey R et al, Journal of Virology, 1999

Genomic DNA

Transcription 

mRNA amount

mRNA stability



Vector Biodistribution after Systemic Delivery
CMVControl

GFP

Actin 604 bp

417 bp

ALB PGK

GFP

Actin 604 bp

417 bp

1 month after vector delivery
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GFP

Control ALB PGKCMV

Bone 
Marrow

Spleen

Liver

Transgene Expression after Systemic Delivery of LV

O.5% GFP+
M.F.I. 44

9.5% GFP+  
M.F.I. 239

11.3% GFP+  
M.F.I. 289



QUESTIONS?


