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Editorial

are not retained efficiently in the progeny. MoreHybrid vectors: a new generation of virus-
importantly, in nondividing cells, a single administrationbased vectors designed to control the of Ad- or HSV-1-based vectors results in transgene

cellular fate of delivered genes expression that decays over time. We hypothesize that
the introduced vector sequences in nondividing cells per-Gene therapy can be defined simply as the delivery of

specific nucleic acid sequences to host cells, which results sist, but assume a conformation that inactivates transcrip-
tion. This may be analogous to the latent stage of thein a clinically relevant phenotypic change. The promise

of this technology is that mechanisms of disease can be HSV-1 life cycle, in which the viral genome becomes
methylated and histone-bound, and gene expression isaltered at a more fundamental level than conventional

forms of treatment, leading to new and more effective essentially quiescent. Therefore, long-term transgene
expression may be critically related to the physical stateinterventions. Successful gene therapy is dependent on

several steps, including targeting to the desired tissue, of the vector sequences, particularly in respect to access
of the introduced regulatory regions to the transcriptionalefficient transduction of cells, and maintenance of trans-

gene expression for a period of time that is clinically sig- machinery of the cell.
A new generation of gene delivery vectors has beennificant. The most efficient vehicles for gene delivery are

vector systems based on animal viruses. These vectors introduced which is designed to control the fate of
delivered transgenes within the nucleus of transducedare designed to utilize specific biological properties of

viruses, such as cell receptors for entry, that have evolved cells. Specific viral elements have been incorporated
which maintain the input DNA in a physical state thatover time in relationship with the host. Furthermore,

viral genetics are relatively simple, well characterized can support expression and replication. This has been
achieved by adding elements that either direct inte-and easily manipulated; features that facilitate the design

of vectors with predictable biological properties. Several gration into the host genome, or allow the vector to repli-
cate autonomously as an episomal element within cells.different viruses have been used as the basis for gene

delivery vectors, but the success of these systems is the These vectors use elements from different viruses that
specify the physical state of the introduced vectorproduct of two broad goals: maintaining the biological

advantages of viruses that have been selected by nature, sequences and have been termed ‘hybrid’ vectors. Hybrid
vectors are intended to combine advantageous propertieswhile reducing viral determinants of cytopathic effect.

A major hurdle in gene therapy is stable transgene of current vector systems including broad host ranges,
large transgene capacity and high titers, with heterolog-expression. Long-term transgene expression is important

because repeated administration augments the host ous elements that confer genetic stability to the vector
DNA for long periods. Specific vectors are described inimmune response, which leads to inhibition of gene

delivery, modulation of gene expression and immuno- Table 1.
The lentiviral vectors have become the prototype forpathology. Furthermore, the physical introduction of vec-

tors can be invasive and contribute to cytopathic effect. delivery systems that specify the cellular fate of trans-
genes.1 Unlike other retroviruses, human immunodefi-After successful delivery has occurred, expression of

the introduced transgene can be further diminished by ciency virus type 1 (HIV-1) efficiently targets to the
nucleus of infected cells and encodes a viral integrasepromoter inactivation, physical loss or degradation of

vector sequences, cytotoxic effect of the vector on the host that inserts a provirus copy into the genome of nondivid-
ing cells. HIV-1, however, has a limited host range, lowcell and immune response to viral and transgene pro-

ducts. Current strategies for attaining vector-driven long- titers, and determinants of pathogenesis that limit its util-
ity as a vector system. These problems have been circum-term expression include the introduction of promoter or

enhancer elements that control stable, cell- or tissue-spe- vented by retaining advantageous elements of HIV-1,
reducing the viral determinants of pathogenesis, and sub-cific expression. However, the fundamental goal of stable

transduction is likely to be dependent on the mainte- stituting the HIV envelope proteins with the vesicular
stomatitis virus (VSV) G surface glycoprotein. The vectornance of the introduced vector sequences in a physical

state that can support long-term gene expression. Vectors is produced using a three plasmid cotransfection proto-
col: (1) an HIV-1 packaging plasmid; (2) a vector plasmidthat exist as nonreplicating extrachromosomal elements

in the nucleus of transduced cells, such as those derived containing the HIV-1 packaging signal and viral inte-
grase, with a CMV promoter-driven transgene; and (3) afrom herpes simplex virus type 1 (HSV-1) and adeno-

virus (Ad), do not support long-term expression. If the plasmid that expresses the VSV G surface glycoprotein.
Important features of the HIV-1 parent virus are retained,target tissue is composed of dividing cells, these vectors
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Table 1 Hybrid vectors

Vector/Author/Ref Viral backbone Parent vector Heterologous Intent of design
features elements

Lentivirus HIV-1 (1) HIV integrase VSV G surface (1) Integration in dividing and nondividing cells
Naldini et al1,2 (2) HIV packaging protein (2) Broad host range

(3) High titers after purification

HSV/AAV HSV-1 amplicon HSV-1 packaging (1) AAV Rep gene (1) Site specific integration in dividing and
Johnston et al7 (2) AAV inverted nondividing cells

terminal repeats (2) Transgene amplification
(ITRs)

Ad/AAV Adenovirus Ad packaging (1) AAV ITRs (1) Site-specific integration
Fisher et al8 (Ad) (2) AAV Rep genea (2) Transgene amplification

HSV/EBV HSV-1 amplicon HSV-1 packaging (1) EBV ori-P Episomal retention and replication in dividing
Wang and Vos11 (2) EBV EBNA cells

gene

aAAV Rep gene is added as an additional component to the Ad/AAV hybrid by polylysine conjugation of an expression plasmid to
the recombinant Ad virions.

such as the packaging signal, and genes that encode gene in the presence of either Ad or HSV-1 helper
functions (F Smith, unpublished results). In dividingintegrase and nuclear localization. Nonessential HIV

genes such as env and the regulatory genes vif, vpr, vpu cells, a HSV/AAV hybrid vector containing the neo-
mycin resistance gene directs the formation of stable col-and nef, which are virulence factors, have been deleted

from the vector plasmid. In contrast to the HIV-1 parent, onies in human cells that grow under selection and
remain stable for .25 passages (D Jacoby, unpublishedVSV pseudotyped lentiviral vectors have a broad host

range and stable physical properties that allow purifi- results). Moreover, 30–40% of hybrid vector transduced-
cells form stable colonies, in contrast to essentially no col-cation of high titrated stocks. This vector system has been

tested extensively in the post-mitotic environment of the ony formation mediated by traditional HSV-1 amplicon
vectors, suggesting that the HSV/AAV vector is capablecentral nervous system and has demonstrated: (1) trans-

duction of neurons in vivo; (2) sustained transgene of integration into dividing human cells. The hybrid vec-
tor, in comparison with traditional HSV-1 amplicon vec-expression in post-mitotic cells for months; and (3) lack of

inflammatory response.2,3 The HIV-1 integrase function is tors, has been shown to extend transgene expression in
dividing human glioma cells,7 human and rodent hepatica necessary requirement for long-term transgene

expression in post-mitotic cells, supporting the hypoth- cell lines, and nondividing cells in the rodent liver12 and
rodent CNS in vivo (D Jacoby, unpublished results). Thisesis that the physical state of the introduced sequences is

critical for gene therapy of post-mitotic tissues. vector, when packaged in the helper virus-free system,
shows minimal cytopathic effect in culture and in vivo,We have constructed an HSV-1 based hybrid amplicon

that combines desirable features of both the parent virus and constitutes a ‘virtual’ synthetic vector in which deliv-
ery of the transgene is mediated by HSV-1 virions in theand adeno-associated virus (AAV). Amplicon vectors are

shuttle plasmids that contain the HSV-1 elements neces- absence of HSV-1 genes.
A hybrid vector of similar rationale was constructed bysary for both viral DNA replication and packaging into

virions. Amplicons containing one or more genes of inter- inserting an AAV ITR flanked marker gene into a parent
adenovirus (Ad5) deleted in the E1a and E1b genes. Theest can be packaged into HSV-1 virions either by repli-

cation defective HSV-1 helper virus4 or by the recently Ad/AAV hybrid vector did not include the AAV rep gene
due to its inhibitory effect on the replication of aden-described helper virus-free method.5 This vector has been

modified by the addition of the AAV rep gene and the ovirus. Instead, a plasmid expressing the AAV Rep iso-
forms was conjugated to the virion surface by a poly-l-AAV inverted terminal repeats (ITRs). AAV ITRs are cis-

acting elements that in the presence of AAV Rep mediate lysine bridge, thereby bringing in the AAV rep gene as
an extraviral component.8 The Ad/AAV hybrid vectorboth amplification and subsequent integration of a

desired gene into a specific site (AAVS1) in the human supports transgene amplification, as demonstrated by
AAV packaging, but this system has not yet been charac-genome on chromosome 19q13.3.6 The HSV/AAV hybrid

vector is designed to utilize the HSV-1 properties of entry terized for its ability to direct transgene integration or
long-term gene expression.and nuclear localization, and the AAV properties of

transgene amplification and integration into a nonessen- Lentivirus vectors and hybrid vectors containing AAV
components are designed to promote stable long-termtial locus in nondividing human cells. An essential ques-

tion is whether AAV elements function in the context of expression by integration into the host genome of slowly
dividing, quiescent or post-mitotic cells. Vectors thatan HSV-1 amplicon vector. Amplification of ITR-flanked

transgenes from the hybrid amplicon has been demon- undergo recombination with the host genome have theor-
etical drawbacks, such as insertional damage of hoststrated by rescue experiments, in which the transgene

cassette is packaged into AAV virions when cotrans- genes, or integration of the transgene into a transcrip-
tionally silent locus. Of note, lentivirus vectors have notfected with plasmids bearing the AAV structural (cap)
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in development of virus-based systems. Achieving thisor transgene silencing. HIV-1-directed integration does

not occur with known site specificity, and is postulated goal would hopefully promote the field from simple gene
delivery to the realm of clinically relevant gene therapy.to favor regions of open chromatin, which may select for

areas of high gene expression.9 Integration by this mech-
DR Jacoby, C Fraefelanism may reduce the probability of recombination at a

and XO Breakefieldsilent locus, but may increase the likelihood of insertional
Molecular Neurogenetics Unitmutagenesis. The HSV/AAV and Ad/AAV vectors are

Department of Neurologydesigned to integrate in a specific region in the human
Massachusetts General Hospitalgenome which has not been associated with pathology.10

and Neuroscience ProgramDespite a lower risk of insertional mutagenesis, the
Harvard Medical SchoolAAVS1 site presents two remaining problems: (1) anal-

Boston, MA 02114, USAogous sites in animal models have not been fully charac-
terized; and (2) integration at this site may not support
stable gene expression. The principles governing safety References
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