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Theentirety of any organismisachieved primarily
by theregulated expression of the componentsof its
genome. Wearethe phenotypic result of our genotypic
expression. That is, our gene productsareintegrally
respongblefor thephysicd, intdlectua and behaviord
traits that identify us as individuals. Genes are
hereditary materia composed of nucleotide sequences
that codefor the synthesisof proteinsthat are either
gructurdly or metabolicaly activeinlivingtissues. The
tight regulation of gene expression is innately
programmed and responsiblefor theintricately detailed
assembly and function of thebiological systemsthat
make up an organism.

When the balance of our gene expression is
distorted by outsideinfluencesor internal mishaps, the
resulting malaiseiscommonly known asdisease. Such
alterationsof the gene sequence or of theregulation
of geneexpression may result in protein productsthat
ether do not function properly or arenot manufactured
at al. Themutated or absent proteinsmay upset the
normal activity of the cellsand lead to the expression
of anillness. Scientisshavethoroughly dissected many
diseasesin attemptsto devel op therapiesthat either
compensate for defective gene expression or that
interferewith diseasemechanisms. Current trestments
often consistsof oral drug administrationto deliver
temporary symptom relief. Many obstaclessuch as
harmful side effects, drug resistance, cost and
addiction associated with long-term use often
accompany such therapy. In the search for more
efficient and permanent alternatives, scientistsare
studying the potential useof vira vectorsasavehicle
for genetherapy.

Genetherapy

Gene therapy, in its broadest sense, refers to
replacing or repairing adefective geneinthe diseased

cel’sgenomein order torestorenorma cell function
andtissueintegrity. Mgor obstaclesmedical scientists
currently face include physically getting the new
genomic materia intothetarget cell and regulating its
activity onceitisthere. Intensestudy of theinfectious
mechanismsof viruseshasdivulged their potential to
act asvehicdesfor safely integrating recombinant genetic
material into the diseased host cell’sgenomeover the
courseof thenaturd vird lifecycle. Innature, viruses
rely onhost cell machinery toreplicateand to express
theviral genomedongwiththecdlular DNA inorder
to reproduceand infect other cells. Consequently, vira
geneticmateria iscombined withthecdlular genome.
Theuseof an attenuated viral vector for genetherapy
would enabletheincorporation of acompensatory
geneintothegenomeof adiseased cdl. Theexpresson
of that genewould correct for themanifestation of the
disease inthepatient.

Themaking of aviral vector requires sufficient
knowledge and an effective strategy. First, theviral
lifecycleanditsgenetic sequence must beknownin
order to splice out the non-essential and virulence
genes. Thisgenome del etion enablesthe construction
of anon-pathogenic vector, whichisunableto harm
the patient. Thevirusisgeneticaly modifiedtoretain
itsinfectiveability but not itsreplicative ability. This
preventsthespread of therecombinant geneto hedthy
cellsand ensuresasingleround of transfection. The
latter introducesthe problem of transient expression
innon-dividing cells. Such cellsare characterized by
declined gene expression. I ntermittent transfections
with the vector would likely berequired to achieve
thelong-term desired effects. Therecombinant gene
isinserted with adequateviral and cellular promoters
present to ensureitsrecognition by thetranscriptional
machinery.

Thethreat of aharmful immune response should
be considered abarrier for the use of viral vectors.
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Figurel. Thegenerd lifecycleof avirus.

Thebody’ sresponseto the presence of foreign ma-
terial may result in severe tissue damage. Conse-
quently, addressing the disorder with genetic manipu-
lation may introducean equdly sgnificantimmunere-
action problem. Furthermore, viral genesare com-
posed of fewer nucl eotidesthat human genes. There-
fore, avirusbig enough to accommodate the recom-
binant genetic materid isanother prerequisiteto vector
therapy. Ascompared to somatic peripheral condi-
tions, neurological diseaseshavetheuniqueobstacle
of theblood brain barrier preventing entry of thevec-
tor intothecentra nervoussystem (CNS). Theherpes
simplex virus (HSV) natura neurotropism has
presentedit asthemost suitable candidatefor targeting
neurological disorders. Infact, HSV typel hasbeen
shown to overcomeall of the above-mentioned ob-
structionsand isconsidered awell-suited vector for
thetreatment of CNSdisorders.

Thefirg human herpesvirusto berecognized, HSV,
isoneof themost extensvely studied virusesand one
of the most abhorred pathogens for the general
population. Thethreeubiquitoustypesof HSV inthe

aphaherpesvirinae subfamily of human herpesviruses,
HSV-1, HSV-Il and HSV-I1I, aretransmitted viaclose
contact and areknown for causing lyticinfections of
fibroblastsand epithdlid cells, persstent infectionsof
lymphocytes and macrophagesand latent infections
in neuronst. Aninfection with HSV-I results most
commonly in cold sores. Infection by HSV-II is
responsblefor thereputablegenita lesons. HSV-III,
varicella-zoster virus, ismost renowned for produc-
ing chicken pox. Normal infection leadsto maor
structural and biochemical alterationsthat ultimately
resultincell destruction.?

Herpessimplex beginsitslife cycle by binding
heparan sulfate, aproteoglycan found onthe surface
of many cell types. It subsequently interactswith one
of severd cedllular receptorscloser tothecell surface
andfusonwiththecell membraneoccurs! Onceinside
thecell, thevirustravel salong the host cytoskel eton
tothenucleus. Thereit interactswith the host tran-
scriptiona machinery enabling replication, assembly
and budding from the nuclear membrane3 HSV’s
ability toinfect thebrain may enableittobeused asa
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Figure?2. Lyticandlatent infectionsby herpessimplex virus'®.

vehiclefor genetransport tothe CNS. Intraditional
drug ddivery systems, theblood brain barrier presents
aphysical obstacle preventing thetarget from being
reached whereasHSV hasanaturd tendency toinfect
neurons. HSV beginsby replicating at the base of the
lesoninepithdia cells. It then spreadsto peripheral
nerve endingsassociated with the epithelium, travels
along the axon by retrograde axona transport facili-
tated by cellular microtubules, and entersthe nucleus
whereit assumesalatent state without damaging the
neuron?4, The high levelsof vira replication at the
peripherd siteof infectioninitiate syncitiaformation
whichfacilitatesthe cell-to-cell soread. Reactivation
of the herpesvirusgenomefrom latency istriggered
by physical or emotional stress, peripheral tissue
damage, or epinephrine and prostaglandin rel ease.
Thisre-awakening iscoupled with axonal transport
of the new virus progeny to the site of entry inthe
periphera tissueswhere symptomsrecur?. Themain-
tenance of latency isapassive event. Theonly viral
geneexpression present involvesthat of asinglela
tency-associated transcript (LAT), whichisencoded
with aneuron-specific weak promoter. The LAT gene
products accumulatein the nucleusand are not re-
quiredfor viral survival®. Foreign geneinsertionsin
theHSV LAT-generegionwould promote restricted
expressionin neurons. HSV canremaininthislatent

statefor years. Consequently, the potential for sus-
tained expression of thetherapeutic geneinsertedin
the LAT regionissignificant would beimportant to
thergpiesinvolving pogt-mitotic cellssuchasCNSneu-
rons.

Herpes Simplex virusisan envel oped, icosahe-
dral and double stranded DNA viruslargeenoughto
encoderoughly 70 transcriptsof which only half are
required for viral replication®. Thissuggestsample
spacefor recombinant geneinsertionsand the deliv-
ery of multiplegenesinonevector. Likeother large
DNA viruses, HSV has also evolved a variety of
mechanismsto evade the host immune responsesto
infection. The Fc and complement receptorson the
surface of HSV weaken humoral responseswhileits
cell to cell spread and latency in neuronsfacilitatethe
evasion of antibody neutralization and clearancet. HSV
isalso capable of inhibiting antigen presentation to
CD8 cellsby blocking theviral peptide presentation
by the MHC-I of theinfected cell$. HSV possesses
anumber of valuable characteristics such asnatural
neurotropism, ahigh transduction efficiency, theability
toinfect post-mitotic cells, alargetransgenic capac-
ity, and the unique ability of assuming alatent statein
neurons. Thesefactorspresent HSV asaprimecan-
didatefor useinvector-mediated genetherapy of dis-
ordersinvolving the CNS. AsHSV has addressed
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and conquered most of the barriersto vector therapy,
thechoiceof recombinant geneto beinsertedintothe
vector provesto afford limitlessopportunity inthetreet-
ment of diseases.

A number of strategiesfor genetherapy inthecen-
tral nervous system have been explored:*

Replacement of missing or defective genes

Intheevent of an inherited single gene disorder
(suchasLesch-Nyhan syndrome) wherethe complete
DNA sequence, cause, and effect of thedisorder are
known, asingle genereplacement isappropriate.

Enhancement of growth factor or enzyme
production

Inthevicinity of CNSlesions, wherethe pathol -
ogy and pathogenesisare understood, thisapproach
has demonstrated symptomatic relief despiteinad-
equate understanding of the genetic basisof disease.

Virus-directed enzyme pro-drug therapy

Thedelivery of adrug-sensitivity genewould be
beneficid inthetrestment of amalignant brain tumour
making it more susceptibleto conventiona anti-can-
cer agents.

Direct cell killing

Using theinherent ability of somevirusestorepli-
catein, anddirectly kill, rapidly growing cdlls, suchas
tumour cells, whilenot affecting normd cdllscould be
used in conjunctionwiththeddivery of adrug-seng-
tivity genefor optimal destruction of atumour.

Vector-mediated delivery of anti-sense
oligodeoxynucleotides (ODNS)

The ODNSs, short segmentsof DNA, would bind
to complementary mRNA and block the expression
of specific geneswithin cells. The encoded protein
wouldfail to be synthesized, asthemRNA would not
be recognized by thetrand ational componentsof the

cell. Inthiscase, aharmful gene product would be
targeted.

Insertion of major histocompatibility complex
(MHC) genes

Anincreasein cellular antigen expression of tu-
mour cellswould enhance theimmuneresponse and
increase the susceptibility of such cellsto host cyto-
toxicimmunity.

Concluson

It hasbeen demonstrated that the use of virusesin
vector-mediated gene therapy, in particular those
derived from herpessimplex virus, hasthe potential
to becomeasdignificant therapeutic optionfor avariety
of neurological diseases. HSV vectors support the
inclusion of large cellular promotersthat can direct
cell-type specific gene expression. They have the
capacity for retrogradetrangport aong neurona axons
tothecentrd nervoussystem. They warrant regulation
of molecular mechanismsproducing disease, andthey
provide the opportunity to evaluate other neuro-
protective genes whose actions may be cellularly
autonomous.

Although there remain technical and ethical
problemsto overcome, further applicationsof vira
vectorsarecontinually being discovered. Anincreasing
number of previoudly incurablediseasesnow havethe
potentia to be conquered. Nonetheless, thereisstill a
need for further devel opment and optimi zation of gene
therapiesin order to face the onset of new diseases
and to fully conquer old ones. Asmedical science
continuesto pressforward, theworld standsback in
awe of theunimaginableideathat something with the
gigmaof aviruscan bedisabled and manipulatedinto
avehiclefor genetherapy.
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