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Abstract: Problem statement: Infection with retroviruses such as human immufie@acy virus
type 1 (HIV-1) and human T cell leukemia virus type(HTLV-1) have been shown to lead to
neurodegenerative diseases such as HIV-associg@eéntia (HAD) or neuroAIDS and HTLV-1-
Associated Myelopathy/Tropical Spastic Parapar@di&aM/TSP), respectivelyApproach: HIV-1-
induced neurologic disease is associated with #axirof HIV-infected monocytic cells across the
blood-brain barrier. Following neuroinvasion, HIV-dnd viral proteins, in addition to cellular
mediators released from infected and uninfecteds cphrticipate in astrocytic and neuronal
dysregulation, leading to mild to severe neuroctgmidisordersResults: The molecular architecture
of viral regulatory components including the Longriinal Repeat (LTR), genes encoding the viral
proteins Tat, Vpr and Nef as well as the envelageegencoding gp120 and gp41 have been implicated
in ‘indirect’ mechanisms of neuronal injury, meclsamns which are likely responsible for the majority
of CNS damage induced by HIV-1 infection. The neathogenesis of HAM/TSP is linked, in part,
with both intra-and extracellular effectors funcisoof the viral transactivator protein Tax and ljke
other viral proteins. Tax is traditionally known ltacalize in the nucleus of infected cells servasma
regulator of both viral and cellular gene express@onclusion/Recommendations: However, recent
evidence has suggested that Tax may also accumlatee cytoplasm and be released from the
infected cell through regulated cellular secrefioocesses. Once in the extracellular environmeant, T
may cause functional alterations in cells of theigheeral blood, lymphoid organs and the central
nervous system. These extracellular biological vais of Tax are likely very relevant to the
neuropathogenesis of HTLV-1 and represent attradtivgets for therapeutic intervention.
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INTRODUCTION viral replication. In the case of both of theseusis,
this integration ultimately results in productiveal
Human Immunodeficiency Virus type 1 (HIV-1) replication that can under certain circumstances le
and Human T cell Leukemia Virus type 1 (HTLV-1) to an immunodeficiency marked by depletion of CD4
both belong to the retroviridae family of virus@fese T cells and neurodegenerative diseases such as HIV-
two retroviruses by definition infect cells as RNA Associated Dementia (HAD) or neuroAIDS and
genomes and utilize viral encoded reverse transsgp HTLV-1-Associated Myelopathy/Tropical Spastic
to synthesize a DNA copy of the genome to integratdParaparesis (HAM/TSP), respectively. In the case of
into the host cell, chromosomal material therebyHTLV-1, the integration event may also initiate a
allowing them to utilize the host cell transcriptad  series of molecular and signaling events that ldads
machinery to synthesize components necessary fancogenic processes within the CD4T cell
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compartment leading to malignancy within this cati It is widely accepted that HIV-1 neuroinvasion
immune cell population. Interestingly, these twooccurs via transmigration of infected cells of the
disease processes share some similarity in that th@onocyte-macrophage lineage from the peripheral
resulting neurodegeneration is caused at leastih p circulation, across the Blood-Brain Barrier (BBB)da
by (1) a dysregulation of inflammatory cytokinedan into the CNS. Importantly, although macrophages and
chemokines, (2) recruitment of immune cells to themicroglia are the only cells in the brain to be
CNS albeit monocyte-macrophages in HIV-1 and Tproductively infected by HIV-1, neuronal injury and
cells in HTLV-1 and (3) functional properties offai  apoptotic death occurs as a result of HIV-1 infactdf
transactivator proteins, Tat in the case of HIViida the CN$°. The activation of the monocytic cells in
Tax with HTLV-1-induced neurologic disease. In boththe brain due to infection by HIV-1, viral protejnsr
of these retroviral-induced neurologic diseaseg thinflammatory mediators generated by the host in
shared mechanistic processes lead to devastatihg anesponse to viral infection seemingly results i th
progressive neurodegenerative consequences. helease of neurotoxic viral factors which ultimgtidad
addition, both diseases have unique qualities. HIV-to astrocytic and neuronal dysfunction, thus ddvin
also involves other viral proteins such as Viraltein  neuropathogenesis and the establishment of HAD
R (Vpr), Nef and the envelope proteins gp120 andAdditionally, viral proteins are also likely dirdgt
gp41, all of which can be secreted and have beeimvolved in neuronal damage and death. Neurotoxic
shown to have neurotoxic properties. HTLV-1 on theviral proteins like Tat and gpl20 are known to
other hand, has been shown to involve gp46-specifiexcessively  stimulate  neurons, resulting in
antibodies directed against a number of cellularexcitotoxicity and the loss of critical cellularquesses
determinants. This review will provide an overviefv in a way corresponding to other neurodegenerative
the mechanisms of both HIV-1 and HTLV-1 diseases®®'*
neurodegeneration providing the current knowledge
on the similarities and differences of theseHIV-1replication and the long terminal repeat: The
mechanisms. initiating step of the HIV-1 lifecycle within an fiected
host involves a high-affinity interaction betweeme t
Overview of HIV-1-associated neurologic disease: HIV-1 envelope (env) glycoprotein gp120 and the CD4
HIV-1 infection, in addition to resulting in the entual  antigen expressed on target cells includipgcélls and
destruction of the host immune system, may indhee t cells of the monocyte-macrophage lind&gé. Viral
establishment of a spectrum of neurologic disorderattachment and subsequent entry into the targéiscel
including severe dementia. Opportunistic infectionsthen facilitated by the aid of an interaction bedwéhe
resulting from Acquired Immunodeficiency Syndrome HIV-1 env glycoprotein gp41 and either the chemekin
(AIDS) may affect the Central Nervous System (CNS),receptor CXCR4 or CCR5, which are predominately
however, HIV-1 itself is also able to induce expressed on the surface of T cells and mononuclear
neuropatholody™. Conditions directly induced by phagocytes, respectively*®. The determination that
HIV-1 include peripheral neuropathies, vacuolarCXCR4 and CCR5 function as coreceptors for HIV-1
myelopathies, as well as a devastating cognitivé anattachment and entry into target cells led to a
motor disorder known as HIV-Associated Dementiageneralized but not entirely comprehensive
(HAD)*™. with the advent of combination Anti- understanding as to why some HIV-1 strains
Retroviral Therapy (CART), a mild, more subtle foofn  preferentially infect T cells, while others seenptefer
CNS dysfunction termed Minor Cognitive Motor macrophages or both cell populatiBh¥’. Once HIV-1
Disorder (MCMD) has been describe?d MCMD is  has gained entry into a target cell, its doublarsted
characterized by a memory loss, decreasedRNA genome is reverse transcribed by the viral emey
computational ability and much less pronounced érigh Reverse Transcriptase (RT), an RNA-dependent DNA
cortical function¥.. It has been suggested that ~10% ofpolymerase. This process results in the formatforiral
adults infected with HIV-1 suffer from HAD and that cDNA, which is subsequently integrated into thetlsos
the prevalence of individuals with MCMD may be chromosomal DNA by the viral enzyme integrase. The
much higher, possibly approaching 30% of the HIV-1-integrated viral genome is referred to as a prayiru
positive populatio. The clinical presentation of which is subsequently transcribed by the host eezym
MCMD is associated with neuropathogical alterationsRNA polymerase Il (pol II) resulting in a polycistric
characteristic of HIV encephalitis (HIVE) and this RNA message that is multiply spliced prior to tfatien.
syndrome is associated with a poorer general psigno The translated viral proteins combined with two iesp
for HIV-1-infected patients. of the complete HIV-1 RNA genome allow for the
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formation of new viral particles, or virions abteinfect initiation site. The interaction of Tat with pTEFand
adjacent cells within the h&st*”. the TAR element results in hyperphosphorylatiothef
The process of transcription from proviral DNA is C-terminal domain and subsequent increased
driven by the viral promoter region or Long Ternlina processivity of RNA polymerase I (pol H¥.
Repeat (LTR), a duplicated ~640 bp DNA region Additionally, recent evidence has suggested th&t-Hl
located at the 5’ and 3’ ends of the proviral geaom Tat may also be involved with the formation of the
resulting from the mechanism of reversetranscriptional preinitiation compléX. In addition to
transcriptioff®l. HIV-1 transcription is modulated in the HIV-1 LTR, Tat is known to upregulate several
part by interaction of the LTR with various hostttars  other viral as well as cellular genes. Within thRS;
including members of the CCAAT/Enhancer Binding Tat has been shown to stimulate HIV-1 LTR-mediated
Protein family (C/EBP), the Specificity protein (Sp viral gene expression in the absence of the TAR
family and Nuclear Factor-kappa B (NdB) isoforms,  region*®, an activity that may result from its ability to
all of which bind to specific cis-acting elementithin  enhance the activity of cytokines like TNEY. TNF-a
the HIV-1 LTR facilitating viral gene expressiot®. also has the ability to activate the HIV-1 LTR via
The HIV-1 LTR is also known to interact with viral activation of cytoplasmic NkB*%% and this positive
factors including the trans-activating protein Tatd  feedback mechanism may lead to constitutive TNF-
the accessory protein viral protein R (Vpr), fastor expression within HIV-1-infected cells.

which enable expression of viral gene products iwith The molecular diversity of HIV-1 is a key mediator
multiple host cell populations under selected li@al  of viral replication and fitne§8%¥ and sequence
condition§?3%411 variation within Tat appears to influence its effeon

HIV-1 Vpr has been shown to interact directly with HIV-1 LTR activity®!. Studies have demonstrated tat
the LTR. Electophorectic Mobility Shift (EMS) sequence heterogeneity among brain-derived HIV-1
analyses have demonstrated an association with LTRones from patients with AIDS*® and while
sequences including C/EBP site |, the promotemtlist phylogenetic analyses of tasequences have not
NF-kB site, as well as the upstream ATF-CREBrevealed clustering among individual clinical greup
binding sité**3%. This interaction between the LTR and genetic diversity has been shown to be greatesngmo
Vpr was found to be sequence-specific with respect HAD patient§®. Therefore, sequence variation within
C/EBP site ¥, with Vpr preferentially binding a 3T Tat likely impacts viral replication and possiblpst
(C-to-T change at nucleotide position 3) C/EBP site responses to viral infectiBA®®. A recent study
variant, which is known to bind C/EBP factors witv  involving astrocytic and monocytoid cells co-
affinity!®®. Importantly, affinity of Vpr for C/EBP transfected withat clones derived from Non-Demented
binding site sequence variants within the HIV-1 LTR (ND) and demented (HAD) AIDS patients and varying
have been correlated to HAD, with the observatlmit LTR constructs revealed a decrease in Tat-mediated
C/EBP binding site variants which bind Vpr at high LTR transactivatiofi”. Interestingly, both brain-
affinity being more prevalent in proviruses derivedderived HAD and ND tat constructs induced expressio
from brain tissue of autopsied dementia victffhs of MCP-1 and IL-B and microarray analysis revealed

HIV-1 transcription involves an early, Tat- that upregulation of several host genes, including
independent and a late, Tat-dependent phase arghzyme involved in mediating heparan sulphate
transactivation of the viral genome is a criticepsin  synthesis, which has been shown to be upregulated i
the viral replication cycl. The presence of Tat has the brains of HAD patierffdl. These studies suggest
been shown to increase LTR-mediated transcriptionahat mutations within the tat gene may result in
activity by several hundred-fold and in the abseote neuropathogenic effects leading to the developroént
Tat, viral replication falls to nearly undetectable HAD that are independent of its ability to transzate
leveld***!. Tat is a unique transcription factor in that it the HIV-1 LTR®Y.
binds to the “UCU” bulge of the Transactivation
Response Element (TAR), a cis-acting RNA enhanceThe role of HIV-1 proteins in neurodegenerative
element contained within the 5 end of all viral disease: The mechanism by which HIV-1 infection
transcript§>*®. The interaction of HIV-1 Tat with TAR  induces neuronal damage and subsequent motor and
RNA increases viral transcription and elongdfiof?.  neurocognitive impairment is a controversial subjec
Specifically, HIV-1 Tat is known to promote the however it is generally accepted that HIV-1 does
binding of pTEF-b (cyclin T1 and cdk9) to the TAR directly infect neurons to a limited ext&htalthough
region located within the viral promoter, which is HIV-1 infection of neurons is not considered an
immediately downstream of the transcriptionalimportant component of the etiology of
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neurodegenerative disease. HIV-1-associated he HIV-1 envelope proteins 120 and gp41: Several
neuropathology appears to be, in large part, due tetudies have provided evidence for both a direct an
neurotoxic viral proteins released into the extlata& indirect role for gp 120 in neuronal injury and %"
environment by infected cefid. There is evidence °®°. HIV-1 gp120 has been shown to induce neuronal
suggesting a role for multiple HIV-1 proteins in 8N apoptosis by interacting with chemokine receptors,
deregulation and neuronal injury including Tat, Vpr CC-chemokine receptor 5 (CCR5) and CXC-
Nef and the Env proteins 120 and gf41These chemokine receptor 4 (CXCR4), expressed on the
observations have lead to the formulation of twosurface of neurons and glial c&if®! (Fig. 1).
primary theories for how HIV-1 infection results in Additionally, several studies have shown gp120-
neuropathology, the ‘direct injury’ theory and the mediated neuronal apoptosis occurs through interact
‘indirect’ or ‘bystander effect’ theol. Clearly, the with the seven-transmembrane chemokine receptor
two theories proposed to explain the HIV-1-inducedCXCR4%""Y Binding of gp120 to CCR5 and CXCR4
neuronal damage are by no means mutually exclusivactivates intracellular signal transduction pathsvihat
and studies have demonstrated a role for both, herwe mediate neuronal apoptdfd?7® Several studies have
the ‘indirect’ mechanism appears to be the predatain shown that gpl120 disrupts calcium homeostasis in
means of neurodegenerative disease since the numhegurons and induces disruption of mitochondrial
of HIV-1-infected cells within the CNS does not alyg = membrane integrity leading to release of cytochrame
correlative with the extent of CNS pathol&gy*% and activation of caspases and endonuciéhse

Infected

ROS, NOS, cvtolanes;
chemokmes, arachidonic 4
Ay acid, quinolinicacid |, R

goo 2o H.."“

Uninfected

Microglia

Perivascular
macrophage

Fig. 1: Mechanism of HIV-1-induced neurodegeneratieurodegeneration caused by HIV-1 infectiomesresult
of both direct infection of cells, as well as thelease of HIV-1 proteins that cause additional
neurodegeneration. Infected perivascular macrogghage microglia, in addition to producing more atileus
virus, can also release these viral proteins. Thestins include Tat, Env (120 and gp41) and \a)y;Tat
(represented a9 exhibits effects on both infected and uninfecatells, because secreted Tat can be taken up by
neighboring cells. Tat has been demonstrated tpgl®le in oxidative stress-dependent apoptosigafons
(represented by black cells). It has also been shbat Tat can cause excitotoxicity in neurons twating
the NMDAR; (b) Env (represented A3 also plays both a direct and indirect role inmeegeneration. The
Env protein gp120 has been shown to interact with €CCR5 and CXCR4 expressed on the surface obnsur
and glial cells and subsequently induce neuronaptasis. Macrophages and microglia activated by2gpl
secrete various proinflammatory factors includingokines, chemokines and arachidonic acid, regulim
neuronal damage; (c) Vpr (representedjiey ¢ ) has been shown to increase viral transcriptiehpaoduction
in cells of the monocyte/macrophage lineage. Egthalar Vpr has also been demonstrated to induce
apoptosis in undifferentiated and mature neuroredyosor cells; (d) Nef (representedgaey ®) within the
brain has been shown to be predominantly in astescyStable expression of Nef may alter the growth
properties of astrocytes. Nef also demonstratextireurotoxicity. When cells of the monocyte-matiage
lineage are exposed to Nef, proinflammatory medsaaoe released
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Caspase-3 activation by gp120 has been demonstraténl dramatically increase viral replicatih Vpr has
in rat cerebellar granule célf, human embryonic been shown to increase viral transcription and
kidney cell§”? and human endothelial cél&  production in cells of the monocyte-macrophage
Conversely, studies have shown that caspasedtheage and it may be involved in the translocatidn
inhibition protects neurons from apoptosis, sugggst the viral Preintegration Complex (PIC) from the
that therapeutic candidates aimed at inhibitingyass-  cytoplasm to the nuclefi$®'°°*° |t has been
3 activation may prove valuable in preventing gpl120 demonstrated that HIV-1 Vpr arrests T lymphocytes i
induced neurotoxicif{’. the G2 phase of the cell cyl@fe®?%! and induces
Calcium homeostasis is disrupted in neurons byadherent cell differentiatiéfi”. Interestingly, Vpr has
gpl20-induced perturbation of calcium-regulatingalso been shown to suppress the immune response in
systems in the plasma membrane and Endoplasmitumans by inhibiting clonal expansion of T céif§
Reticulum (ER¥>®*Y In addition, gp120 activation of providing an ideal physiological environment for
tissue macrophages and microglia initiates glutamat efficient viral replicatiod®**!
related hyperactivation of the N-Methyl-D-Aspartic Vpr, by binding to the p6 portion of the Gag poly-
Acid Receptor (NMDAR), which has been shown to beprotein, is incorporated into HIV-1 virons in sifjoant
involved in ER stress and EareleasE*®® ER stress quantitie§*? and both purified Vpr, isolated from HIV-
may be involved early in the process of cellularl-infected patients and recombinant Vpr has been
apoptosi§”? and it is associated with multiple shown to activate viral replication from latently
neurodegenerative disea&ds infected cells. HIV-1 Vpr is primarily localized ithe
Macrophages and microglia activated by gpl20nucleus of the infected ceﬁl?l, likely due to the
secrete various factors including TNE-arachidonic ~ strength of its two nuclear localization sigiafé This
acids and variou$-chemokines, resulting in neuronal nucleophilic property of Vpr in combination withsit
damag® (Fig. 1). Exposure of astrocytes to gpl20presence in the PIC has led to the suggestion\that
inhibits their ability to take up glutamate, leaglito =~ may facilitate increased viral replication in non-
increased glutamate concentrations within the riro dividing cells like cells of the monocyte-macropbag
microenvironment, which results in excitotoxiéfy  lineage™****'*%) Somein vitro studies have provided
(Fig. 1). Additionally, gp120 has been demonstrated evidence in support of a direct role for Vpr in PIC
alter gene expression patterns in astro®t&and  imporf™®*"l However other studies have placed this
neuron€® providing evidence that alterations in observation in questin® and have suggested that Vpr
cellular processes may contribute to neuronal demag is not required for HIV-1 infection of non-dividing
The HIV-1 transmembrane protein gp41, a proteifymphocyte§*?.
which links gp120 to the viral envelope has been  The mechanism by which Vpr is incorporated into
observed at elevated levels in patients with HAD.budding virions, which are assembled in the cytepla
Studies have demonstrated gp41 to be lethal toonsur near the plasma membrane, is not well understood;
at very low concentrations in the presence of glid it however, studies have shown that the nuclear export
has been shown that astrocytes exposed to thexgarbo property of Vpr is required for its efficient
terminus of gp41 exhibit defects in glutamate tpmms ~ incorporation into virions, which is critically ingptant
and relead® (Fig. 1). The mechanisms of for productive viral replicaton in tissue
neurotoxicity induced by gp4l involves activatioh o macrophagd¥®. The absence of Vpr does not prevent

iNOS, NO formation, glutathione depletion and HIV-1 infection of tissue macrophages, however, its
interruption of mitochondrial functidit®Z. presence has been demonstrated to greatly enhance

infection of these cefi€”. Studies have suggested that
The HIV-1 accessory protein Vpr: Viral protein R Vpr may function like an importif;- homologue by
(Vpr) is one of six auxillary proteins encoded foy  directly binding to nucleoporins within the Nucld2ore
HIV-1 and several studies have suggested that thi€omplex (NPCJ*®'2%*?4 Matrix (MA) and Integrase
protein may have a role in HIV-1-associated(IN) proteins are known to utilize the impororB-
neuropathogenes$iz®®! HIV-1 Vpr is a critcal dependent pathway for nuclear import, however, Vpr
accessory protein of 96 amino acids (14 kDa)contains a noncanonical NLS and therefore doesismt
synthesized from a singly spliced viral mRNA, which these classical pathways exclusively for nuclear
may oligomerizE>® HIV-1 infection of non-dividing  import!®:412.124 |t may be that HIV-1 has evolved a
cells such as monoctyes and macrophages is dyticalnovel strategy for avoiding cellular defense me@ras
dependent on VP *®and the addition of extracellular aimed at preventing viruses from entering the rusclef
Vpr to latently infected T lymphocytes has beenvaino infected cells. Considering the large and significale

235



Am. J. Infect. Dis., 5 (3): 231-258, 2009

that HIV-1-infected macrophages play both in Nef affects cellular function in various ways and
peripheral blood and CNS disease as well as HI\Nef has been detected in the supernatants of HIV-1-
disease in other organ systems, it is reasonable fofected cell cultures as well as in sera of AIDS
suggest that interrupting Vpr function vivo may lead  patient§Y. Within the brain of HIV-1-infected
to a marked decrease in viral burden within HIV-1-patients, Nef is found predominately in astroc}t&s
infected patients and ameliorate some of the dédet®  Direct neurotoxicity of Nef has been shown by
effects of HIV-1 infection. exposure of neuronal cell cultures to recombinaet N
Mutational studies have revealed that the regfon o(rNef)**® (Fig. 1) and studies have revealed that Nef
the Vpr responsible for cell-cycle arrest is lodaitethe  increases total Kcurrent of chick dorsal root ganglions
carboxy-terminal basic domain, while the virion similar to scorpion neurotoXii*®® suggesting that
incorporation and nuclear translocation functiorfs o Nef is able to alter the electrophysiological pnties
Vpr are elicited by thea-helical amino-terminus, of neurons. Exposure of human monocytic cells to
suggesting that Vpr likely effects cellular funet®in  extracellular Nef results in the release of inflaatony
multiple way$§2>*?°l Additionally, investigations have mediators (Fig. 1) and exposure of neuronal and
shown that Vpr appears to induce apoptosis in Tastrocytic cell lines to rNef leads to the upretafaof
lymphocyte&3%31 and studies have revealed thatcomplement factor ¢¥°. In addition, studies have
extracellular Vpr induces apoptosis in undifferargd indicated that stable expression of Nef may altenth
as well as mature, differentiated NT2 CNS neuronaproperties of human astrocyté8.
precursor cells (derived from a human teratocaroao
cell linef**\. Importantly, Vpr has also been shown to HIV-1 transactivator protein Tat: HIV-1 Tat is a viral
both activate and differentiate monocytic cellsti®  nonstructural protein of 86-101 amino acids in terand
bone marroW*?, a cellular compartment believed to be it is the product of two exofls Tat, a transactivating
critically important in the neuropathogenesis o€ th nuclear regulatory protein, is critical for viraplication
HIV-1. Due to the multiple effects of HIV-1 Vpr on and is secreted by HIV-1-infected cells. Secreted T
both T cells and cells of the monocyte-macrophagenay be taken up by neighboring cells and by this
lineage, in addition to the potential apoptoticeetfof  mechanism, Tat is able to elicit affects on bofledted
extracellular Vpr on neurons, it has been suggetsted and uninfected ceff§"®® Tat has been found in the
Vpr very likely plays an important role in CNS dagea  prains of HIV-1-infected individuals with known CNS
during the course of HIV-1 infectid (Fig. 1). pathology*®® and Tat is known to trigger oxidative
stress-dependent apoptosis of neurons botftro and
The HIV-1 auxillary protein Nef: HIV-1 Nef is a non-  invivo.
structural protein and one of its best known proeer Previous investigations have shown that HIV-1
is its ability to impact the trafficking of proten subtype B-derived Tat can cause excitotoxcity in
expressed on the surface of cells. Nef has beewrsho neurons by activating NMDAR®, however there is
to down-regulate CD4 expression in addition to down some controversy as to whether Tat is able to bind
regulating expression of a subset of MHC classNMDAR directly. Studies have suggested that Tat
molecule§*****] mature MHC class Il molecules, CD8, neurotoxicity is dependent on binding to low-depsit
CD28, CCR5, CXCR4 and the transferring recéfifor receptor sLPR) with subsequent activation of
42 The downregulation of CD4 in HIV-1-infected cells NMDAR™Y. A more recent study aimed at comparing
has been shown to facilitate Env incorporation intothe neurotoxic potential of subtype B and C Tatgiro
infectious virions by inhibiting CD4/gp120 complex has suggested that Tat may be able to directly tond
formation on the surface of the cEf%'*! NMDARY2. More specifically, this study
Much like Vpr, Nef is also incorporated into HIV-1 demonstrated that both subtype B and C Tat bind
viriong**61%?l Nef has been suggested to play a majodirectly to NMDAR, however, subtype C Tat was
role in HIV-1 disease progression toward AI%™®  significantly less neurotoxic. Further analysis of
and this increase in viral infectivity associateithiNef = sequence differences between the two Tat subtypes
may explain the increased pathogenicity of wildetyp revealed that the attenuated neurotoxicity wastdue
(wt) HIV-1 compared td\Nef HIV-1 variant§3*1571%8]  Cys31Ser mutation found in subtype C Tat.
Studies have suggested that Nef may play a roteein Furthermore, engineering this mutation into a spét3
fusion of HIV-1 to target celf§® and that Nef may be Tat resulted in decreased neurotoxicity similarthat
involved in certain post-fusion events such asobserved with subtype C Tat. Interestingly, the
facilitating the trafficking of viral core particdethrough  Cys31Ser mutation had no observable effect on the
the cortical actin netwol®?. ability of Tat to bind NMDAR"?, suggesting that other
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regions of the Tat protein are likely responsibte f CXCR4'%%! with respect to neurons, Tat uptake and
binding, while the Cys residue is involved in NMDAR internalization occurs primarily via the Lipopratei
activatiod?. These studies underscore potentialRelated Protein (LRP) receptor, which is expressed
importance of differences in HIV-1 subtypes fromthe cell surfacd®”. There are at least 16 ligands for
varying geographical regions and are consistenh witLRP and in the brain it is expressed on both nesiron
the observation that geographical regions infeet&h and activated astrocyf¥§. Tat is the only known
subtype B report more severe forms of HIV-1-ligand of LRP that induces significant levels of
associated neurocognitive impairment as opposed tapoptosis, the reasons for which are not known.
areas of the world infected with subtype C. Following ligand binding to LRP, the receptor-lighn
Several studies have shown that NMDAR functioncomplex is internalized. However, in the case of, Ta
may be modulated by dopamine D1-like receptorswhen it binds to LRP it escapes from endosomehkdo t
composed of D1- and D5-like recepfd?s® and a cytoplasm and it can be found localized in both the
recent study has implicated D1-mediated pathways icytoplasm and nucleus where it may affect cellular
the mechanism of Tat-induced neurotoxigityHIV-1  signaling pathway&®.
Tat may influence the activity of D1 receptors sp Exposure of astrocytes to Tat, either extracallyla
synaptic neurons, thereby resulting in NMDAR- through viral infection or intracellularly via traient
regulated apoptotic cascades via DI1/NMDARtransfection, results in the induction of cellular

interaction, or alternatively, NMDAR activation D1-  inflammatory mediators (Fig. 1). Treatment of human
expressing neurons exposed to Tat may up regulate p fetal astrocytes with extracellular Tat has beewshin
apoptotic D1-mediated signalifiy induce production of CCL2 (monoctye chemoattractant

Tat has been detected in the brains of patiertts wi protein-1, MCP-1§*%. CCL2 is involved in the
HIV-1 encephalitis (HIVE) by both mRNA and recruitment of monocytes to sites of inflammation i
immunoblot analysis, however the source of the Tathe CNS and it induces monocytic cells to cross the
detected in these circumstances is unti€arThe Tat BBB and traffic to the site of secretion. Furthermat
observed in the brains of these patients may breetge  has been demonstrated that individuals with HIVEeha
by infected cells within the CNS, or it may be elevated levels of CCL2 in their CSF and even highe
specifically transported across the BBB from thelevels have been associated with H&D'
periphery®’.. Either way, once in the brain, Tat may be Interestingly, human astrocytes take up Tat andinec
taken-up by resident cells of the CNS, often résglin ~ activated to produce chemokines as well as Nitric
toxic consequences including neuronal apopt8&i§®  Oxide (NO), however, these cells do not undergo
(Fig. 1). Importantly, studies have shown that Tam apoptosis unless they are co-cultured with
be transported along anatomical pathways within theeuron8%8:191 |t has been suggested that Tat-
CNS, indicating that sites of neuronal injury ahd site  induced apoptosis of astrocytes requires a yeteto b
of actual viral infection may be distinct from one identified signal from NMDAR-positive neurdhs’.
anothel*®*!. Monocytes recruited to the CNS by CCL2 secrete

The uptake of Tat by uninfected cells results incytokines and neurotoxic mediatbts A primary
deleterious events in both the cytoplasm and nscleufunction of astrocytes is to regulate extracellular
including altered gene transcription, cytokine sdon,  glutamate levels in the brain and it has been
NMDAR activation in neurons and the initiation of demonstrated that monocyte-secreted TiNFnpedes
apoptotic cascad@$®®"1%8 A combination of these glutamate metabolism by human astrocytes, resuiting
cellular events are likely involved in neuronal pfmsis  altered glutamate homeostasis, accumulation of
in response to HIV-1 infection and the secretiofaf,  extracellular glutamate and potentially neuronal
however the exact mechanism is not well understtiod. injury™?. In addition to the effect of Tat on glutamate
is generally accepted that glutamate and glutamatmetabolism in astrocytes and the resulting neuronal
receptors are involved in the process of neurorlll ¢ glutamate excitotoxicity, other mechanisms are kmow
death, which suggests that HIV-1-associated negiolo by which astrocytes contribute to neuronal toxicityd
disease pathogenesis may involve mechanisms similapoptosis. Tat-treated astrocytes express inducible
to those of other neurodegenerative disease pregessNitric Oxide Synthase (iNOS) via activation of tN&-
with respect to glutamate dysregulation andkB and C/EBPB pathways and the ERK/MAPK
excitotoxicity*. pathway contributes to NO production in astrocyigs

HIV-1 Tat is known to interact with various gactivation of C/EBB™®Y. The NO produced by this
receptors expressed on different cell types indgdi mechanism may initiate apoptotic events in neigimgor
integrins, VEGF receptor (KDR/flk) and possibly neurons.

237



Am. J. Infect. Dis., 5 (3): 231-258, 2009

Microglia are resident macrophages in the CNSany detectable impact on lineage developHf&htin
and the most predominate cell ty‘pe to be produgtive addition to the route of exposure (mucosal versus
infected by HIV-1 in the brali. Despite the blood-borne) and the inherent differences in the
relatively high level of HIV-1 infection of residen associated primary immune response, the following
microglia, neurocognitive impairment does notfactors likely play important roles in the geneaisd
correlate with viral load in the brain, but ratheith  progression of cancer and/or neurologic diseassethu
neuroinflammatioi®®.  Activated microglial cells by HTLV-1: (i) Viral genomic architecture, (ii) Getic
secrete pro-inflammatory factors including cytoléne packground of the human host, (i) HTLV-1 proviral
and chemokines, reactive oxygen species, reactivg\a™joad, (iv) Relative levels of HTLV-1-specific
nitrogen species and excitatory amino acids, whiClpna_positive CD4/CD25' T cells, (v) Concentrations
leads to the recruitment of additional inﬂammatoryOf secreted extracellular viral pro’teins such as, Ta)

iCn?‘:!asmtr%attg(i brr?]l?di;gres tc;et(r:lreet;%ct bthatm?grrge";a‘ ;rr]eThe impact of extracellular viral proteins on cedif
Y y 9 immune and nervous system origin, (vii) Relatiwels

known to be neurotoxic, like quinolinic and araaidt s R -
acid$™, it has been suggested that activation of?f HTLV-l-specific antibodies that exhibit cross-
reactivity to cellular proteins, (viii) Relative JVels of

microglia may contribute both directly and indilgdb o .
neuronal damage and apoptosis within the context i1 -V-1-specific CD8 T lymphocytes and (ix)
the HIV-1 infection of the CN&'™ (Fig. 1). Relative levels of HTLV-1-susceptible primary and

secondary target cells in the immune and nervous
Overview of HTLV-1 neuropathogenesis The  systenf??n2¢2% Eigyre 2 depicts these scenarios in
debilitating neuroinflammatory disease, HAM/TSP, isthe context of molecular pathogenesis of HAM/TSP.
characterized by over-stimulation of the immunotogi
compartment, including increased expression of duclear localization and Tax-mediated regulation of
repertoire of inflammatory cytokines and chemokjnescellular genes and viral promoter: The HTLV-1
HTLV-1 transactivator protein Tax- and gp46-specifi oncoprotein Tax has been studied extensively with
antibodies directed against a number of cellularespect to its role in regulating cellular and Vigane
determinants (including the heteronuclear riborarcle expression during the course of HTLV-1 infection of
protein A1, hnRNP AT and an increase in the human CD4+ T ells (primary target ell opulatiét)**®!
number of highly activated circulating CD§ cells  In particular, these studies have focused on theautar
directed against the Taxg epitope in both Peripheral mechanisms pertaining to the interaction of Taxhwit
Blood (PB) and Cerebrospinal Fluid (C&®). In the nuclear proteins during transcriptional transadiveof
acute stage of HAM/TSP, both CDand CD8 T cells  cellular and viral gene expression prior to and/or
have been shown to accumulate in lesions of theabpi subsequent to Tax localization to the nucleus. @ribe
cord; however, during chronic disease, CD&ells are  major roles of Tax in productive viral replication
the predominant cellular infiltrate in regions of involves the interaction with host transcriptional
demyelinatiof*”** In some HLA-A*201 HAM/TSP  machinery to facilitate the binding of cellular
patients, the frequency of Taxgspecific CTLs is as transcription factors to the HTLV-1 LTR. Viral gene
high as 20% of all CDBT cells in the PB and even expression occurs by the binding of Tax to the ehre
higher in the CSE®1%200203 pbyring the course of 21-bp Tax responsive elements collectively refetoed
HAM/TSP, various cells of the immune system area Tax Responsive Element 1 (TRE-lP that are located
infected by HTLV-1 in the PB and tissues. Theséscel within the U3 region of the LT&R*?**] Each of the
are also likely infected as BM progenitor cells as three 21-bp repeat elements is comprised of three
result of viral spread from HTLV-1-infected domains A, B and C. Among these, the central domain
CD4'/CD25 T cells as these cells traffic back into the B has been shown to closely mimic a cyclic AMP
BM from the blood. Trafficking of HTLV-1-infected T (cAMP) responsive element (CRE) with a conserved
cells back into the BM over long periods of timesthed  8-nucleotide (nt) core sequence (TGACGTCA) that is
to the development of a large population of HTLV-1flanked by 5 and 3 G/C rich sequent;d The
proviral DNA"/RNA" latently infected cells in the BM recruitment of the cellular transcription factorRE
of HAM/TSP patienté®”. Additional studies involving Binding protein (CREB) and serum response factor
HTLV-1-infected CD34 human BM progenitor cells (SRF or p67°)-to the CRE by Tax, facilitates
transplanted into immunocompromised mice led to theranscriptioff*®?*! The interaction of Tax with dimeric
development of equivalent numbers of proviral DNA CREB as a homodimer, results in the formation of a
cells within defined immune cell lineages, suggesti ternary complex that in turn helps to stabilize the
that maintenance of the proviral genome does no¢ ha CREB/21-bp repeat complex formatigf®*°!
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Fig. 2: Overview of the HTLV-1 LTR regulation asrélates to HAM/TSP pathogenesis. The progressages of
HAM/TSP are characterized by the presence of aeiivaCD4 and CD8 T cells and macrophages in
demyelinating lesions. At these sites an arrayroinlammatory cytokines are produced facilitatfiogther
recruitment of inflammatory cells into the CNS. CD#® cells represent the chief source of viral gene
expression and along with the help of antigen priasg cells such as dendritic cells activate CD8cells.
HTLV-1-specific CD8 T cells traffic to and accumulate within the CN&oughout the course of
neurologic disease. Therefore, the presence oYadett HTLV-1-specific CD8 CTL and macrophage
populations in the CNS may result in the mainteraoica persistent CTL response against infecteld cel
expressing viral antigens and proinflammatory ciytekmediated bystander damage. During this process,
differentiation of infected bone marrow progenitoglls lead to HTLV-1 genomic activation and an
increased viral gene expression mediated by TaxE RBiEer formation and the cell type-specific adiivi
of different transcription factors such as AP-1EBP and Spl/Sp3. BM, bone marrow; CNS; central
nervous system; PB, peripheral blood; PD, proWiMd/A; PR, proviral replication; DC, dendritic cell

As a consequence of the formation of this stahdlize mediated transcription of cellular genes. CREB is
complex, the two cellular coactivators-p300/CREB-activated by phosphorylation in response to the
Binding Protein (p300/CBP) and p300/CBP-associatedntracellular secondary-messenger cAMP via the cAMP
factor (P/CAF) are then recruited independentlyfax ~ dependent Protein Kinase A (PKA) signaling
by binding to the two distinct regions in the amaud  pathway??*?*®! Numerous studies have focused on the
carboxy terminus of Tax, respectively. Transcriptis  interaction between Tax and CREB-1 with TRE-1 and
then finally initiated by histone acetylation med@d the importance of this interaction in the activatiof
through remodeling of the chromatin struct#&?®! In  viral gene transcription mediated by the TRE-1 pl1-b
addition, Tax is also known to activate varioudulat  repeat$'®?*! These studies have demonstrated that
signaling pathways such as the KB-and ATF/CREB  direct and indirect interaction of Tax with a spaat of
pathways. The NKB is a cytoplasmic transcription cellular transcription factors may be involved imet
factor which when activated by Tax leads to thedifferential regulation of both cellular gene exgsion
phosphorylation and degradation of the boundand viral LTR activation in T cells and other sedary
inhibitory proteins (kBs) thereby allowing the release target cell populations.

and eventual translocation of the MB- to the

nuclef*??l  The ATF/CREB family plays an Mechanism of HTLV-1LTR activation in secondary
important role in viral transcription as well asx¥a target populations: Clearly, the interaction of HTLV-1

239



Am. J. Infect. Dis., 5 (3): 231-258, 2009

with the CD4/CD25 T lymphocyte compartment critical differences in the regulation of translgnt
represents a key encounter that leads to eithedeath  transfected and chromosomally integrated HTLV-1 LTR
resulting from programmed viral gene expression andn T cells (Rahman, Wigdahl and Jain, unpublished
production of progeny virus, or oncogenic observations). Therefore, understanding how the HTL
transformation based on monoclonal expansion ofl LTR is regulated when formatted in the context of
infected cells. In addition to the COED25 T cells, chromatin is important for elucidating the biologfythe
other immune cell populations, such as CDBM provirus within cell populations representativetiobse
progenitor cell®®*#Y4 " cells of the monocyte- encountered during the course of disease.
macrophage linea§é?, antigen presenting cells such
as Dendritic Cells (DCs), or ceIIs_in the_nS%]rvoystem Tax nuclear export, cytoplasmic trafficking and
such as astrocytes and mlcrogllallé%ﬁfsz. are also  cd|ylar secretion: Tax is localized in both the nucleus
susceptible to productive HTLV-1 infectiif. Viral-  jnq cytoplasm within cells (reviewed Bif). The
induced alterations in these cell compartmentsiflike . clear accumulation of Tax is promoted b;I/ an NLS
play important roles in the genesis of HAM/TSP. 5 ng within the first 58 amino acids of the amino-
However, despite the demonstrated susceptibility oferminus of the protein, a signal that is uniqueemh
these cells very little information exists concegihe compared to classical NL&E?* in that the signal is
molecular mechanisms regulating HTLV-1 LTR gygpected to involve some form of conformational
activation in these pathogenically relevant seconda glement. In addition to being an intracellular/mac!
target cell populations as compared to GDD25" T protein, Tax has been shown to be present in therse
cells. Therefore, we have initiated efforts to defthe 5,4 cSE of HAM/TSP patiet®®. However, it is
mechanism of HTLV-1 LTR activation during ynclear whether the cell-free Tax was the result of
monocytic differentiation in parallel with our sied on apoptosis or necrosis of HTLV-1-infected cells biti
HIV-1 LTR regulation in a similar SySté?ﬁBS’zlag]-, was secreted from the infected cell populations.
Several members of the CCAAT/Enhancer-Bindingconsistent with the concept of cellular secretiure
Protein (C/EBP) family, including C/EB¥ are have reported the presence of a leucine rich NES
expressed at high levels in cells of the monocytehetween amino acids 188-200 of Tax. We have also
macrophage lineaé” and are intimately involved in reported that the Tax NES may function as a masked
the regulation of myelocytic-monocytic ~ geneé NES and may be hidden by a protein-protein
expression. Results of these studies have shown thgyeraction, allowing the Tax NLS to remain the
low-level basal activation of the HTLV-1 LTR was predominant localization signal and directing pirote
significantly enhanced by overexpression of C/BBP |ocalization to the nucleus. Furthermore, Tax &eyti
C/EBPS, or C/EBR, whereas transactivation of the structure may be altered during the successives step
HTLV-1 LTR by Tax was inhibited by overexpression which the NES is subsequently exposed to cellular
of C/EBRyx and C/EBB and to a lesser extent by export machinery. Alternatively, Tax nuclear export
C/EBR?*. In addition, the Activator Protein 1 (AP-1) may be regulated through a secondary protein
family of transcription factors was also shown tomodification such as phosphorylation or acetylation
modulate HTLV-1 LTR activation during phorbol ester this regard, Tax phosphorylation has been studied i
induced differentiation of monocyté8). The binding various cell types and alterations in the pattefriTax
sites for the Stimulating protein (Sp) family of accumulation within the cytoplasm have been
transcription factors (Sp1 and Sp3) have beenifiEht reported®*?*? The release of Tax in the extracellular
within the U3 region of the HTLV-1 LT®?. Recent environment has also been reported from HTLV-1-
results have suggested that both Sp1 and Sp3 bitalin infected cell€®¥. We have also demonstrated the
HTLV-1 TRE-1 promoter proximal repeat Il withingh secretion of full-length Tax in the cell culture die of
viral LTR participate in regulation of the LTR byaX. = Tax-transfected cells where Tax secretion waseadt|
However, a majority of studies related to HTLV-1RT in part, dependent on a formal cellular secretory
activatiorf?+2**?**have been performed with transiently pathway>*. Proteins destined for the cell surface or
transfected LTR plasmids as opposed to chromospmalthose released into the extracellular environment
integrated LTRs that represent an obligatory stefhé  proceed through the cellular secretory pathwayr afte
HTLV-1 life cycle. A report by Okada and Jeang being synthesized and inserted into the Endoplasmic
indicated differential requirements for activatiosf  Reticulum (ERY¥®. We have previously demonstrated
integrated and transiently transfected HTLV-1 LTiRs that Tax co-localizes with cytoplasmic organelles
HelLa and CHOKL1 cells by CREB, p300 and P/CAFrelevant to secretion such as ER and golgi compiek
transcription factof&'®. Our recent studies also revealedthe movement of Tax within the cytoplasm was found
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to be characteristic of secretory vesitfés Evidence critical secretory signals within the carboxy-tenadi
was also presented demonstrating that microtutaids domain of Tax. Once released, Tax could work as an
the conventional motor protein kinesin are likely extracellular effectors molecule, the minute qusiraif
involved in shuttling Tax-containing secretory ws$  which may cause major pathogenic changes.

from the Golgi to the plasma membr&n&

Subsequent to proper folding in the ER, secretonfRole of  extracellular  tax in  HTLV-1
proteins are then sorted from resident ER protais ~ Neuropathogenesis: Extracellular Tax has been
concentrated into ER exit sites that form coat girot Shown to induce the production of TNF{from a
complex Il (COPII)-coated vesicles. COPII vesicleshuman neuronal cell line at a concentration that ha
mediate transport of proteins from the ER to the ci been shown to be produced by HTLV-l-infected
Golgi®®®. Concentration of proteins into COPII vesicles cell§?®*?**l Release of TN may result in both an
within the ER occurs through a cargo selection fmotiautocrine and  paracrine cytokine-mediated
found on most secreted proteins. This motif hasbeedestruction of neuronal tissue. Other pathologic
shown to consist of a di-acidic signal comprisecanf processes observed in HAM/TSP patients include
aspartic or glutamic acid bordering a variabledesi demyelination of CNS neurons, which may also be a
(D/EXE/D) also known as a DXE sighal?. Table 1  direct effect of extracellular TE*2%%! In addition to
shows the known amino acid signals implicated inneurons, adult human microglial cells were also
targeting proteins to the cellular secretory pathwa shown to secrete TN&; IL-1p and IL-6 in response
While this signal only partially accounts for efiat to Tax¥?®®. These observations correlate with
exit from the ER, mutation of this signal has beenadditional studies demonstrating that HTLV-1-
demonstrated to reduce accumulation of protein irinfected microglial cells secrete both TNFand IL-6
COPII vesicle€®. Analysis of the Tax amino acid but not IL-13, suggesting that Tax may have a
sequence has revealed the presence of a number @dracrine effect on other Tax-producingllst®®.
putative secretory signals within the carboxy-terahi
domain, of which two putative secretory signals, BH
and a four amino acid di-hydrophobic tyrosine-based
motif (YTNI), were found to be essential for Tax SNARE

Nucleoplasmic

Post-gelgi transport
shuttling

ER/golgi transport

secretioff®”. Additionally, Tax was shown to interact
with a number of proteins SFig. 3) involved in the
cellular secretory pathw&§"%?' suggesting that release
of Tax into the extracellular environment is a Heged
event that is facilitated by the interaction of Taith
cellular secretory pathway proteins and the presefc

Table 1: Amino acid signals implicated in targetprgteins to the

Nucleopotins

Importins
NTF p97
Exportins

CRM1

Calreticulin

Coat proteins

COPII
BCOP (COPI)

AAsignals
DXE
YK
LLLV

1-SNAREs

v-SNAREs

SNAP2

cellular secretory pathway Fig. 3: Components of the cellular secretory pathwa

Sorted protein

Single sequence Role of signaleece

Di-acidic:

VSV-g (virus) DXE Cargo concentration and
exit from ER

Syspl (yeast) DXE Binding to 23 sec /24 sec of
COPII coat

Kir 1.1 (mammalian) DXE ER export

Kir 2.1 (mammalian) DXE ER export

Di-hydrophobic tyrosine-based

SIV env (viral) YRPV ?

HIV gp 160 (viral) YSPL ?

TGN38 (mammalian) YQRL Targets protein to the TGN

Emp46p (yeast) YYMF ER export/localization to

D-hydr ophobic tyr osine-based:

Golgi

ERGIC-53 (mammalian) FF ER export
Sysp 1(yeast) FF Non-functional
P24 family (mammalian) FF Binding to 23 sec COPII

D-hydrophobic Di-leucine:

componentn vitro

Emp24 (yeast) LV ER export/incorporation
into COPII vesicles

Vam3p (yeast) LL Sorting to golgi

Erv41p-Erv46p (yeast) IL Packing into COPII vesicle
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important for nucleocytoplsmic  shuttling,
endoplasmic reticulum to golgi transport and
post-golgi transport to the plasma membrane.
While NTF p97 may facilitate nuclear import of
Tax, CRM1 and calreticulin may facilitate its
export through the nuclear pore complex. Tax is
likely targeted to the secretory pathway by being
transported into the Endoplasmic Reticulum
(ER). Once in the ER, Tax likely moves to the
Golgi by inclusion into COPII vesicles. Amino
acid signals within Tax includin®DHE**? and
312y TNI®™ were shown to be important for
targeting Tax to the Golgi. A portion of Tax
may also be returned to the ER via retrograde
transport by inclusion into COPI vesicles. In the
Golgi, Tax is likely included into secretory
vesicles through its interaction with SCAMPs
and VSNAREs including SNAP23
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The effects of extracellular Tax have not been tkohi CONCLUSION
to the CNS, primary human PB macrophages have also
been shown to secrete TNF-IL-1 and IL-6 in HIV-1 CNS disease is largely dependent on the

response to extracellular 1{%5?]- Recently, cell-free trafficking of infected monocytic cells from the
Tax has been demonstrated in the CSF of HAM/TSRyeriphery across the blood-brain barrier, wheresvis

patient§*” indicating that Tax is available for immune subsequently ~disseminated to susceptible cell
recognition by APCs. Extracellular Tax releasedrro populations within the brain including microglia,
Tax-producing cells by secretion or apoptosis ancgperivascular macrophages and astrocytes, which
necrosis may be internalized by professional AF@%.  produce neurotoxic viral proteins such as Tat, §p12
peptides presented in the context of MHC by APCs\ef and Vpr and cytokines and chemokines that iaduc
would result in lysis of Tax-expressing cells byxTa a positive feedback mechanism for further recruitme
specific CD8 T cells. Either production of toxic during the course of pathogenesis. HTLV-1 during
molecules or specific cell lysis could result in neuroinflammatory disease is also characterizedrby
significant CNS damage similar to that observed ingver-stimulation of the immunologic compartment,
HAM/TSP. DCs are the most potent APCs and are ohowever instead of monocytes and macrophages it is
particular significance in the context of HTLV-1 CD8'T cells specific for Tax.io along with increased
pathogenesis. Development of HAM/TSP is associate¢hflammatory cytokines and chemokines. Interesting!
with rapid maturation of DC¥", while ATL is  as described above and restated here in both cases,

associated with a defect in their maturai$h DCs  pathogenesis is caused primarily from the inflanimat
obtained from the PB of HAM/TSP patients were foundresponse to the neurotoxic proteins.

to be infected with HTLV-£*. Similarly, DCs can be Unfortunately, in the case of both diseases theze
infected with HTLV-1in vitro and when subsequently very few treatment options for patients with retros-
matured, can stimulate autologous Cl¥hd CD8 T induced neurologic disease. In the case of HIV-llewh
cells?”. Therefore, we hypothesized that DCs andantiretroviral therapy has had great impact on lifee
other APCs might play a critical in the inductiofi 0 expectancy of patients and impacted their viradilaad
Tax-specific immune response during the progressioperipheral disease, it has increased the prevalefice
of HAM/TSP. In initial studies, the effects of neurologic disea¥® With the widespread use of
intracellular versus extracellular and retrovirally Highly Active Antiretroviral Therapy (HAART), a
introduced Tax on murine DES have been analyzed. more subtle form of CNS dysfunction, termed Minor
We have also studied activation and maturation otognitive Motor Disorder (MCMD), has become more
primary human monocyte-derived DCs as well ascommoi®. In the HAART era, it is estimated that
myeloid DCs in response to purified Tax and obs#rve ~10% of HIV-infected adults develop HAD, however,
that Tax induces the secretion of proinflammatorythe appearance of MCMD may be several times more
cytokines andp chemokines from DEE*?™ and  common, involving as many as 30% of the HIV-
modulates DC function toward a Thl type immuneinfected populati(?[ﬁ'275]. Furthermore, the clinical
respons€’. Moreover, DC-mediated priming of Tax- presentation of MCMD has been associated with
specific CTL response was demonstrated botWitro  neuropathological changes characteristic of HIV
and in vivo (Manuel and Jain, unpublished encephalitis (HIVE) and MCMD is associated with a
observations). These studies strongly suggestOfs  worse overall prognostic outloé®?"® One means of
represent a major factor in HAM/TSP pathogenesisexplaining the development of MCMD is that the low-
The well-defined target of Tax activity, NéB coupled level viral replication associated with successful
with protein kinases and phospholipase C, was alsblARRT regimens, may lead to slowly progressing
found to be critical for Tax-mediated DC activati@and  neurodegeneration. This is consistent with the déong
maturatiof’¥.  Collectively, these studies have lifespans of patients receiving HAART and possibly
provided important insight into the molecular andwith the inability of certain antiretroviral drug®
immunologic mechanisms underlying the developmeneffectively penetrate into the br&iff. In addition to
of neuroinflammatory syndromes associated withthis, what is known about HIV-1 CNS disease is fyost
HTLV-1 and other retroviruses. However, severalfrom studying subtype B viruses. HIV-1 Subtype B
outstanding questions still remain unanswered ivelat viruses only cause a fraction of the worlds infecti
to the restricted epidemiological distribution of with subtype C infection being responsible for
HAM/TSP, viral control mechanisms in asymptomatic approximately half of the world’s HIV-1 infections.
carriers, progression to HAM/TSP and possibleUnfortunately, little is known about subtype C \d@es
therapeutic interventions. and there role in neurologic disease and it is drere
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a majority of the future research will need to be4. Childs, E.A., R.H. Lyles, O.A. Selnes, B. Cheml a

performed.

HTLV-1 neurologic disease is also poorly

understood with little or no treatment availableany
guestions still remain unanswered as to what drares

infected individual to develop ATL versus HAM/TSP. 5.
These have been discussed above, however, the viral
important  role in
neuropathogenesis. The levels of this protein bein

protein Tax plays a

secreted and its presentation by dendritic cells tells

plays a major role in HAM/TSP. Consequently, this
immunologic pathway may provide an opportunity to

identify novel therapeutic interventions.

Overall these two human retroviruses share many

similarities. Their ability to cause neurologic eise is
just one of the many. The fact that they do sodryv

similar ways is a testament to how these viruseg ma
have evolved within their human hosts. Tat and i@ g

just another example of this similarity, in thagthp of
these viral proteins interact with their viral LTRsd
ultimately act as secreted proteins potentiallysoay

dysregulation of a number of cell populations. dt i
through the study of the similarities and differesc 9.
between these two viruses that scientists contioue
learn more information concerning the pathogenic
mechanisms of these two important human pathogens

and their role in neurologic disease.
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