International Journal of Molecular Medicine and Advance Sciences 1 (2): 105-111, 2005

© Grace Publications, 2005

Proinflammatory HIV-1 Pathogenesis and Precarcinogenesis

Lawrence M. Agius
Department of Pathology, St Luke’s Hospital,
Gwardamangia Medical School, University of Malta, Msida, Malta Europe

Abstract: HTV-1 infection assumes the features of a systemic process affecting cellular cycling events and of
mflammatory and neoplastic amplification. It would indeed appear that HIV-1 mduces pathways of progression
that are specifically transforming in terms of such amplification and self-amplification of cellular and
microenvironmental events. The central nervous system in particular would constitute a manifestation of organ

mtegrity that expresses the consequences of amplified transformation of pathobiologic lesions. Neoplasia of
the lymphoreticular system would represent a characterization of the nature of such events as further projected
by the HIV-1 infection evolving as AIDS dementia and Primary TLymphoma of the CNS and as Progressive
Multifocal Leukoencephalopathy or opportunistic infection in general.
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INTRODUCTION

Activated microglia contribute to neuronal cell death: A
ramified microglial phenotype that reacts for CDI163
appears to induce an mflammatory response to viral
infection™. HIV encephalitis would account for how
various phagocytic cells somehow become activated,
concurrent with mdirect virally-induced neuronal mjury.
Microglial activation would comprise different response

patterns to neuronal injury that contribute to cell death.

Hiv-1 involves direct neurotoxic injury: HIV-1 enwv protein
gpl20 appears to be extremely toxic to neurons in the
presence of evolving inflammation in the brain and spinal
cord®™. It activates a caspase-dependent apoptotic
pathway, especially caspase-3® and reduces brain-
derived neurotrophic levels in neuronal processes’™. Such
a process would appear linked to dynamics of neurcnally
induced cellular injury during this time.

It would perhaps be valid to consider dynamics of
HIV entry within cells as a specific mechamsm implicating
facilitation by the accompanying inflammation in HIV
encephalitis, especially in the presence of oxidative stress
and opioids®.

A process of tropism of HIV-1 involving
macrophages and microglia of entry into neurons would
precipitate neuronal cell mjury. Newonal ijury might
affect entry-related mechanisms culminating not only in
DNA damage but also further reactive cellular changes
and apoptosis. Intra-CNS viral burden may correlate with
both the severity of neurologic disease and the
generation of neurotoxic metabolites in HIV infection™.
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Facilitated hiv entry into cells in inflammation of HIV
encephalitis states: A ligh degree of expression of
CXCR4 chemokine receptors on hippocampal neurons in
HIV encephalitis might involve events whereby
inflammatory  reactivity cells particularly
susceptible to HIV entry™

In a fashion of inflammation-induced facilitation of
neurcnal infection by HIV, there would evolve a series of
cascade events culminating in neuronal DNA damage and
subacute neurodegeneration’”. HIV-Tat suppresses
Nerve Growth Factor-induced differentiation and
promotes cellular proliferation by upregulatng Idl
expression, this helix-loop-helix transcriptional factor
influences neuronal survival and may be implicated in the
pathogenesis of AIDS dementia ',

In the setting of mflammation, HIV encephalitis would
implicate HIV tropism for both macrophages and CD4+ T-
lymphocytes.

Such a phenomenon would subsequently evoke

inflammation-induced facilitation of HIV entry mto cells as
found m the CA4 sector of the lippocampus.
Chemokines may induce neuronal cell death via microglial
activation or dwectly through activation of chemokine
receptors™™,
In the setting of inflammation, HIV encephalities would
implicate HIV tropism for both marcophages CD4+ T-
lymphocytes. Such a phenomenon would subsequently
evoke inflammation induced facilitation of HIV entry into
cells as found m the CA4 sector of lippocampus.
Chemmokmes may mduced neurnal cell death wvia
microglial activation or directly through activation of
chemockinereceptors'™

renders
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The accompanying gliosis and synaptic transport of HIV-
1 Tat"™ would operatively induce an accompanying series
of changes related to progressive loss of viability of
associated neurons''?. Astrocyte infection in HIV would
mduce rapid progression of dementia m some AIDS
patients.

The HIV-1 protein Tat is secreted mainly by
astrocytes, microglia and macrophages and taken up by
neurons''?. Occasional multinucleated giant cells noted
in HIV encephalitis would correspond to an ongoing
direct ugury to cellular DNA subsequent to such
facilitated HIV entry in the presence of ongoing
mflammation. HIV-laden macrophages and CD4+ T
lymphocyte nfection would participate in persistent
progression  of neuwronal injury linked to active
inflammation in the neuronal microenvironment.

Cellular differential susceptibility to HI'V gene sequence
incorporation in the cell genome: The actual presence of
HIV gene sequences in the cellular genome would
specifically indicate ongoing susceptibility pathways
related to progressive cell injury'”. Markers of apoptosis
such as muclear DNA fragmentation and p53
immunoreactivity are more intensely expressed in HIV-1
infected individuals as compared to HIV-1 negative
wormen',

One might recognize HIV gene sequences as
potentiating influence in ongeing neuronal injury linked
to various pathways of subsequent outcome in neurcnal
HIV infection.

Differential neuronal susceptibility would participate
m ongoing HIV infection n a manner that specifically
promotes latent incorporation of viral gene sequences in
the absence of productive viral infection. HIV-1
regulatory protein transactivator of transcription protein
(Tat) increases oxidative stress, ATP levels and
mitochondrial membrane potential.  Tat upregulates
platelet activating factor. The increased mitochondrial
membrane potential may promote Tat-induced neuronal
apoptosis'®. Tt is with regard to variable response on the
part of latently infected neurons that there would evolve
a spectrum of variability in inflammatory reactivity in
relation to spatially distributed groups of neurons. One
might perhaps recognize viral entry of susceptible
neurons as evidence for a process of subsequent DNA
damage linking viral entry mechanisms to evolving DNA
patterns of cell myjury.

Facilitated neurotoxic effect in hiv dementia with blood-
brain barrier breakdown and inflammation: Toxic mjury
to brain microvascular endothelium would promote a
series of subsequent events leading to a targeted release
of cytokines and neurctoxins! .

Such a phenomenon might comprise especially the
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release of inhibitory products of metabolism that
accentuate production of neurotoxic substances.
Inflammatory cytokines appear to constitute a facilitatory
pathway in progression of events that either result in
neurcnal cell death or to white matter gliosis. Neuronal
loss, altered dendritic arbor and decreased synaptic
density are characteristic features in HIV-1 associated
demential™.

Even in terms of breakdown of the blood-brain
barrier, it would appear that various inflammatory
mediators are mjurious particularly in the presence of an
endothelial cell layer that progressively both promotes
hypoperfusion  of  smaller  microvessels  and
hyperperfusion of larger microvessels. With such
combined  non-homeostatic  hyperperfusion  and
hypoperfusion  events, the blood-brain  barrier
dysfunction would culminate in an inflammatory response
on the part of perivascular macrophages and brain
resident microglia that augments response sensitivity to

neurotoxins!®,

Virally induced injury to cellular dna in hiv encephalitis
is inflammatory and integrative in nature: Nonspatial
relationship of HIV-laden macrophages and neuronal
DNA damage in HIV encephalitis would aftest to a
progression of neurcnal cell death in this condition!™
Inflammatory changes in the CNS might specifically
evolve in terms of a neuronal apoptosis. Activation of
cell surface receptors such as CXCR4 and the N-methyl-
D-aspartate receptor may be triggered by HIV-1 proteins
gpl20 and Tat®™",

HIV-associated neurodegeneration might indicate
modes of neuronal DNA damage relative to apoptotic cell
death pathways, including the presence of p53 in neurons
and microglia™. AIDS dementia would consequently
develop in terms of modes of injury to neurons largely
susceptible  to  apoptosis or to a  unique
neurodegeneration umrelated to inflammation-induced
reactivity. Chemokine receptor activation, particularly
CXCR4, may be associated with cell cycle alterations in
HIV-1 induced neurcinflammation™.

ATIDS dementia would also tend to arise as a result of
depletion of various trophic systems in conjunction with
DNA mjury as a comsequence of HIV infection of
individual neurons.

Dissociation from inflammatory cell changes would
better account for progression in HIV encephalitis that
evolves as direct virally induced injury to and integration
in neuronal DNA.

Blood-brain barrier permeability and
compartmentalization of HIV: Tncreased P-glycoprotein
expression would reflect dynamics of blood-brain barrier
permeability increasing or otherwise facilitating entry of
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HIV the
membrane-associated,
transparter !,

HIV infection would involve a cellular response on
the part, particularly, of astrocytes in facilitating both
compartmentalization and proliferation of HIV.

Reactive oxygen species induce injury to endothelial

into CNS# P-glycoprotein is a

energy-dependent, efflux

cells m comunction with mcreased P-glycoprotein
expression by astrocytes. Viral replication and viral
compartmentalization may be linked to protease inhibitor
access to the brain.

Increased blood-brain barrier permeability and HIV
replication appear induced phenomena promoted by
astrocytic expression of P-glycoprotein.

Compartmentalization of HTV is a phenomenon more
directly linked to possible projected progression and
replication of mfectious HIV.

MORE PROFOUND GENOMIC INTEGRATIVE
EFFECTS OF HIV INFECTION IN PATIENTS ON
HAART THERAPY: Changing patterns of HIV
neuropathology in the HAART era would correspond to
dynamic transformation in direct consequence to the HIV
infection itself®”. Tt might be significant to consider
persistent HIV infection an evolving consequence of
HAART treatment in some cases of latent infection.

HIV production by infected neurons might prove a
direct consequence of integration of the virus within the
neuronal genome. Latent viral mfection 1s sigmficant, not
only in possible subsequent reactivation of the viral
infection, but also as a concurrently active consequence
of HIV mtegration within cellular genomes of neurons,
astrocytes, microglia, macrophages and lymphocytes.

Non-Hodgkin’s lymphoma may represent one
possible consequence of genomic integration of HIV.

The progression of HIV cognitive dysfunction in
patients on HAART treatment for HIV encephalitis might
reflect to a great extent the development of novel
attributes of a wiral infection that more directly
compromises genomic function and physiology in a wide
variety of cell types.

Activated perineuronal microglia mark an early stage in
the subsequent incorporation of hiv within cellular
genomes:

Macrophages and microglia appear to fundamentally
protect nearby neurons in a manner inducing oxidative
stress and glutamate production, on the one hand and in
counteracting antioxidant and glutamate consumption, on
the other™  Astrocytes appear implicated in HIV
infection in a manner that promotes a rise in extracellular
glutamate. Perinewronal microglia might constitute a
clearing mechamsm implicating in particular mcreased
expression of excitatory amino acid transporters, perhaps
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as a function of early injury to adjacent neurons. AIDS
dementia comprises an inter-related series of mechamstic
pathways derived from such persistent activation of
perineuronal microglia that eventually prove ineffective in
controlling both HIV replication and incorporation within
cellular genomes.

Dynamics of latent viral infection in progressive hiv
infection with decreased levels of hiv-rna csf levels:
Decreased HIV-RNA levels in the CSF in patients with
HIV-encephalitis and concurrent Progressive Multifocal
Leukoencephalopathy might develop in cases of evolving
HIV-1 infection™”. The possible resolution of HIV-1 as a
consequence of evolving Progressive Multifocal
Leukoencephalopathy due to JCV infection would
implicate a latent inflammatory state with scanty
lymphocytic infiltrates in the white matter.

The distinction of a leukoencephalopathy from
leukoencephalitis in  Progressive  Multifocal
Leukoencephalopathy would perhaps revolve around
dynamics of a latent viral infection involving variably
activated endogenous JCV previously acquired and
residing in bone marrow stem cells, B lymphocytes and
kidneys.

Resolved dynamics of latent viral infection would
account for an HIV infected state that progresses in the
face of decreased HIV-1 RNA levels in CSF.

Neuronal-astrocyte interactions com pound neuronal cell
death injury in hiv infection: A propensity for neuronal
apoptosis might reside with astrocytic and microglial
activation that progresses largely m terms of ongoing
chemokine and cytokine reactivity to the HIV infected
state!®. Tt might be significant to consider how modes of
interaction of neurons with astrocytes would be
conducive to transformed HIV handling by neurons and
even by macrophages and microglia.

An astrocytic participating role m evolving HIV
infection of neurons would implicate apoptosis in the
production of stromal-derived factor-1alpha.

This alpha chemokine appears produced by
astrocytes and especially by neurons.

Interactivity between neurons and astrocytes in
terms of cytokie and chemokine production might entail
a variety of lesions that predetermine outcome of HIV-
infected cells. The progressive course of cognitive
decline in HAART treated patients with HI'V encephalitis
might specifically implicate activation of neurons and
astrocytes that further participate in dynamics of delivery
of HIV virions by macrophages and microglia.

Concurrent viral infections contribute to progression of
HIV Infection: Active transport of Human Herpes Virus-6
into the CSF involves a hyperpermeability of the blood-
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brain barrier in conjunction with dynamics of viral loading
and active HIV-1 infection of endothelium and neurons™!.
Tat produced by HIV stimulates several-fold the
replication of DNA initiated at the JCV origin; exogeneous

Tat  possibly ifluences JCV  replication in
oligodendrocytes™.
Tt is significant that such blood-brain barrier

hyperpermeability to Human Herpes Virus-6 entry into the
CSF would allow progression particularly of opportunistic
infections of the CNS such as cytomegalovirus infection.

Tt appears appropriate to consider how HIV-infection
is a consequence of other possible, previously acquired,
viral infections m the consequential evolution of CNS
loading and infection by HIV-1. There is an increased
prevalence of latent HPV-DNA infection in HI'V- infected
patients™. It is significant that many viral infections are
characterized by multifocal involvement of the CNS by
groups of lymphocytes in the evolution of the integrally
infectious state.

Transformation of cellular reactive responses: Dynamics
of mteraction of HIV infection with ongomg
transformations in cellular reactive response would
implicate lymphocyte depletion as an immunologically-
mediated mpury. Highly active antiretroviral therapy alone
may be associated with a considerable rate of sustained
tumor response™. It is perhaps in terms of a response
primarily arising as a consequence of such mjury that HI'V
infection would progress in its own right as a
fundamentally transforming series of tissue and cellular
reactivities. One might view this response to ijury as a
basic characterization of attributes paralleling the ongoing
HIV infection. Primary effusion lymphomas specifically
develop in association with Kaposi’s sarcoma herpes
virus infection, especially in HIV-infected individuals™.
HIV-1 induces tumor angiogenesis and enhances KSHV
transmission to target cells!™.

Clinical evidence suggests that the oncogenicity of
HPV is altered by the HIV-1 infection irrespective of
mmmune status. Progression of infection might be defined
as an attribute arising directly from such evolving
transformations in cellular and tissue reactivity that
subsequently potentiate infections m general and HIV
infection in particular.

Multiple opportunistic infections would perhaps
potentiate further progressive mfection by HIV m a
manner linked particularly to immune suppressive effect
and to depletion of various cellular elements in general.
Expression of the EBV EBNA-Z open ending frame in oral
epithelium may be related to development of oral hairy
leukoplalia™.

One would progressively suffer from a depletion of
lymphocytes concurrent with overwhelming opportunistic
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infection arising in ATDS patients. Pathogenesis of HIV-
associated lymphoma 1s multifactorial, involving
particularly Epstein-Barr virus™.

The very concept of selective T-cell helper depletion
might account for variable response to the consequences
of an HIV infection. Only insofar as it develops into ATDS
does a basic scheme of defining pre-ATDS criteria help
account for progressiveness as a transformation to the
ATIDS syndrome. An increased risk for HIV-associated
nonHodgkin’s lymphoma may possibly develop as a
result of a combination of mmunodeficiency, increased
immune activation and HIV-insertional mutagenesis™".

Malignancy that develops as HIV infection
progresses 1s smmply an expression of modulated
depletion of various cellular pathways that invoke the
subsequent emergence of viral infections as
precarcinogenesis. Epstein-Barr virus DNA 13 present in
lymphoma cells of HIV-infected patients and the EB virus
load may be a marker of lymphoma in these patients™™.

A cycling pattern of HIV-1 turnover: Macrophages laden
with HTV virions would implicate a cycling phenomenon
of turnover reflected i replication of the virus, on the one
hand and in incorporation of provirus within the cell
genome, on the other. Tt might prove significant that a
large virion load within macrophages would upset such a
cycling phenomenon in specifically induced ways arising
as involvement of the cell genome. RNA protein
uncoupling appears a possible target mn such contextual
imbalance of virion-replicative events, implicating,
paradoxically, the incorporation of provirus within the
genome.

Tt might be significant that the outcome for viral
replication is essentially a phenomenon linked to events
of cellular injury.

Replication of virion would perhaps account only
partially for such cellular injury in HIV infection.
Intubitors of the HIV aspartyl protease appear to have a
direct anti-angiogenic and antineoplastic effect that is
unrelated to antiviral activity™.

One might perhaps regard virion replication an
integral event in its own right that is independent of
consequences of related cell injury.

Dynamics of imjury of a virally mfected cell would
involve nuclear/cytoplasmic uncoupling. Indeed, only in
terms of an uncoupling or dissociation of chain pathway
or sequence events can one perhaps also explam a related
injury to cells that otherwise proliferate in a neoplastic
fashion, as seen, for example, with Epstein-Barr virus.

HIV would implicate cell mjury in terms of
consequential involvement of nuclear DNA and its
transcription and translation processes in cell replication.
Combmed AIDS-Kaposi’s sarcome involves cytokines
such as Interleukin 6 driven by autocrine and paracrine
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systems and human herpes virus 8. This virus encodes
for open reading frames as homologs of proteins
implicated in cellular regulation of proliferation, apoptosis

and immune response™”.

Viral protems function as growth factor
ligands/receptors,  signal  transduction  proteins,
transcription factors and cell c¢ycle regulators™l.

Inflammation and cytokine/chemokine production appear
closely related to ongoing cell turnover that implicates
macrophage and leukocyte cycling or turnover.

Neoplastic transformation: Neoplastic transformation
would arise as a responsive but also autonomous
phenomenon of inflammatory and cellular turnover
events. The interactions between HIV and human
papillomavirus, in particular, may favor progression of
cervical neoplasia™.

One would consider biology of malignancy as
incorporating a cellular participation of events in a context
of ongoimng mflammatory consequences affecting cell
cycling. Cell division would both arise and potentiate
such malignant transformation borne out by inflammatory
reactivity of tissues as mtegral organ pathobiology.

HIV participation in infections of the lymphoreticular
system appears conducive to a series of transforming
events affecting DNA and DNA/RNA
transcription/translation events.

HAART administration to HIV + patients may
prevent an increased risk for Kaposi’s sarcoma and
nonHodgkin’s lymphoma™.

A schematic  representation of  pathway
consequences would mmplicate a further amplifying step
in the subsequent development of clonal cell cycling.
Indeed, one might equate cell cycling events with a
clonality that evolves as a series of subcellular
consequences of cytokine and chemokine induced injury
to the genome.

Macrophages appear critically implicated i1 events as
self-amplifying influence in inducing cell injury
particularly affecting lymphocytes. Only in such pathway
processes would there develop a sequential series of
steps promoting self-amplification as a distinctively
integral process in its own right In the absence of
Kaposi’s sarcoma-associated herpes virus-associated
diseases, latent infection of lymph nodes may provide a
mechanism for persistent KSHV infection in KSHV/HIV-1
coinfection™!.

CONCLUSION

Replicative processes in cell division would perhaps
participate  in  the development of anomalous
characterization of transcription and translation of DNA
and RNA that further progress as self-amplification of
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such anomalous events.

Indeed, anomalies of both consequence and effect
might better characterize the neoplastic process as
cytokine and chemokine events of induced derivation that
both promote and further mvolve inflammation in
consequential cell division and transformation of cell
division cycling.
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