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Abstract. — OBJECTIVE: The purpose of the
present multidisciplinary review is to give an up-
dated insight into the most recent findings re-
garding the pathophysiology, diagnosis and
therapeutics of HIV-associated neurocognitive
disorder (HAND).

MATERIALS AND METHODS: We performed
a comprehensive search, through electronic da-
tabases (Pubmed — MEDLINE) and search en-
gines (Google Scholar), of peer-reviewed publi-
cations (articles and reviews) and conferences
proceedings on HAND pathophysiology, diagno-
sis, and therapy, from 1999 to 2016.

RESULTS: It seems to be increasingly clear
that neurodegeneration in HIV-1 affected pa-
tients is a multi-faceted disease involving nu-
merous factors, from chronic inflammation to
central nervous system (CNS) compartmental-
ization of HIV. Diagnosis of HAND may bene-
fit from both laboratory analysis and advanced
specific neuroimaging techniques. As regards
HAND therapy, modified HAART combinations
and simplification strategies have been tested,
while novel exciting frontiers seem to involve the
use of nanoparticles with the ability to cross the
Blood-Brain Barrier (BBB).

CONCLUSIONS: Albeit highly active antiret-
roviral therapy (HAART) allowed a major de-
crease in morbidity and mortality for AIDS
patients, CNS involvement still represents a
challenge in HIV patients even today, affecting
up to 50% of patients with access to combina-
tion antiretroviral therapy (cART). Future stud-
ies will have to focus on CNS compartmentali-

zation, drugs’ ability to penetrate and suppress
viral replication in this compartment, and on
new approaches to reduce HIV-associated neu-
roinflammation.
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Introduction

Since the debut of highly active antiretroviral
therapy (HAART), human immunodeficiency vi-
rus (HIV) disease has modified its course from
being an acute and highly lethal disease to a treat-
able chronic illness, even in marginalized popula-
tions', leading to a new constellation of problems,
generally referred to as “non-AIDS morbidity”>.
Hence, as time went by, medical attention has
shifted from the acute and mostly infectious com-
plications® to long-term and possibly age-related
ones, such as bone and renal affection, cardiovas-
cular disease, non-AIDS (acquired immune de-
ficiency syndrome) defining cancers and central
nervous system disorders*,

As most of the chronic diseases affecting the
general population, even in HIV affected patients
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the pathogenesis of these affections is multi-fac-
eted’": direct HIV replication, chronic inflamma-
tion, treatment-related adverse events, immuno-
deficiency, immunosenescence (the aging of the
immune system), frailty.

Central nervous system (CNS) involvement in
HIV patients is a quite common phenomenon,
affecting up to 50% of patients with access to
combination antiretroviral therapy (cART)>.
With changes in memory, concentration, atten-
tion and motor skills, HAND (HIV-associated
neurocognitive disorders) consists of a series of
disabling neurological conditions, which affect
specifically HIV-individuals and may vary be-
tween three main degree of severity (Frascati
criteria)®: asymptomatic neurocognitive im-
pairment (ANI), mild neurocognitive disorder
(MND) and HIV-associated dementia (HAD).
According to this classification, ANI, which ap-
pears to be the most common form of HAND
with approximately 70% of cases®?, differs from
both MND and HAD due to the lack of symp-
toms or apparently any deficit which may affect
daily functions. Nevertheless, recent studies
raised the doubt if screening tests for HAND, es-
pecially for ANI, might be misleading, possibly
heading to false-positive or even false-negative
diagnosis®*. The Consensus Report of the Mind
Exchange Program® claimed that screening
tests usually underestimate the real incidence of
HAND and that there is no “perfect tool” suita-
ble for use across all practice settings. However,
while finding the most accurate test for HAND
screening still remains a challenge, it appears to
be appropriate collecting neurocognitive screen-
ing test anyway from all HIV patients, possibly
before cART initiation*. Diagnosis of HAND
should be made only after a comprehensive eval-
uation and exclusion of other potential causes®.
In fact, neurocognitive impairment may occur
in HIV patients not only related to the course
of the disease, but also due to HAART effects,
substance abuse, co-infections, cerebrovascular
disease and other age-associated degenerative
diseases of the CNS: these last two, in particu-
lar, have been more and more diagnosed in the
last 10 years due to the remarkably increasing
proportion of aged HIV-infected individuals op-
timally treated with cART, which reached a pro-
longed life expectancy to over age 50.

The purpose of this review was to summarize
current knowledge about HAND, focusing on
novel findings regarding pathophysiology and
therapeutics of this disease.

Pathophysiology of HAND

While there is an ongoing debate to assess the
pathophysiology of HAND, it is increasingly clear
that neurodegeneration in HIV-1 affected patients
is a multi-faceted disease.

HIV-associated chronic inflammation clear-
ly seems to be one of the main factors, which
contribute to the onset and maintenance of neu-
rocognitive impairment in HIV-affected pa-
tients***'. In fact, while a great number of HIV
patients are not affected by any cognitive dys-
function or, at least, succeed in reversing them
with appropriate cART*, on the other hand, in
another good portion of them, a residual disease
often persists. Among other effects, mostly due
to the activation of several signaling pathways
and chemokines/cytokines release®®, chronic in-
flammation appears fundamental in reducing the
degree of resistance of the blood-brain barrier
(BBB), thus increasing the rate at which free vi-
rus and viral proteins cross it*. Through the ac-
tivation of these signal pathways, HIV also ends
in stimulating a process called excitotoxicity,
by means of which an inappropriate amount of
an excitatory neurotransmitter is released from
the cells, hence evoking changes in cells polar-
ization and ions levels, consequently activating
enzymes which lead to neuronal damage and
synaptic disruption®.

Since HIV cannot infect directly neuronal cells,
different models for explaining the neurodegener-
ation in HAND have been conceived (which are
not necessarily exclusive)**¢, two of which share
the common denominator of initial perivascular
macrophages and microglia HIV infection®. The
first (direct) model consists in neuronal damage
elicited by the direct contact between viral pro-
teins (such as Tat, gpl20 or Nef), released from
infected monocytes, and neuronal cells***. Ac-
cording to the second (indirect) model instead,
HIV proteins, released from infected cells, gener-
ate an inflammation mechanism, which then leads
to neuronal death***. Neuronal damage in virally
suppressed HIV-1 infected patients has also been
recently confirmed by Eden et al*’, showing a
correlation between mild HAND and CSF neop-
terin, a biomarker of macrophage and microglial
activation in CNS. Nevertheless, to date, there is
still debate on whether monocytes/macrophages
may also represent an HIV latency site such as
memory T cells*, and more data will have to be
gathered in order to clarify this possibility.

Microbial translocation, ascertainable through
detection of lipopolysaccharide (LPS) levels in
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plasma, has been described as another possible
mechanism at the heart of CNS inflammation and
HAND, due to its induction of persistent mac-
rophages and T-cells activation and leading to a
chronic inflammatory state**-°.

As we said before, nowadays the process of
aging is becoming more and more the pivot of
the interest focused on HIV patients. A general
decline in cognitive functions is a quite natural
and inevitable process when a healthy or diseased
individual, ages. In addition to this, there might
be some comorbidities, such as cerebrovascular
disease, Alzheimer or Parkinson’s disease, which
can participate to the onset of HAND in an older
patient™2. Finally, there is the direct contribute
from HIV. It is now well accepted, in fact, that
the aging brain appears to be more susceptible to
neuronal injury related to HIV infection®'.

Furthermore, data from literature®®>® showed
that HIV disease had been independently associ-
ated to an earlier occurrence of frailty, which is
defined as a clinical syndrome characterized by
a low capacity of resistance to stressors, leading
to a general decline of the human body involving
multiple systems, and causing vulnerability to ex-
ternal stimula®.

In spite of the dramatic reduction in the inci-
dence of HAD since the introduction of cART*,
which proved its effectiveness against HIV even
in the CNS, there is ongoing debate as to whether
the potential neurotoxicity of ART had to be tak-
en into consideration among all factors contrib-
uting to HAND®2, According to Underwood et
al®', there are two main potential mechanisms of
antiretroviral CNS neurotoxicity. A first indirect
model of toxicity of ART on CNS is explained
through vascular mechanisms, which may lead
to a premature aging of the brain®®. A second
model put into play direct mitochondrial toxicity,
showing evidence of depletion in mitochondri-
al DNA (mtDNA) in some cortical areas, with a
corresponding increase of oxidative DNA dam-
age®'. In this last study, cytochrome-c oxidase
(COX) was considered a marker of mitochondri-
al oxidative function: COX deficiency in muscle
fibers exposed to nucleoside and nucleotide re-
verse transcript inhibitors (RTIs) was registered,
but it appeared to consist in a clonal expansion
of pre-existing, age-related, mtDNA mutations,
thus leading to the conclusion that NRTIs might
contribute to worsen a prior condition to neuronal
damage®'. The concept of mitochondrial dysfunc-
tion has also been strengthened by a more recent
work by Samuels et al®, which established a con-
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nection between mtDNA content in blood cells
and the presence of cognitive impairment.
Finally, novel findings concentrated the atten-
tion on CNS compartmentalization of HIV, which
appears to take place mostly before cART initi-
ation®® and leads towards the transformation of
the CNS in a potential reservoir for HI'V. Several
viral escape mechanisms seem to contribute to
this event (infection of long-lived memory CD4+
T cells, naive CD4+ T cells, T follicular helper
cells, macrophages and microglia)®®*’, and wheth-
er other cell types and tissues might be involved,
such as gut-associated lymphoid tissue (GALT),
v T cells®, astrocytes® or oligodendrocytes™, is
still an open question. Recently, it has been shown
that the presence of IFNy expressing CD8+
T-cells, the absence of cytolytic CD8+ T-cells,
high myeloid activation, and failure of ART to
suppress HIV replication in CSF, they all contrib-
ute to increase the risk of HAND'. Furthermore,
monocyte activation within the CNS compart-
ment is directly associated with neuronal injury
at all stages of HAND"2. Finally, the presence of
drug resistance mutations in CSF and blood might
also play a role in CNS compartmentalization™,
but more prospective and specifically designed
studies will be needed in order to clarify how HIV
mutations might contribute to the so-called “CSF
escape”. Figure 1 gives a schematic representa-
tion of the multifactorial pathogenesis of HAND.

Diagnosis of HAND

We previously mentioned that the diagnosis of
HAND should be made only after a comprehen-
sive evaluation and exclusion of other potential
causes’®.

After gathering a detailed medical and neu-
rological history, assessing eventual alcohol and
substance abuse, collecting informations about
eventual comorbidities or co-infections’™ and
evaluating patient’s psychiatric conditions, neu-
rocognitive impairment has to be recognized
through clinical symptoms and signs: impaired
attention, memory loss, deficit in motor skills or
in performing activities of daily living, demen-
tia. The clinical scenario has to be assessed with
appropriate screening methods*-%: by means of
neuropsychological performance (NP) testing
and self-reported assessment of every day activi-
ties, patient symptoms may be classified in ANI,
MND or HAD according to Frascati criteria®.

Nowadays, neuroimaging techniques may be
performed to achieve a more accurate differential
diagnosis of HAND from other neurodegenera-
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HIV-associated chronic
inflammation

(persistent activation of cytokines
and signaling cascades, crossing of
the damaged blood-brain barrier
by virus and viral proteins)

Increase susceptibility of
aged brain to neuronal injury
induced by HIV infection

Potential neurotoxicity
induced by antiretroviral
therapy (ART)

Neuronal damage due hy
direct contact between viral
proteins, released from
infected monocytes, and
neuronal cells

Microbial infiltration with
persistent macrophage and
T-cell activation

Compartmentalization of HIV
in the central nervous system

HIV-associated neurocognitive
disorder (HAND)

Figure 1. Schematic representation of the multifactorial pathogenesis of HIV-associated neurocognitive disorder

(HAND). Refer to the main text for major details.

tive diseases especially in older patients, or from
secondary causes of cognitive disorders, in order
to adopt appropriate treatments. The term “neuro-
imaging” includes both morphological and struc-
tural assessments provided by radiological tech-
niques, such as CT, MRI, Functional MRI and
MR spectroscopy, as well as metabolic, function-
al and biochemical nuclear medicine methods,
such as Positron Emission Tomography (PET),
Single Photon Emission Computed Tomography
(SPECT) and the hybrid imaging PET/CT and
SPECT/CT.

Although there is no specific tracer for HAND
evaluation, the ability of nuclear medicine meth-
ods to assess the “in vivo™ metabolic, function-
al and ultrastructural biochemical abnormalities
provides valuable and safe support for clinicians,
who also benefit from the quantitative analysis
in both initial diagnosis and follow-up”. The two
techniques, PET and SPECT, are able to identi-
fy metabolic and functional damage in an early
stage, before neuronal death, both in the original
areas of lesion appearance and in the remote sites
of the efferent synapses’; these procedures also
allow the follow-up of disease progression’.

The PET imaging with "®Fluorodeoxyglucose
(FDGQ) is widely used to evaluate the metabolic
activity of various pathological cells and tissues,
such as neoplastic diseases, including brain me-

tastases’’. Moreover, neuron uptake of "FDG has
been used in the differential diagnosis of a large
number of neurodegenerative disorders, such as
cognitive impairments, Parkinson’s disease, and
in the differential diagnosis of various cogni-
tive disorders in HIV-affected patients. In Neu-
ro-HIV, some specific metabolic patterns have
been described, at PET B¥FDG evaluation, as able
to improve diagnostic classification, with respect
to the primary neurodegenerative forms. For in-
stance, a low *FDG uptake due to an hypome-
tabolism in cortical areas, associated to a high
uptake in subcortical regions, especially in basal
ganglia (that could be considered as abnormalities
in connectivity between the different regions),
could be classified as a typical pattern of HIV in-
fection with AIDS™7. Moreover, an irregularly
reduced metabolism in cortical and subcortical
areas is typical in even more advanced chronic
states, evidencing the progression of functional
damage®. An interesting *FDG PET study, re-
garding asymptomatic patients on HAART with
HAND, showing a reduced metabolism of dif-
ferent degrees in the frontal regions, with normal
MRI results has been reported®. These latter data
have been confirmed in another study, underlying
the earliest nuanced metabolic changes that occur
in asymptomatic HIV+ patients on HAART ther-
apy®?, which seems not always effective in pre-
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venting HAND. Furthermore, some drugs includ-
ed in HAART regimens are highly neurotoxic,
thus possibly contributing to neuroinflammation
and to subsequent HAND development (Figure
2 shows a typical PET pattern in a patient with
HAND). To date, only few PET studies evaluating
neuroinflammation in patients with HAND have
been performed, some of which used '"C PK1195
as a tracer®**. The binding of ""C PK1195 to the
translocator protein, which is a mitochondrial re-
ceptor upregulated in activated microglia, seems
to be significantly higher in HIV patients with
HAND compared to those with no cognitive dis-
orders®*. This tracer could represent an interest-

ing tool in HAND evaluation, but further studies
with more cases and longer follow-up will be nec-
essary to confirm its usefulness.

SPECT procedures, which are the most wide-
ly diffuse techniques in nuclear medicine, eval-
uate the “in vivo” specific functional state of the
nerve and the specific cellular characteristics,
such as enzyme activities, synthesis and/or re-
ceptor expression. These procedures have the
potential to support cognitive impairment differ-
ential diagnosis and follow up in early disease.
The uptake variations of lipophilic tracers, such
as “mTc HM-PAO (hexamethyl-propilenami-
na-oxime) and *mTc ECD (ethyl-cysteine dimer),

Figure 2. Typical 18FDG-PET pattern of HIV infection with HIV-associated neurocognitive disorder (HAND): global
irregular 18FDG hypometabolism in cortical areas associated to a high tracer uptake in subcortical regions, especially in

basal ganglia.
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directly reflect the variations in regional cerebral
perfusion, although different studies have demon-
strated the existence of a close link between me-
tabolism and perfusion parameters, allowing
to consider the areas of impaired perfusion (at
“mTc HM-PAO SPECT) as areas of altered me-
tabolism. Thus, *mTc HM-PAO brain SPECT can
give informations on pathological changes of the
bio-molecular structure of nerve cells and on the
physiopathology of the CNS*. Some typical cer-
ebral perfusion abnormalities at *mTc HM-PAO
SPECT were observed in all major types of cogni-
tive disorders and dementias®®-®®, but no evidence
is available on the employment of this procedure
in HAND cases.

In addition to the already existing radiophar-
maceuticals for regional perfusion cerebral stud-
ies, new radiotracers have been introduced for
biomolecular SPECT imaging in cognitive disor-
ders evaluation. The qualitative and quantitative
analyses of the presynaptic cellular dopaminergic
receptor expression (DaT) in basal ganglia with
'] Toflupane SPECT, including statistical meth-
ods¥, could represent a useful tool in HAND di-
agnosis in the near future, since a dopaminergic
dysfunction was observed in HIV patients with
dementia®. This finding, in advanced stages of
HIV infection, could be considered as dopaminer-
gic system deterioration due to the neurotoxicity
and to the neuroinflammation itself. On the other
hand, during the early stages of the infection, the
uptake of '*’I Ioflupane might be apparently nor-
mal because of the incretion of DaT expression
caused by the neurotoxicity, and the tracer uptake
would tend to decrease only with disease progres-
sion’!.

As regards laboratory analysis, CSF researches
are often performed on HIV-1 infected patients
to reveal neuronal damage*” and also to rule out
non-HIV neurological conditions®. Neuronal
damage can be measured through neurofilament
light protein (NFL) levels in CSF, while detection
of CSF neopterin may be used as a biomarker of
macrophage and microglial activation in CNS?.
Moreover, a recent study showed a powerful cor-
relation between CSF interferon alpha (IFNa)
levels and CSF NFL, validating the relationship
with neurocognitive impairment in ambulatory
HIV-infected individuals®.

Additional laboratory diagnostic tools may
also result handful. As we already said, LPS may
be found in the plasma of HIV-1 affected patients
as a result of a gastroenteropathy-related bacte-
rial translocation**=°. Also, plasma biomarkers of

monocyte/macrophage activation, such as plas-
ma soluble CDI4 (sCD14) and soluble CD163
(sCD163), have been found to represent potential
predictors of HAND progression and therapeu-
tic responses, correlating inversely with global
neurocognitive capacity, attention and learning
scores”*,

Furthermore, several investigations corrobo-
rated the important role of HIV proteins in neu-
roinflammation. Viral protein Tat, for example,
is implicated in neurodegeneration: a positive
correlation between this viral protein levels
and cognitive impairment in HAND has been
showed?”, together with the implication of Tat
interference with the trafficking of cyclin-de-
pendent kinase 5 (CDKS5, a kinase involved in
cell migration, angiogenesis, neurogenesis and
synaptic plasticity) between the nucleus and cy-
toplasm, leading to an hyper-activation of this
kinase and eventually to neuronal death?. An-
other HIV-1 accessory viral protein (viral pro-
tein R: Vpr) recently raised the attention for its
potential involvement in HAND pathogenesis,
as well as an eventual biomarker of neuronal
damage: Dampier et al’” demonstrated the asso-
ciation between neuropsychological impairment
in HIV-1 infected patients and the presence
of specific amino-acid changes in peripher-
al blood-derived Vpr sequences. Specifically,
some of them (N41 and A55) showed a direct re-
lationship with poor results in neuropsycholog-
ical assessment test scores, while some others
(amino acids 137 and S41) resulted connected
to lower deficit scores’”. Viral proteins studies
had already been performed in the past, and a
correlation between these proteins and inflam-
mation in HAND came into light. For exam-
ple, envelope protein gpl20/gp41 seems to be
able to activate chemokine receptors (CXCR4
or CCRS5) on neurons, as well as down-regu-
lating glutamate uptake by astrocytes causing
excitotoxicity®®?’. Recent reports showed that
the gpl120 protein induces neuroinflammation,
mitochondrial damage and energy metabolism
impairment'®'"! as well as some neurotoxins
such as 1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine (MPTP) that cause parkinsonism in
animal models of Parkinson’s disease'*>*.

Moreover, HIV protein Nef also appears to
have a role in neuronal apoptosis and in trigger-
ing the release of pro-inflammatory factors such
as tumor necrosis factor alpha (TNF-a), interleu-
kin 6 (IL-6) or macrophage inflammatory protein
1 (MIP-1)!05:106,
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In conclusion, we can assume that multiple
methods should be used, from neuropsychologi-
cal performance evaluation, through neuroimag-
ing, to cerebrospinal fluid and plasma analysis, in
order to reach a more detailed knowledge of CNS
changes during HIV infection and to be able to
differentiate between HAND and other CNS dis-
orders.

Therapeutics for HAND

The overarching idea for HAND therapy is to
achieve permanent elimination of HIV from CNS
reservoirs, while decreasing neuroinflammation,
thus preventing or, at least, ameliorating cogni-
tive impairment in HIV-1 affected patients. Even
though the use of cART has been widely recog-
nized as pivotal in preventing and partially con-
taining the evolution of HAND*, there is still the
need to identify a realistic shelter for HI'V patients
from neurocognitive disorders related to the CNS
viral infection.

In response to this need, different therapeu-
tic approaches have been proposed. Particular-
ly, large clinical trials conducted by means of
AIDS clinical trials group (ACTG) sharpened
the anti-inflammatory role of Minocycline (a
second-generation tetracycline antibiotic), the
anti-oxidant effect of Selegiline (a monoam-
ine oxidase type B inhibitor) and the anti-ex-
citotoxicity potentiality of Memantine (N-me-
thyl-D-aspartate glutamate receptor (NMDAR)
blocker)*.

Chemokine receptor CCRS has been implicated
in participation to CNS inflammation and, specif-
ically, as a co-receptor that mediates HI'V entry'"”.
For this reason, CCRS5 antagonists such as Mara-
viroc, initially conceived as viral entry-inhibitors,
are now being tested also in other inflammatory
disorders that are unrelated to HIV infection, due
to evidences, which proved their anti-inflammato-
ry and anti-leukocyte trafficking role'*®. Further-
more, evidences showed that CCRS might also
have a role in maintaining HIV infection of the
CNS, thus contributing to the CNS compartmen-
talization'®.

To date, there are also different ongoing
studies assessing eventual modification in neu-
rocognitive impairment in virally suppressed
patients undergoing to simplification strategies
for ART or receiving non-ART medications as
adjunctive therapy'®: switching to dual thera-
py regimens proved to be safe after one year
of follow-up, the antidepressant medication
paroxetine seems to represent an advantage
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at neuropsychological tests, while no benefits
were registered from patients taking lithium as
adjunctive therapy'®.

Finally, novel exciting frontiers of HAND
therapy may consist in the increasing efficacy of
HAART delivery and bioavailability by means of
nanoparticles with the ability to cross the BBB
without affecting its integrity. Nanocarriers such
as natural and synthetic polymeric nanoparticles,
dendrimers, liposomes, and various drug conju-
gates have been taken into consideration'’. Over
all, magnetic nanoparticles (MNPs) seem to pos-
sess the best potentialities, due to the externally
applied magnetic force, which fastens MNPs-
drug delivery to the target site (CNS)'!".

Conclusions

Albeit HAART allowed a major decrease
in morbidity and mortality for AIDS patients,
HIV-associated neurocognitive disorders still
remain a burden, which should stimulate the
search of novel and more effective therapeutic
approaches.

Future studies will have to focus on CNS com-
partmentalization, drugs’ ability to penetrate and
suppress viral replication in this compartment,
and on new approaches to reduce HI V-associated
neuroinflammation.

Statement of Interests

Authors’ declaration of personal interests: The authors de-
clare that they had no financial interests or commercial as-
sociations during the course of this study.

Declaration of funding interests: This article did not require
any sources of funding or financial arrangements that may
represent a possible conflict of interest.

References

1) MonNarcA R, Mapebbu G, RANIERI R, CARBONARA S, LEO
G, SArRDO M, CHoRrROMA F, CAsARI S, MARRI D, MUREDDA
AA, NAavA FA, Basupier S; SIMSPe-SIMIT Grour. HIV
treatment and care among Italian inmates: a one-
month point survey. BMC Infect Dis 2015; 15: 562-
5609.

2) Deexs SG, Lewin SR, Havur DV. The end of AIDS:
HIV infection as a chronic disease. Lancet 2013;
382: 1525-1533.

3) Mapebbu G, LAURA Fiori M, Steta Mura M. Bacteri-
al community-acquired pneumonia in HIV-infect-
ed patients. Curr Opin Pulm Med 2010; 16: 201-
207.



HAND in post-HAART era

5)

6)

7)

10)

11)

12)

13)

14)

BonFanT P, Riccl E, pe Socio G, Zeme D, CARRADORI
S, Penco G, Parrumi G, Grosso C, Mapebbu G, Vi-
cHI F, Bint T, MARTINELLI C, MELzI S, Quirino T; CISAI
Stupy Grour. Metabolic syndrome: a real threat for
HIV-positive patients?: Results from the SIMONE
study. J Acquir Immune Defic Syndr 2006; 42:
128-131.

BonranTi P, DE Socio GL, MArconi P, FrRanzeTTi M,
MARTINELLI C, VicHI F, PEnco G, MApebbu G, OROFINO
G, VALseccH L, VimeLLo P, MenzagHl B, MaGni C, Ric-
a E. Is metabolic syndrome associated to HIV in-
fection per se? Results from the HERMES study.
Curr HIV Res 2010; 8: 165-171.

De Socio GV, Rical E, ParruTi G, MAGaI P, MADEDDU
G, Quirino T, BonranTi P. Chronological and biolog-
ical age in HIV infection. J Infection 2010; 61: 428-
430.

BonranTi P, DE Socio GV, Riccl E, ANTINORI A, MART-
INELLI C, VicHi F, PEnco G, Mapepbbu G, OrorFiNO G,
VALSECCHI L, RuscoNi S, MENzAGHI B, PocaTerra D,
Quirino T. The feature of Metabolic Syndrome in
HIV naive patients is not the same of those treat-
ed: results from a prospective study. Biomed
Pharmacother 2012; 66: 348-353.

Mabebbu G, Fois AG, Caua GM, BABupIERI S, Sobbu
V, Becciu F, Fiori ML, SpaDA V, Lovicu C, MANNAZZU
M, Cabpeo A, Piras B, PirRiNa P, Mura MS. Chronic
obstructive pulmonary disease: an emerging co-
morbidity in HIV-infected patients in the HAART
era? Infection 2013; 41: 347-353.

ScHiLLaal G, Macgal P, Mabebbu G, Puca G, MAaz-
zoTTA E, PEnco G, OroFiNo G, MENzZAGHI B, Rusco-
NI S, CArenzl L, CeLesiA BM, MARTINELLI C, BONFANTI P,
De Socio GV; CISAI Stupby Grour. Symmetric am-
bulatory arterial stiffness index and 24-h pulse
pressure in HIV infection: results of a nationwide
cross-sectional study. J Hypertens 2013; 31:
560-567.

ZANET E, BERRETTA M, MARTELLOTTA F, CAcoPARDO B, Fi-
SICHELLA R, TAvio M, BerreTTA S, Tirernr U. Anal can-
cer: Focus on HIV-positive patients in the HAART-
era. Curr HIV Res 2011; 9: 70-81.

PinzoNE MR, FioricA F, Di Rosa M, MALAGUARNERA G,
MALAGUARNERA L, CacorarDO B, ZANGHI G, NUNNARI
G. Non-AIDS-defining cancers among HIV-infect-
ed people. Eur Rev Med Pharmacol Sci 2012; 16:
1377-1388.

BERRETTA M, CINELLI R, MARTELLOTTA F, SPINA M, VACCH-
er E, TireLLi U. Therapeutic approaches to AIDS-re-
lated malignancies. Oncogene 2003; 22: 6646-
6659.

MARTELLOTTA F, BERRETTA M, CAcoPARDO B, FisICHELLA
R, ScHiorPA O, ZANGHI A, SPARTA D, CAPPELLANI A, TA-
LAMINI R, 1zz1 |, RiboLFo A, TorresIN A, FioricA F, Tire-
Lur U. Clinical presentation and outcome of squa-
mous cell carcinoma of the anus in HIV-infected
patients in the HAART-era: a GICAT experience.
Eur Rev Med Pharmacol Sci 2012; 16: 1283-
1291.

SimoNELLl C, TeDescHI R, GLOGHINI A, TALAMINI R, Bor-
TOLN MT, BErRReTTA M, SPINA M, MOoRASsUT S, VACCH-
er E, DEe PaoLi P, CarBoNE A, Tirert U. Plasma HHV-

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

8 viral load in HHV-8-related lymphoproliferative
disorders associated with HIV infection. J Med Vi-
rol 2009; 81: 888-896.

BERReTTA M, GARLASSI E, CAacorarDO B, CAPPELLANI A,
GuARALDI G, CoccHi S, De Paoul P, LLEsHI A, Izzi |, Tor-
RESIN A, Di GANGI P, PIETRANGELO A, FERRARI M, BEARZ
A, BERReTTA S, NAsTi G, Di BENEDETTO F, BALESTRERI L,
Tire, U, VENTURA P. Hepatocellular carcinoma in
HIV-infected patients: check early, treat hard. On-
cologist 2011; 16: 1258-1269.

ZANET E, BERRETTA M, MARTELLOTTA F, CAcorarDO B, Fi-
sicHELLA R, TAavio M, BerretTA S, TirReLr U. Anal can-
cer: Focus on HIV-positive patients in the HAART-
era. Curr HIV Res 2011; 9: 70-81.

BERRETTA M, ZANET E, BasiLE F, RipoLro AL, D1 BENEDET-
10 F, BEARZ A, BERReTTA S, NasTi G, Tirerur U. HIV-pos-
itive patients with liver metastases from colorectal
cancer deserve the same therapeutic approach
as the general population. Onkologie 2010; 33:
203-204.

BERRETTA M, LLEsHI A, CAPPELLANI A, BEARZ A, SPINA
M, TaLamiNi R, CacorArDO B, NUNNARI G, MONTESAR-
cHio V, lzzi |, LANZAFAME M, NAsTI G, BAsILE F, BERRET-
TA S, FisicHELLA R, ScHIANTARELLI C C, GARLASSI E, RiDoL-
Fo A, GueLLA L, Tirerer U. Oxaliplatin based chemo-
therapy and concomitant highly active antiretro-
viral therapy in the treatment of 24 patients with
colorectal cancer and HIV infection. Curr HIV Res
2010; 8: 218-222.

ScarPINO M, PinzoNE MR, Di Rosa M, Mapepbbu G, Fo-
cA E, MARTELLOTTA F, ScHiorPA O, Ceccarelll G, CELE-
siA BM, D’Ettorre G, VuLLo V, BErreTTA S, CACOPAR-
po B, Nunnarl G. Kidney disease in HIV-infected
patients. Eur Rev Med Pharmacol Sci 2013; 17:
2660-2667.

CastroNuovo D, Cacorarpo B, PinzoNE MR, Di Ro-
SA M, MARTELLOTTA F, ScHiorPA O, MORENO S, NUNNARI
G. Bone disease in the setting of HIV infection:
update and review of the literature. Eur Rev Med
Pharmacol Sci 2013; 17: 2413-2419.

Mabebbu G, SpaNu A, SoLiNas P, Caua GM, Lovicu C,
CHessA F, MANNAZzzu M, FaLcHi A, Mura MS, MADED-
pu G. Bone mass loss and vitamin D metabolism
impairment in HIV patients receiving highly active
antiretroviral therapy. Q J Nucl Med Mol Imaging
2004; 48: 39-48.

Mapebbu G, Spanu A, SoLiNAs P, BABuDpIERI S, CALIA
GM, Lovicu C, MaNNAzzu M, Nuvou S, Piras B, Ba-
GELLA P, Mura MS, Mapebbu G. Different impact of
NNRTI and Pl-including HAART on bone miner-
al density loss in HIV-infected patients. Eur Rev
Med Pharmacol Sci 2015; 19: 4576-89.

NuUNNARI G, BERRETTA M, PinzoNE MR, Di RosAa M, BEer-
RETTA S, CunsoLo G, MALAGUARNERA M, COSENTINO S,
DE PaoLi P, ScHNELL JM, Cacorarpo B. Hepatocellular
carcinoma in HIV positive patients. Eur Rev Med
Pharmacol Sci 2012; 16: 1257-1270.

ZANET E, BERRETTA M, BENEDETTO FD, TALAMINI R, BAL-
LARIN R, NUNNARI G, BErreTTA S, Ripolfo A, Lleshi A,
Zanghi A, Cappellani A, Tirelli U. Pancreatic can-
cer in HIV-positive patients: a clinical case-control
study. Pancreas 2012; 41: 1331-1335.

2297



G. Caruana, G. Vidili, P.A. Serra, P. Bagella, A. Spanu, V. Fiore, et al.

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

PinzoNe MR, Di Rosa M, Cacorarpo B, NuUNNArI G.
HIV RNA suppression and immune restoration:
can we do better? Clin Dev Immunol 2012; 2012:
515962.

PinzoNE MR, D1 RosA M, MALAGUARNERA M, MADED-
pu G, FocA E, CeccareLLl G, D’ETTorrE G, VuLLo V, Fi-
sicHELLA R, Cacorarpo B, NunNArl G. Vitamin D de-
ficiency in HIV infection: an underestimated and
undertreated epidemic. Eur Rev Med Pharmacol
Sci 2013; 17: 1218-1232.

FonTtANA DEeL VEccHio R, PinzoNe MR, CacorarDO B,
Nunnarl G. Anal cancer in HIV-positive patients.
WCRJ 2014; 1: e405.

CArBONE A, GLOGHINI A, VACCHER E, DE Paoui P. Lym-
phomas and other cancers in HIV-infected pa-
tients. WCRJ 2014; 1: e291.

Di FrRaNcIA R, Fierro C, Di PaoLo M, Siesto SR, Caco-
PARDO B, CiLeNTI L, ATRIPALDI L. SELECTED PHARMACOGE-
NETIC PANEL TEST FOR TOXICITY prevention of drug-drug
interactions between Highly Active Antiretroviral
Therapy (HAART) and antiblastic chemotherapy.
WCRJ 2015; 2: e492.

LAV, Fiore V, Caua GM, Lovicu C, Zizzi B, Bubroni
C, Peruzzu F, BageLLa P, Mura MS. Relationship be-
tween neurocognitive impairment and cardiovas-
cular risk in an HIV-infected patient: a case report.
Infect Dis Trop Med 2015; 1: E182.

Deeks SG. HIV infection, inflammation, immunose-
nescence, and aging. Annu rev med 2011; 62:
141-155.

HeatoN RK, CLiFForp DB, FRANKLIN DR, Woobs SP, AKE
C, VADA F, ELus RJ, LETENDRE SL, MARcoTTE TD, ATKIN-
soN JH, Rivera-MINDT M, ViGiL OR, TAvLor MJ, CoLLIER
AC, MARRA CM, GELMAN BB, MIcARTHUR JC, MORGELLO
S, SimpsoN DM, McCutcHAN JA, ABRAMSON |, GAMST A,
FENNEMA-NOTESTINE C, JERNIGAN TL, WoONG J, GRANT |
AND For THE CHARTER Grour. HIV-associated neu-
rocognitive disorders persist in the era of potent
antiretroviral therapy CHARTER Study. Neurolo-
gy 2010; 75: 2087-2096.

ANTINORI A, ARENDT G, BEecker JT, BrRew BJ, Byrp DA,
CHErNER M, Cuirrorp DB, Cinaue P, EpsTeiN LG, Goob-
KIN K, GissLeN M, GRrANT I, HEAaTON RK, JoserH J, MARD-
ER K, MARRA CM, MCcARTHUR JC, NUNN M, PricE RW,
PuLuiam L, RoBertsoN KR, Sacktor N, VALcour V, Wo-
JNA VE. Updated research nosology for HIV-asso-
ciated neurocognitive disorders. Neurology 2007;
69: 1789-1799.

HeLwmutH J, Mitaning B, VaLcour V. Interactions be-
tween aging and NeuroAIDS. Curr Opin HIV AIDS
2014; 9: 527-532.

MIND EXCHANGE WORKING GROUP, ANTINORI A, ARENDT
G, GRANT I, LETENDRE S, CHAIR, MuRNoz-MoRreno JA,
EGGers C, BrRew B, BRrouiLLETTE MJ, BernAL-CANnO F,
CARVALHAL A, PereirA CHristo P, Cinaue P, Cysioue L,
ELus R, EVeraLL I, GAsNAuLT J, HussTeDT |, KorTEN V,
MAcHALA L, OBERMANN M, QUAKININ S, PoDzZAMCZER
D, PorTEGIES P, RACKSTRAW S, ROURKE S, SHERR L, STRE-
INU-CERCEL A, WINSTON A, WOINA V, YAZDANPANNAH Y,
ARrBEss G, BARIL JG, BeGovAac J, BErGIN C, BoONFANTI P,
BonNoRrA S, BRINKMAN K, CANESTRI A, CHOLEWIDSKA-Szy-

2298

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

47)

MANSKA G, CHowers M, CooNey J, Corti M, DOHERTY
C, ELBIRT D, Esser S, FLorence E, Force G, GiLL J, Gor-
FARD JC, HARRER T, LI P, VAN DE KERCKHOVE L, KNECHT G,
MATsUSHITA S, MATULIONYTE R, McCoNKEY S, MOUGLIGNI-
ER A, OKA S, PENALVA A, RIESENBERG K, SAMBATAKOU H,
Tozzi V, VassaLLo M, WETTERBERG P, DrRAPATO AW. As-
sessment, diagnosis, and treatment of HIV-asso-
ciated neurocognitive disorder: a consensus re-
port of the mind exchange program. Clin Infect
Dis 2013; 56: 1004-1017.

Unberwoobp J, Winston A. Guidelines for Evalu-
ation and Management of Cognitive Disorders
in HIV-Positive Individuals. Curr HIV/AIDS Rep
2016; 13: 235-240.

HonG S, Banks WA. Role of immune system in
HIV-associated neuroinflammation and neuro-
cognitive implications. Brain Behav Immun 2015;
0: 1-12.

Linor KA, Marks DR, Korson DL, Jorban-Sciutto KL.
HIV-associated neurocognitive disorders: patho-
genesis and therapeutic opportunities. J Neuro-
immune Pharmacol 2010; 5: 294-309.

GANNON P, KHAN MZ, Kotson DL. Current under-
standing of HIV-associated neurocognitive dis-
orders pathogenesis. Curr Opin Neurol 2011; 24:
275-283.

NEeuHAus J, Jacos DR Jr, BAker JV, CALmy A, DuPRrez
D, LA Rosa A, KuLter LH, Pett SL, RistoLA M, Ross
MJ, SHuPAk MG, TrAcY R, Neaton JD. Markers of in-
flammation, coagulation, and renal function are
elevated in adults with HIV infection. J Infetct Dis
2010; 201: 1788-1795.

GroviT-Fereas K, Harris-WHiTE ME. Thinking about
HIV: the intersection of virus, neuroinflammation
and cognitive dysfunction. Immunol Res 2010; 48:
40-58.

Tozzi V, BALESTRA P, GALGANI S, NARciso P, Ferri F, SE-
BASTIANI G, CArRMELO D, AFrrricaNo C, PigoriNi F, Pau
FM, De Feua A, Benebetto A. Positive and sus-
tained effects of highly active antiretroviral ther-
apy on HIV-1-associated neurocognitive impair-
ment. AIDS 1999; 13: 1889-1897.

DoHacu S, Banks WA. Brain pericytes increase the
lipopolysaccharide-enhanced transcytosis of HIV-
1 free virus across the in vitro blood-brain barri-
er: evidence for cytokine-mediated pericyte-en-
dothelial cell crosstalk. Fluids Barriers CNS 2013;
10: 23-32.

GONZzALEZ-SCARANO F, MARTIN-GARcIA J. The neuro-
pathogenesis of AIDS. Nat Rev Immunol 2005; 5:
69-81.

Kaur M, OkamoTto S, GEnDELMAN HE, Lipton SA. HIV-
1 infection and AIDS: consequences for the cen-
tral nervous system. Cell Death Differ 2005; 12:
878-892.

RarpaPORT J, VoLsky DJ. Role of the macrophage in
HIV-associated neurocognitive disorders and oth-
er comorbidities in patients on effective antiretro-
viral treatment. J Neurovirol 2015; 21: 235-241.

EpeEn A, Marcotte TD, Heaton RK, NiLsson S, ZET-
TERBERG H, FuchHs D, FRANKLIN D, PricE RW, GRANT I,



HAND in post-HAART era

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

Letenpre SL, Gisstéen M. Increased Intrathecal Im-
mune Activation in Virally Suppressed HIV-1 In-
fected Patients with Neurocognitive Impairment.
PLoS One 2016; 11: e0157160.

WALLET MA, Robriguez CA, YIN L, SAPORTA S, CHIN-
RATANAPISIT S, Hou W/, SLeasmaN JW, Goopbenow MM.
Microbial translocation induces persistent mac-
rophage activation unrelated to HIV-1 levels or
T-cell activation following therapy. AIDS 2010; 24:
1281-1290.

ANCcUTA P, KAMAT A, KunstMAN KJ, Kim EY, AuTissie P,
WuUrceL A, ZAmMAN T, StoNe D, MEerForp M, MORGEL-
Lo S, SINGER EJ, WoLinsky SM, Gasuzpa D. Microbial
translocation is associated with increased mono-
cyte activation and dementia in AIDS patients.
PLoS One 2008; 3: e2516.

ALCAIDE ML, PARMIGIANI A, PALLIKKUTH S, RoAcH M,
FrRecuiA R, DEeLta NeGrRa M, Bouivar H, FiscHL MA,
PaHwa S. Immune activation in HIV-infected ag-
ing women on antiretrovirals—implications for
age-associated comorbidities: a cross-sectional
pilot study. PloS one. 2013; 8: e63804.

SERRANO-VILLAR S, GuUTIERREZ F, MIRALLES C, BERENGUER
J, Rivero A, MAarTiNEZ E, Moreno S. HIV as a chron-
ic disease: evaluation and management of non-
AIDS defining conditions. Open Forum Infec Dis
2016; ofw097.

BerreTtA M, Di Francia R, Di BeNepetto F, TiReLLI
U. New entities in the treatment of hepatocellu-
lar carcinoma: HIV-positive and elderly patients.
WCRJ 2015; 2: €558-E574.

VALCOUR V@G, SHikumAa CM, WATTERS MR, Sacktor NC.
Cognitive impairment in older HIV-1-seroposi-
tive individuals: prevalence and potential mecha-
nisms. AIDS 2004; 18: S79-S86.

WENDELKEN LA, VaLcour V. Impact of HIV and ag-
ing on neuropsychological function. J Neurovirol
2012; 18: 256-263.

SeupicH S. HIV and neurocognitive dysfunction.
Curr HIV/AIDS Rep 2013; 10: 235-43.

DesauiBet L, JacoBsoN LP, FRiED LP, PHAIR JP, JAMIE-
soN BD, HoLLowar M, Marcotick JB. HIV-1 infection
is associated with an earlier occurrence of a phe-
notype related to frailty. J Gerontol A Biol Sci Med
Sci 2007; 62: 1279-1286.

DesauiBet L, MarGoLick JB, FriED LP, PHAIR JP, JAMIE-
soN BD, Hotroway M, Jacosson LP. Relationship be-
tween a frailty-related phenotype and progressive
deterioration of the immune system in HIV-infect-
ed men. J Acquir Immune Defic Syndr 2009; 50:
299-306.

Piccott DA, MuzaALe AD, MEeHTA SH, BrowN TT, Pa-
TeL KV, Lena SX, Kirk GD. Frailty, HIV infection, and
mortality in an aging cohort of injection drug us-
ers. PLoS One 2013; 8: €54910.

Koo KW, Wit FW/, ScHOUTEN J, VAN DER VALK M, Gob-
FRIED MH, StoLTE IG, PriNs M, FALuTZ J, REIss P, AGEHIV
Conorrt Stupby Group. HIV infection is independent-
ly associated with frailty in middle-aged HIV type
1-infected individuals compared with similar but
uninfected controls. AIDS 2016; 30: 241-250.

60)

61)

62)

63)

64)

65)

66)

67)

68)

69)

70)

71)

72)

73)

74)

FrieD LP, TANGEN CM, WALsTON J, NEwMAN AB, HirscH
C, GOTTDIENER J, SEEMAN T, TRACY R, Kor WJ, Burke G,
McBuUrRNIE MA, FOR THE CARDIOVASCULAR HEALTH STUDY
CoLLABORATIVE ResearRcH GRrour. Frailty in older adults
evidence for a phenotype. J Gerontol A Biol Sci
Med Sci 2001; 56: M146-157.

UNberwooD J, RoeertsoN KR, Winston A. Could an-
tiretroviral neurotoxicity play a role in the patho-
genesis of cognitive impairment in treated HIV
disease? AIDS 2015; 29: 253-261.

CanigLIA EC, CAIN LE, JusTice A, TATE J, LOGAN R, SABIN
C, WiNsTON A, VAN SIGHEM A, Miro JM, Pobzamczer D,
Owson A. Antiretroviral penetration into the CNS
and incidence of AIDS-defining neurologic condi-
tions. Neurology 2014; 83: 134-141.

SoonNTorRNNIYOMKL  V, UMLAUF A, SOONTORNNIYOMKIJ
B, BeEN Gouaux, TorPerorF W, Moore DJ, MAsLiaH M,
GranT I, AcHim CL. Cerebral small vessel disease
and HAND in ARV-treated subjects. CROI 2014
(Abstract 35).

SAmuUELs D, KALLIANPUR AR, Guo Y, BrowN TT, MEHTA
SR, Erus R, LETENDRE SR, HuLGA T, For THE CHARTER
stupy Groupr. Mitochondrial DNA Copy Number and
Neurocognitive Impairment in HIV-Infected Per-
sons. CROI 2016 (Abstract 144).

SwanstrRom R. CNS as an HIV Reservoir. CROI
2016 (Abstract 62).

CHuURcHILL MJ, Deeks SG, MArGoLis DM, Siticiano RF,
Swanstrom R. HIV reservoirs: what, where and how
to target them. Nat Rev Microbiol 2016; 14: 55-60.

Crooks AM, BatesoN R, Cope AB, DaHL NP, GriGGs
MK, Kuruc JD, Gay CL, Eron JJ, MArGoLis DM, BoscH
RJ, ArcHin NM. Precise quantitation of the latent
HIV-1 reservoir: implications for eradication strat-
egies. J Infect Dis 2015; 212: 1361-1365.

SoriANO-SARABIA N, ARcHIN NM, BaTesoN R, DaHL NP,
Crooks AM, Kuruc JD, Garripo C, MarcoLis DM. Pe-
ripheral Vy9Vd2 T cells are a novel reservoir of la-
tent HIV Infection. PLoS Pathog 2015; 11: €1005201.

Li G, Anperson C, Masor EO, NarH A. HIV infection
in astrocytes via a CD4-independent, CXCR4-de-
pendent mechanism. CROI 2016 (Abstract 393).

Liu H, Xu E, Liu J, XionG H. Oligodendrocyte injury
and pathogenesis of HIV-1-associated neurocog-
nitive disorders. Brain Sci 2016; 6: 23-36.

ScHRIER RD, HoNG S, CresciNt M, ELuis R, PEREZ-SANTI-
AGO J, SPINA C, Letenpre S; HNRP Grour. Cerebro-
spinal fluid (CSF) CD8+ T-cells that express inter-
feron-gamma contribute to HIV associated neuro-
cognitive disorders (HAND). PLoS One 2015; 10:
e0116526.

JoserH SB, ARRILDT KT, STURDEVANT CB, SwANSTROM R.
HIV-1 target cells in the CNS. J Neurovirol 2015;
21: 276-289.

EVERING T, BERNARD LS, ABoLADE J, MoHRI H, MARKOW-
imz M. Relative frequency of drug resistance mu-
tations on individual HIV-1 genomes in HAND.
CROI 2016 (Abstract 406)

LAV, Zizi B, Vapini F, CAuia GM, BAGELLA P, Fiore V,
Peruzzu F, CARUANA G, BAaBuUDIERI S, MURA MS, MADED-

2299



G. Caruana, G. Vidili, P.A. Serra, P. Bagella, A. Spanu, V. Fiore, et al.

75)

76)

77)

78)

79)

80)

81)

82)

83)

84)

85)

86)

pu G. FIB-4 values and neurocognitive function
in HIV-infected patients without hepatic coinfec-
tions. Infect Dis Trop Med 2016; 2: €293-e295.

Marsuba H. Role of neuroimaging in Alzheim-
er’s disease, with emphasis on brain perfusion
SPECT. J Nucl Med 2007; 48: 1289-1300.

Devous MD. Functional brain imaging in the de-
mentias: role in early detection, differential diag-
nosis, and longitudinal studies. Eur J Nucl Med
Mol Imaging 2002; 29: 1685-1696.

PatumBo B, Buresta T, Nuvoll S, SPANU A, ScHILLACI
O, FravoLiNl ML, Paumso I. SPECT and PET serve
as molecular imaging techniques and in vivo bio-
markers for brain metastases Int J Mol Sci 2014;
15: 9878-9893.

Hinkin CH, vaN Gore WG, MANDELKERN MA, GEE M,
SATz P, HoLstoN S, MArcotTE TD, Evans G, Paz DH,
RorcHAN JR. Cerebral metabolic change in patients
with AIDS: report of a six-month follow-up using
positron-emission tomography. J Neuropsychia-
try Clin Neurosci 1995; 7: 180-187.

VonN GieseN HJ, ANTKE C, HErFTER H, WENSERskI F, SEimz RJ,
ArenpT G. Potential time course of human immuno-
deficiency virus type 1-associated minor motor defi-
cits: electrophysiologic and positron emission tomog-
raphy findings. Arch Neurol 2000; 57: 1601-1607.

RotTENBERG DA, SipTis JJ, STROTHER SC, ScHAPER KA,
ANDERSON JR, NELson MJ, Price RW. Abnormal cer-
ebral glucose metabolism in HIV-1 seropositive
subjects with and without dementia. J Nucl Med
1996; 37: 1133-1141.

PascaL S, ResNick L, BARKER WW/, LOEWENSTEIN D, YosHii
F, CHANG JY, BootHE T, SHELDON J, DUARA R. Metabol-
ic asymmetries in asymptomatic HIV-1 seropos-
itive subjects: relationship to disease onset and
MRI findings. J Nucl Med 1991; 32: 1725-1729.

TowGoob KJ, PITKANEN M, KULASEGARAM R, FRADERA A,
Soni S, SiBTAIN N, Reep LJ, BrapBeer C, BARker GJ,
Dunn JT, ZeLava F, Koreman MD. Regional cerebral
blood flow and FDG uptake in asymptomatic HIV-
1 men. Hum Brain Mapp 2013; 34: 2484-2493.

Hammoup DA, ENDres CJ, CHANDER AR, GUILARTE TR,
WonG DF, Sacktor NC, McARTHUR JC, PompPerR MG. Im-
aging glial cell activation with [11C]-R-PK11195 in
patients with AIDS. J Neurovirol 2005; 11: 346-355.

WiLey CA, Lorresti BJ, Becker JT, BoapA F, Lorez OL,
MeLLors J, MEewtzer CC, WisNIEwskl SR, MaTHis CA.
Positron emission tomography imaging of periph-
eral benzodiazepine receptor binding in human
immunodeficiency virus-infected subjects with
and without cognitive impairment. J Neurovirol
2006; 12: 262-271.

SivermaN DH. Brain 18F-FDG PET in the diagno-
sis of neurodegenerative dementias: comparison
with perfusion SPECT and with clinical evalua-
tions lacking nuclear imaging. J Nucl Med 2004;
45: 594-607.

TaLBoT PR, Lroyp JJ, SNowpeN JS, NEARY D, Testa HJ.
A clinical role for 99mTc-HMPAO SPECT in the in-
vestigation of dementia? J Neurol Neurosurg Psy-
chiatry 1998; 64: 306-313.

2300

87)

88)

89)

90)

91)

92)

93)

94)

95)

96)

97)

Deresvre LJ, Lebuc V, DuHAMEL A, LECOUFFE P, Pas-
QUIER F, LAmy-LHuLLIER C, STEINLING M, DESTEE A.
Technetium HMPAO SPECT study in dementia
with Lewy bodies, Alzheimer’s disease and idio-
pathic Parkinson’s disease. J Nucl Med 1999; 40:
956-962.

Pasauier J, MicHEL BF, BReNOT-RossI |, HASSAN-SEBBAG
N, Sauvan R, Gastaur JL. Value of (99m)Tc-ECD
SPET for the diagnosis of dementia with Lewy
bodies. Eur J Nucl Med Mol Imaging 2002; 29:
1342-1348.

PaLumBo B, FravoLint ML, Nuvou S, Spanu A, PAauLus
KS, ScHittac O, Mapebbu G. Comparison of two
neural network classifiers in the differential diag-
nosis of essential tremor and Parkinson’s disease
by (123)I-FP-CIT brain SPECT. Eur J Nucl Med
Mol Imaging 2010; 37: 2146-2153.

KoursiLieri E, TErR-MeuLeN V, Rieperer P. Neurotrans-
mission in HIV associated dementia: a short re-
view. J Neural Transm 2001; 108: 767-775.

ScHeLLter C, ARenpT G, Notting T, ANTKE C, SOPPER S,
MascHke M, OBERMANN M, ANGERER A, HussTeDpT W/,
MeisNer F, NEuen-Jacos E, MULLER HW, CARey P, TER
MEeuLeN V, Rieperer P, Koursitierl E. Increased do-
paminergic neurotransmission in therapy-naive
asymptomatic HIV patients is not associated with
adaptive changes at the dopaminergic synapses.
J Neural Transm 2010; 117: 699-705.

ANDERSON AM, LENNOX JL, MuLLiGAN MM, LoriNG DW/,
ZeTTERBERG H, BLENNOW K, KEssiING C, KONERU R, EASLEY
K, Tror WR. Cerebrospinal fluid interferon alpha
levels correlate with neurocognitive impairment in
ambulatory HIV-Infected individuals. J Neurovirol
2016: 1-7.

Lyons JL, UNno H, ANcuTta P, KAMAT A, Moore DJ, SING-
ErR EJ, MoraGeLLo S, Gasuzpa D. Plasma sCD14 is
a biomarker associated with impaired neurocog-
nitive test performance in attention and learning
domains in HIV infection. J Acquir Immune Defic
Syndr 2011; 57: 371-379.

Burpo TH, WEIFFENBACH A, Woobs SP, LETENDRE S, Ei-
us RJ, Wiiams KC. Elevated sCD163 in plasma but
not cerebrospinal fluid is a marker of neurocogni-
tive impairment in HIV infection. AIDS 2013; 27:
10-25.

NatH A, Seiner J. Synaptodendritic injury with HIV-
Tat protein: what is the therapeutic target? Exp
Neurol 2014; 251: 112-114.

Fieos JA, Dumaor W, Crews L, ADAME A, SPENCER B,
MEeTtcAaLr J, He J, RockensTein E, MasLiaH E. Mecha-
nisms of HIV-1 Tat neurotoxicity via CDKS5 translo-
cation and hyper-activation: role in HIV-associat-
ed neurocognitive disorders. Curr HIV Res 2015;
13: 43-54.

Dampier W, ANTELL GC, AIAMKITSUMRIT B, NONNEMACH-
ER MR, JacoBsoN JM, PIRRONE V, ZHONG W, KERCHER
K, Passic S, WiLuiams JW, James T, Devin KN, Gio-
VANNETTI T, LiBoN DJ, Szer Z, EHrLIcH GD, WIGDAHL
B, Kress FC. Specific amino acids in HIV-1 Vpr
are significantly associated with differences in
patient neurocognitive status. J Neurovirol 2017;
23: 113-124.



HAND in post-HAART era

98)

99)

100)

101)

102)

103)

104)

CATANI MV, CorasaNITI MT, NAVARRA M, NisTico G, Fi-
NAzzI-AGrRO A, MELINO G. gp120 induces cell death
in human neuroblastoma cells through the CX-
CR4 and CCR5 chemokine receptors. J Neuro-
chem 2000; 74: 2373-2379.

KauL M, Lirton SA. The NMDA receptor--Its role in
neuronal apoptosis and HIV-associated demen-
tia. NeuroAIDS 2000; 3: 1.

Li W, TonG HI, GoraNTLA S, PoLuekTtovA LY, GENDEL-
maN HE, Lu Y. Neuropharmacologic approaches
to restore the brain’s microenvironment. J Neu-
roimmune Pharmacol 2016; 11: 484-494.

Fieps JA, Overk C, AbAaME A, FLorio J, MANTE M,
PINEDA A, DESPLATS P, ROCKENSTEIN E, AcHim C, MAsLI-
AH E. Neuroprotective effects of the immunomod-
ulatory drug FK506 in a model of HIV1-gp120
neurotoxicity. J Neuroinflam 2016; 13: 120-132.

SErRRA PA, ScioLa L, Derocu MR, Spano A, MoNa-
co G, MieLe E, RoccHITTA G, MiELE M, MIGHELI R,
Desote MS. The neurotoxin 1-methyl-4-phe-
nyl-1,2,3,6-tetrahydropyridine induces apopto-
sis in mouse nigrostriatal glia. Relevance to ni-
gral neuronal death and striatal neurochemi-
cal changes. J Biol Chem 2002; 277: 34451-
34461.

BAazzu G, RoccHITTA G, MiGHELI R, ALvAau MD, ZINELLU
M, Pucaiont G, CAuA G, MEercanTi G, GiusTi P, Des-
oLe MS, Serra PA. Effects of the neurotoxin MPTP
and pargyline protection on extracellular energy
metabolites and dopamine levels in the striatum
of freely moving rats. Brain Res 2013; 1538: 159-
171.

SERRA PA, PLUCHINO S, MARCHETTI B, DesoLe MS, MIELE
E. The MPTP mouse model: cues on DA release

105)

106)

107)

108)

109)

110)

111)

and neural stem cell restorative role. Parkinson-
ism Relat Disord 2008; 14: S189-S193.

ACHEAMPONG EA, PARVEEN Z, MUTHOGA LW/, KALAYEH
M, MukHTAR M, PomeraNTZ RJ. Human Immunode-
ficiency Virus type 1 Nef potently induces apop-
tosis in primary human brain microvascular en-
dothelial cells via the activation of caspases. J
Virol 2005; 79: 4257-4269.

OuVeTTA E, PErcArIO Z, Fioruccl G, MATTIA G, ScHIA-
voNiI |, Dennis C, JAGER J, HARRIs M, RomeEo G, AFFAB-
ris E, Feberico M. HIV-1 Nef induces the release
of inflammatory factors from human monocyte/
macrophages: involvement of Nef endocytotic
signals and NF-kappa B activation. J Immunol
2003; 170: 1716-1727.

Dracic T, LirwiN V, ALLAWAY GP, MARTIN SR, HUANG
Y, NacasHima KA, Cavanan C, MabboN PJ, Koup
RA, Moore JP, Paxton WA. HIV-1 entry into CD4+
cells is mediated by the chemokine receptor CC-
CKR-5. Nature 1996; 381: 667-673.

BLonDeEL GM, BRrassat D, BAUErR J, LAssMANN H, Li-
BLau RS. CCR5 blockade for neuroinflammatory
diseases--beyond control of HIV. Nat Rev Neurol
2016; 12: 95-105.

SpubicH SS, Ances BM. CROI 2016: neurologic
complications of HIV infection. Top Antivir Med
2016; 24: 29-37.

IANNAZZO D, PisToNE A, Romeo R, Giorre SV. Nano-
technology approaches for antiretroviral drugs
delivery. J AIDS HIV Infect 2015; 1: 201-213.
SAGAR V, ATLURI VS, PiLAKKA-KANTHIKEEL S, NAIR M.
Magnetic nanotherapeutics for dysregulated
synaptic plasticity during neuroAIDS and drug
abuse. Molecular Brain 2016; 9: 1-10.

2301



