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Role of nuclear medicine in neuroHIV — PET, SPECT and beyond
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The problem of neuroHIV

In 2011, an estimated 34.2 million adults and children were living with human
immunodeficiency virus (HIV)/acquired immune deficiency syndrome (AIDS) world-wide
[1]. HIV associated neurocognitive disorders (HAND), formerly AIDS dementia complex
(ADC), remain among the most common clinical disorders encountered in people infected
with HIV despite widespread use of antiretroviral therapy. HAND encompasses a hierarchy
of progressively more severe patterns of central nervous system (CNS) involvement, ranging
from asymptomatic neurocognitive impairment (ANI), to minor neurocognitive disorder
(MND), to the most severe HIV-associated dementia (HAD) [2].

HAART and neuroHIV

Since the introduction of highly active anti-retroviral therapy (HAART) in 1996, many
HAART-treated patients have shown durable and complete suppression of HIV replication.
The incidence of moderate or severe dementia fell from about 7% in 1989 to only 1% in
2000, and the severity of neurologic disease appears to have been attenuated [3]. Despite
this remarkable effect on incidence rates, the prevalence of HAND continues at very high
rates. For example, in one cohort (CHARTER), 53% of the total sample had neurocognitive
impairment, with increasing rates in those with more comorbid illnesses [4]. Prevalence
estimates were 33% for ANI, 12% for MND, and 2% for HAD. In fact, the recent review on
the subject calls HIV-associated neurocognitive disorders “a hidden epidemic” [5]. The
persistence of this high risk for HAND in individuals experiencing effective control of
systemic HIV viral load is incompletely explained, and suggested factors include effects of
aging on brain vulnerability, persistence of HIV replication in brain macrophages, evolution
of highly neurovirulent CNS HIV strains, and even long-term CNS toxicity of ART [4,6].
Thus, there is an enormous need for further evaluation and early diagnosis of HAND.
Although the primary imaging methods to enhance diagnosis of neurological complications
associated with HIV-infection are MRI and CT, functional imaging may prove to be of
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greater value because HAND causes functional abnormalities before structural atrophy,
ventricular dilatation or focal CNS lesions are visible [7].

HAND is a subcortical dementia that is characterized by disturbances in cognition, motor
performance, and behavior. Diagnosis of early HAND is important as many of its symptoms
can be caused by other conditions common to people with HIVV/AIDS, many of which may
be treatable [8]. It is important to emphasize that presently there is no diagnostic marker or
combination of markers for HAND. The diagnosis is made in HIV-positive patients with
cognitive impairment after ruling out confounding conditions (CNS opportunistic infections,
neurosyphilis, substance abuse, delirium, toxic-metabolic disorders, psychiatric disease, age-
related dementias). An essential feature in the diagnosis of HAND is the presence of well-
documented cognitive decline and the exclusion of other neurological complications of HIV
infection, such as cerebral toxoplasmaosis, cryptococcal meningitis, lymphoma, and
progressive multifocal leukoencephalopathy [9]. Cerebrospinal fluid (CSF) examination and
imaging studies of the brain are mandatory. CSF analysis should exclude infectious agents
other than HIV.

A number of studies have reported on FDG PET brain findings in demented AIDS patients
as well as in asymptomatic HIV-infected subjects [8-21]. In an early imaging study using
FDG PET in 12 patients with dementia, Rottenberg et al. found relative increase of FDG
uptake in the subcortical region in 9 patients in the early stage of AIDS related dementia
[19], however, the disease progression was characterized by gradually reducing glucose
uptake in cortical and subcortical gray matter. In a follow-up study by the same group, 21
HIV-infected subjects (11 with AIDS) were examined. Twelve had follow-up scans at 6
months and 4 had a third scan at 12 months. Principal component analysis of the combined
(HIV-infected and controls) PET data revealed two major disease-related metabolic
components: a non-specific indicator of cerebral dysfunction, which was significantly
correlated with age, cerebral atrophy and HAND stage; and the striatum, which was
hypermetabolic and appeared to provide a disease-specific measure of early CNS
involvement [22]. Similar findings were reported by Van Gorp et al. who described regional
hypermetabolism in the basal ganglia and the thalamus in 17 subjects with AIDS when
compared to 14 seronegative controls [23]. The authors also found a significant relationship
between temporal lobe metabolism and the severity of dementia. Hinkin et al. showed that
as HIV-associated brain infection progressed, relative basal ganglia metabolism increased as
well as metabolism in the parietal lobe [17]. Pascal et al. found in 10 out of 15 asymptomatic
HIV-positive patients, significant asymmetries in FDG uptake which were most prominent
in the frontal regions, while MR showed no abnormalities [24]. Finally, during a motor task,
von Giesen et al. found frontomesial hypometabolism in 9 of 19 non-demented HIV-infected
subjects. The authors indicated that frontomesial hypometabolism was associated with
deteriorating motor performance [21]. In another FDG study it was shown that optimally
treated HIV patients exhibit metabolic abnormalities of cerebral glucose metabolism, which
may represent imminent neuronal damage. This study may confirm the notion that
neuroinflammation continues to be associated with HIV CNS infection in ART-experienced
individuals [25]. Furthermore, the primary sites of neuroinflammation are different; the
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characteristic involvement of the basal ganglia in pre-ART specimens as demonstrated by
earlier studies is less commonly seen in post-ART specimens, which display inflammation
in the hippocampus and in adjacent parts of the entorhinal and temporal cortices [26]. In
spite of those interesting insights into the connection between HAND and glucose
metabolism in the brain — FDG cannot be recommended for the diagnosis of HAND in HIV
patients.

PET with 11C-labeled radiotracers

Pittsburgh compound B (PiB) is an analog of thioflavin T which when radiolabeled

with 11C, can be used in PET scans to image beta-amyloid plaques in neuronal tissue [27].
Pathologic similarities exist between HAND and neurodegenerative disorders such as
Alzheimer disease (AD), which is characterized by the presence of extracellular deposits of
amyloid-f protein 1-42 (Ap42) in the form of plaques and aggregations of microtubule-
associated, tau-forming, neurofibrillary tangles. Typically, diffuse [28, 29] rather than
neuritic [30] plagues have been observed in HIV-positive individuals at autopsy compared
with age-matched community participants. Observed pathologic changes within HIV-
positive participants have been seen despite virologic control by HAART [31]. HAART may
not provide sufficient protection to prevent the development of HAND [32]. Furthermore
some HAART, particularly nucleoside reverse transcriptase inhibitors (NRTIs) are highly
neurotoxic and may contribute to persistent high prevalence of HAND [33]. Multiple
pathways could be responsible for increases in AB42 deposition in the setting of HIV.
Transactivator of transcription (TAT) is an HIV protein that can inhibit the activity of
neprilysin, a metalloendoprotease involved in the degradation of Ap42 [28]. TAT can bind
to lipoprotein receptor—related protein, leading to a decrease in AB42 clearance from the
brain. TAT also attaches to the receptor for the advanced glycation end products, which may
result in increased AB42 absorption from the blood [34]. Infected macrophages and
microglia can also shed viral proteins, resulting in an upregulation of amyloido-genesis-
promoting cytokines (ie, tumor necrosis factor and interleukin factor 1) [35]. These
cytokines not only directly contribute to neurodegeneration but also promote an increase in
AP42 generation by stimulating expression of the 3 site amyloid precursor protein cleaving
enzyme 1 [36]. HAND and AD may therefore share similar molecular mechanisms that lead
to neurodegeneration [37]. What is still unclear is whether fibrillar cerebral amyloid plaques
can be visualized in participants with HAND.

To answer this question, Ances et al. evaluated the 11C-PiB localization in cognitively
unimpaired HIV+ (n = 10) participants and matched community controls without dementia
(n = 20) [38]. They observed that regardless of CSF Ap42 level, none of the HIV+
participants had fibrillar amyloid plaques as assessed by increased 11C-PiB mean cortical
binding potential (MCBP) or binding potential within 4 cortical regions. In contrast, some
community controls with low CSF Ap42 (<500 pg/mL) had high 11C-PiB MCBP with
elevated binding potentials (>0.18 arbitrary units) within cortical regions. The authors
concluded that cognitively unimpaired HIV+ participants, even with low CSF Ap42 (<500
pg/mL), do not have 11C-PiB parameters suggesting brain fibrillar amyloid deposition. This
was a disappointing finding. The dissimilarity between unimpaired HI\VV+ and preclinical
AD may reflect differences in AB42 production and/or formation of diffuse plaques. In the
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follow-up study the same group put forward an objective of evaluating whether 11C-PiB
could differentiate AD from HAND in middle-aged HIV positive participants [39]. Sixteen
HIV-positive (11 cognitively normal and 5 with HAND) and 19 HIV-negative (8 cognitively
normal and 11 with symptomatic AD) participants took part in the study. Interestingly,
regardless of degree of impairment, HIV-positive participants did not have increased 11C-
PiB levels, whereas symptomatic AD individuals have increased fibrillar AB42 deposition in
cortical and subcortical regions. Observed dissimilarities between HAND and AD may
reflect differences in AB42 metabolism.

PK-11195 is an isoquinoline carboxamide which binds selectively to the peripheral benzo-
diazepine receptor (PBR). [11C]-R-PK11195 has been used in PET to visualize brain
inflammation in patients with neuronal damage. Increases in [}1C]-R-PK11195 binding have
been reported in patients with stroke, traumatic brain injury and in patients with chronic
neurodegenerative conditions including Huntington’s disease and Parkinson’s disease [40,
41]. Glial cell activation occurs in response to brain injury and is present in a wide variety of
inflammatory processes including HAND. HIV-infected glial cells release cytokines and
chemokines that, along with viral neurotoxins, contribute to neuronal damage and apoptosis.
Hammoud et al. undertook a small study with a purpose to determine if glial cell activation
in HIV+ patients could be detected noninvasively, in vivo, using [*1C]-R-PK11195 PET
[42]. A sub-aim was to determine if non-demented HIV+ patients could be distinguished
from those with HAD on the basis of [11C]-R-PK 11195 binding. Five healthy volunteers and
10 HIV+ patients underwent PET with [11C]-R-PK11195. Compared to controls, HIV+
patients as a group (nondemented and HAD) showed significantly higher [11C]-R-PK11195
binding in the thalamus, putamen, cerebellum, frontal cortex, and occipital cortex (P < .05).
However, again as with 11C-PiB studies - HIV non-demented patients were not different
from those with HAD on the basis of [11C]-R-PK11195 binding. In another application of
[11C]-R-PK11195 PET, Garvey and colleagues set to investigate the effect of acute co-
infection with hepatitis C virus (HCV) upon cerebral function and microglial cell activation
in HIV-infected individuals [43]. A case-control study was conducted. Twenty-four subjects
with HCV and chronic HIV coinfection (aHCV) were compared to matched controls with
chronic HIV monoinfection (HIVVmono). Surprisingly, in spite of poorer cognitive
performance and disturbance of cerebral metabolites in subjects co-infected with HCV and
HIV as compared to subjects with HIVmono - higher [}1C]-R-PK11195 was not observed in
the co-infected subjects.

Technetium 99m-hexamethylpropylene amine oxime (**™Tc-HMPAO) is the most common
radiotracer used for SPECT brain imaging (including stroke, dementia, epilepsy, trauma) it
is a lipophilic radiotracer that crosses the blood brain barrier (BBB)). In a comprehensive
study conducted by Samuelsson et al. 28 patients with early stage HIV infection were
subjected to yearly neurologic and neurophysiologic evaluations [44]. Every other year,
SPECT with 9MTc-HMPAO and brain MRI were performed. None of the patients were on
HAART. The SPECT results showed some deterioration through the years when considering
the patient group as a whole. No specific individual decline could be seen, nor any
correlation with the clinical performance. There was no correlation between patchy pattern
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(i.e. general irregular blood flow pattern) in SPECT and cortical atrophy at MRI of the brain.
There were no other pathological findings at MRI corresponding to irregular blood flow in
SPECT. Some minor deteriorations were noted in the SPECT but there was no
corresponding clinical dysfunction. In the disappointing outcome of the study, the
researchers concluded that SPECT cannot be used as a predictor for developing HIV-
associated cognitive disorder.

123|_1abeled ligand N-delta-(fluoropropyl)-2-beta-carbomethoxy-3beta-(4-
iodophenyl)tropene (1231-FP-CIT) and 123|-iodobenzamide (1231-1BZM) are being used for
measuring dopamine transporters (DAT) and dopamine 2 (DA2) receptors, respectively,
availability by SPECT. An increasing body of clinical and experimental evidence suggests a
central dysfunction of the dopaminergic (DA) pathways in HIV infection [45, 46]. Post-
mortem analysis showed decreased DA concentrations in the brains of humans infected with
HIV, as well as in monkeys infected with simian immunodeficiency virus (SIV) [47, 48].
Decreased DA concentrations have also been found in cerebrospinal fluid (CSF) of patients
with HIV dementia [49]. Parkinsonian symptoms have been reported in late stages of
infection [50]. In their prospective study, Scheller and colleagues evaluated 24 HIV-positive
patients diagnosed with clinical stage 1 and 24 uninfected subjects with 123|-FP-CIT

and 1231-IBZM SPECT and a variety of biochemical analyses [51]. They found that DA
levels were increased and DA turnover was decreased in the CSF of therapy-naive HIV
patients in asymptomatic infection. Simultaneously, DA increase does not modulate the
availability of DA transporters and D2-receptors in comparison with uninfected controls.
The authors suggested that increases in synaptic DA in asymptomatic HIV infection may be
an early finding in what eventually becomes a more dysfunctional DA system in advanced
stages of HIV infection. This provides a possible explanation for the synergy between DA
medication, or drugs of abuse, and the acceleration of HIV disease progression.

Future directions

The variety of PET agents such as FDG, 11C-PiB and [*1C]-R-PK11195 as well as SPECT
agents 99MTc-HMPAO, 123]-FP-CIT and 1231-IBZM have been investigated for the
diagnosis of HAND, for distinguishing between demented and non-demented HIV patients,
for differentiation between HAND and non-HIV related dementia, as well as for assessing
the influence of co-infection with the other viral pathogens on the brain functionality. None
of these tracers were specific for HIV disease. In spite of glimpses into the emergence of
HAND, the overall results were very disappointing. The existing tracers cannot distinguish
between the HIV patients with and without HAND or detect the increased glial activation in
subjects with HCV and HIV co-infection. Clearly, there is a need for specialized tracers for
better diagnosis and management of HAND if nuclear medicine is to play a role in solving
the problem of the HAND “epidemic”. In this regard, one example of the emerging tracer
could be %8Ga- NOTA-UBI29-41 which is an efficient and sensitive tracer for imaging of
infection with no uptake in the normal brain [52]. It remains to be seen if this tracer could be
useful in the diagnosis of HAND.

Another possible and no less important application of nuclear medicine methodologies to
neuroHIV is actually eliminating the HIV infected cells in the CNS which are causing
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HAND. This approach will help to address evolving factors in HAND pathogenesis, which
may include persistent inflammation associated with HIV replication. Our laboratories have
been developing radioimmunotherapy targeting viral gp41 antigen on the infected cells as a
backbone for HIV cure strategy [53, 54]. Recently we also demonstrated that the same
radiolabeled antibody to gp41 was capable of penetrating the in vitro human BBB and
specifically killing HIV infected PBMCs and monocytes behind the barrier [55]. Such
penetration through the BBB might help to visualize the infected cells in the CNS. We are
now working towards moving this promising strategy into clinical trials in HIV patients.
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