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The pathology associated with late-stage dementia in human immunodefi-
ciency virus (HIV) infection has been studied extensively. Neuropatholog-
ical examination has demonstrated abundant activation and infection of
macrophages/microglia termed HIV encephalitis. For obvious reasons, less is
known regarding the neuropathology of minor cognitive impairment seen in
earlier stages of HIV infection. The authors examined the utility of the periph-
eral benzodiazepine receptor ligand PK11195 in positron emission tomogra-
phy (PET) imaging to assess microglial/macrophage activation in the brains
of HIV-infected subjects with minor neurocognitive impairment in a cross-
sectional study of 12 HIV infected individuals and 5 age-matched noninfected
controls. Subjects were given a battery of neuropsychological tests in addition
to assessing CD4 T-cell count and peripheral viremia followed by contrast en-
hanced magnetic resonance imaging (MRI) and PET with ['*O]H,O followed by
['1CI(R)-PK11195. Two of the six neurocognitively impaired HIV-infected sub-
jects demonstrated plasma viral breakthrough, whereas only one of six nonim-
paired individuals demonstrated plasma viral load near the limits of detection.
MRI demonstrated no abnormal enhancement and although atrophy was more
prominent in impaired subjects, it was also present though to a lesser extent
in nonimpaired subjects. None of the 12 HIV-infected subjects demonstrated
increased retention of [11C](R)-PK11195 in the brain parenchyma compared to
the 5 controls. These results suggest that either [1'C](R)-PK11195 PET assess-
ment is insensitive to the degree of macrophage activation in HIV-associated
minor neurocognitive impairment or macrophage activation is not the patho-
logical substrate of this neurological condition. Journal of NeuroVirology (2006)
12, 262-271.
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Introduction

Human immunodeficiency virus (HIV)-infected in-
dividuals develop a spectrum of neurological im-
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pairments ranging from minor motor and cogni-
tive abnormalities to frank dementia (Dal Pan and
McArthur, 1996; Grant et al, 1995; McArthur et al,
2003). The etiologies and relationships among these
different cognitive abnormalities are unknown. Au-
topsy studies have demonstrated that the pathologi-
cal substrate of dementia in immunosuppressed ac-
quired immunodeficiency syndrome (AIDS) patients
without opportunistic brain infections is HIV en-
cephalitis (Achim et al, 1994; Budka, 1991; Glass
et al, 1995). Histopathological hallmarks of HIV en-
cephalitis include abundant brain tissue infiltration



by macrophages, multinucleated giant cells, mi-
croglial nodules, and perivascular chronic inflam-
matory cells (Budka, 1991). Because HIV does not
infect neuroglia to a significant degree, how HIV en-
cephalitis leads to dementia is an enigma. Current hy-
potheses implicate viral proteins and toxins derived
from both HIV-infected and activated macrophages
that cause synaptic damage leading to cognitive dys-
function (Wiley et al, 1991; Masliah, 1992). Because
minor cognitive abnormalities appear earlier in the
disease process, prior to the development of termi-
nal immunosuppression, our understanding of their
pathological substrate is less clear and relies upon in
vivo assessments such as brain imaging.

Several imaging modalities have been used to as-
sess central nervous system (CNS) changes associ-
ated with lentiviral infection (Avison et al, 2002;
Paul et al, 2002; Post et al, 1988). Although x-ray
computed tomography has been considered rela-
tively insensitive, magnetic resonance imaging (MRI)
has demonstrated a spectrum of lesions, including
white matter abnormalities and brain atrophy, in de-
mented HIV-infected subjects (Aylward et al, 1993;
McArthur et al, 1990; Post et al, 1992; Raininko et al,
1992; Sonnerborg et al, 1990; Wenserski et al, 2003).
Functional imaging studies using positron emission
tomography (PET) with the fluorine-18-labeled glu-
cose analog [*8F]2-fluoro-2-deoxyglucose ([*®F]FDG),
single-photon emission computed tomography, mag-
netic resonance spectroscopy, and functional MRI
have offered tantalizing insights into lentiviral infec-
tion, but no definitive relationship between abnor-
malities and onset of neurological disease has been
observed (Chang et al, 1999; Ernst et al, 2003; Pas-
cal et al, 1991; Rosci et al, 1992). If HIV-associated
CNS damage could be evaluated during life, it would
help define the time course of disease and help de-
fine efficacy of therapy before development of fixed
neurological deficits. Because activated and infected
macrophages are the sine qua non of HIV encephali-
tis (Budka, 1991; Kaul et al, 2001), it may be pos-
sible to monitor the progression of HIV encephali-
tis if it were possible to monitor the presence of
macrophages in vivo.

Recently radiolabeled ligands have been synthe-
sized that selectively bind to the peripheral benzo-
diazepine receptor (PBR), which is abundantly
expressed on activated brain macrophages (Banati,
2002; Cagnin et al, 2002). The isoquinoline carbox-
amide derivative PK11195 [1-(2-chlorophenyl)-N-
methyl-N-(1-methylpropyl)-3-isoquinolinecarboxa-
mide] is a specific ligand for PBR. Because PBR is
expressed only at low levels in the normal brain,
several in vitro and in vivo studies have examined
whether [11C]PK11195 can be used to radiolabel
activated macrophages in the diseased CNS. Au-
toradiographic studies have demonstrated increased
binding of [*H|JPK11195 to macrophages in a wide
variety of neurological diseases such as multiple
sclerosis and experimental autoimmune encephali-
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tis (Banati et al, 2000; Vowinckel et al, 1997),
stroke (Stephenson et al, 1995), and brain trauma
(Raghavendra Rao et al, 2000). Several studies have
utilized PET with ['1C]PK11195 to detect activated
macrophages in the CNS of patients with multiple
sclerosis (Banati et al, 2000; Vowinckel et al, 1997;
Debruyne et al, 2003), Rasmussen’s encephalitis (Ba-
nati et al, 1999), herpes encephlalitis (Cagnin et al,
2001b), Alzheimer’s disease (Cagnin et al, 2001a),
multiple system atrophy (Gerhard et al, 2003), and
most recently early Parkinson’s disease (Ouchi et al,
2005). We have recently used [''C](R)-PK11195
PET in studies of the simian CD8 T-cell depletion
model of HIV encephalitis and observed correlations
between in vivo specific binding of [*'C](R)-PK11195
and necropsy evidence of lentiviral encephalitis
(Venneti et al, 2004). During the preparation of
this paper, Hammoud et al (2005) reported [*'C]
(R)-PK11195 PET in 5 healthy subjects and 10
HIV-infected subjects. They found differences in
[*1C](R)-PK11195 binding between infected and
noninfected subjects but not between demented and
nondemented subjects.

To examine the hypothesis that minor neurocog-
nitive changes are an early stage in HIV encephali-
tis and the result of microglial activation, we used
gadolinium-enhanced MRI and [''C](R)-PK11195
PET to study 12 chronic HIV-infected subjects, 6 with
and 6 without neurocognitive impairment and 5 non-
HIV-infected controls. MRI demonstrated no abnor-
mal enhancement and although atrophy was more
severe in the impaired subjects, it was also present
in the nonimpaired subjects. None of the 12 sub-
jects demonstrated increased retention of [*'C](R)-
PK11195 in the brain parenchyma. These findings
suggest that minor neurocognitive impairment oc-
curring during HIV infection is not the result of mi-
croglial activation at a level detectable by [*'C](R)-
PK11195 PET and thus potentially not a precursor of
HIV dementia.

Results

Subjects

A total of 18 subjects were enrolled in the study;
however, 1 subject had to be excluded from analy-
sis because of movement during PET scanning (see
Table 1). All 12 HIV-infected subjects were taking a
variety of antiretroviral drugs. HIV RNA was not de-
tectable in the plasma of 9 infected subjects, whereas
the other 3 infected subjects showed varying de-
grees of breakthrough viremia (Table 1). There was
no clear relationship between plasma viral load and
CD4 T-cell count.

A summary of the neuropsychological test results
are shown in Table 2. Briefly, they show that although
the impaired subjects have equivalent premorbid IQs
compared to the unimpaired subjects, they neverthe-
less showed distinct areas of impaired function. Per-
formance on the Digit Symbol Substitution Task, an
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index of psychomotor speed, visual scanning, and
incidental learning, was impaired, even after express-
ing the raw score as an age-adjusted scaled score.
Access to educationally based world knowledge and
word definitions was poorer (albeit not significantly)
in the impaired subjects, as was their ability to per-
form Block Design constructions. However, it was
in the memory tests that the impaired subjects per-
formed most poorly. They demonstrated lower de-
layed recall scores for both verbal and nonverbal ma-
terial, and were able to recall fewer words during
verbal learning. Verbal fluency was unaffected in the
two patient groups. Psychomotor speed (Trailmaking
A, Grooved Pegboard) was abnormally slow in the
impaired patients. Psychomotor speed, as assessed
by the Trailmaking Test, was slower in the impaired
subjects, although fine motor coordination (Grooved
Pegboard) was unaffected.

MR Imaging

MR images of the 12 HIV-infected subjects demon-
strated no difference in structural abnormali-
ties or abnormal enhancement (Table 1). Although
subjective atrophy was more severe in the impaired
subjects, it did not consistently distinguish between
impaired and nonimpaired subjects. Because no
abnormal enhancement of postcontrast scans was
found, no further analysis of the dynamic contrast
enhanced data sets (EPI) was performed. The studies
were further assessed for neuroimaging findings de-
scribed as consistent with direct HIV effects or HIV
encephalopathy, including cerebral volume loss and
white matter hyperintensities (Broderick et al, 1993;
Grassi et al, 1997; Lexa, 1994; Olsen et al, 1988; Post

Table 1 Subject age, CD4 T-cell count, viral load, and MRI findings

et al, 1988). The pattern of volume loss is typically
characterized by ventricular enlargement that is out
of proportion to sulcal enlargement, accompanied by
symmetric central white matter abnormalities. There
is conflicting evidence as to whether these findings
are related to the degree of cognitive impairment (Di
Sclafani et al, 1997; Harrison et al, 1998; Patel et al,
2002). MRI abnormalities were more common in the
impaired subjects, but one of six impaired subjects
did not show any abnormalities whereas one of six
nonimpaired subjects showed abnormalities, in each
of the categories.

PET Imaging

Following the injection of ["'C](R)-PK11195, brain
radioactivity time activity curves demonstrated sig-
nificant brain uptake and rapid clearance from all
brain areas. It was expected that specific binding of
[*'C](R)-PK11195 would be detected as a decreased
rate of clearance from regions of brain tissue that har-
bored populations of activated microglia. Although
some regional variation in the retention character-
istics were observed, no discernible component of
specific binding was observed in any brain region
in impaired HIV-infected subjects as compared to
noninfected HIV subjects or seronegative controls
(Table 3, Figure 1).

Discussion

We used MRI and PET to study a small group of HIV-
infected neurocognitively impaired and nonimpaired
individuals along with five noninfected control sub-
jects. As all of our subjects received antiretroviral

Subject Age CD4 %  CD4count  Viralload  Neurocognitive  Vent. enlarge  Perivent, HI ~ HIV ENC
CWo03-01 41 25 524 <50 I + + +
CW03-08 52 14 528 9202 I + ++ +
CW04-02 39 10 148 38926 I + ++ +
CW05-04 54 11 161 <50 I ++ ++ ++
CW03-04 45 40 345 <50 I - - -
CW04-03 53 14 376 <50 I + + +
CWo03-07 66 37 736 60 NI - + -
CWo04-01 39 36 894 <50 NI - - -
CW03-02 52 19 384 <50 NI - - -
CWO03-05 43 29 393 <50 NI + + +
CW03-06 52 24 555 <50 NI - + -
CW05-02 46 43 698 <50 NI - - -
Non-infected controls
CW04-05 54 55 1211 - Cc - - -
CW04-06 44 51 868 - C - - —
CWo4-07 27 51 1782 - C - — —
CW05-01 43 42 898 - C - - -
CW05-03 34 53 1069 - C - - —

CD4%: percentage of lymphocytes determined to be CD4 T-cells on the basis of flow cytometry; CD4 count: absolute number of CD4

T-cells per mm? of blood; Viral load: number of copies of HIV RNA per mm? of plasma; Neurocognitive: determination of neurocognitive
status as impaired (I) or nonimpaired (NI) as outline in methods or control noninfected (C); Vent. enlarg.: + denotes present, — denotes
absent; Perivent. HI: hyperintensities, — denotes absent, + denotes mild, ++ denotes moderate; Thin CC: corpus callosum thinning, +
denotes present, — denotes; absent; HIV ENC: pattern of MRI volume loss and white matter hyperintensities consistent with subjective
radiological impression of HIV encephalopathy.
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Table 2 Selected neuropsychological test data Table 3 ["'C](R)-PK11195 binding potential
Patients NC HIV+ (NI) HIV+ (1)
N Controls  Unimpaired  Impaired  ppgerior 0.042 £0.066 0.002+0.054 0.077 £ 0.071
5 6 6 cingulate
gyrus
Age (2‘;3_'5?1) (4%2':6) (3?:5) Basal ganglia ~ 0.03740.033 0.146+0.137 0.145 + 0.076
Educati a0 16.0 140 Cerebellum 0.0284+0.098 0.082+0.071 0.104 + 0.097
ueation (12-18) (14-19) (6.18) Frontal cortex ~ 0.033£0.055 0.041+0.102 0.068 = 0.082
Estimated 1Q 106 123 114 Lateral 0.044 +0.020 0.065 4+ 0.065 0.070 + 0.036
(104-108)  (115-126)  (111-129) tcilﬁggral
i : : : esial temporal  0.02140.030 0.040+0.061 0.018 + 0.051
WAIS-R Vocabulary (;?1(4]1 ) ( ; _11(; ) ( 51 _11(‘]1 ) Mesial temporal n n i
. cortex
Information (B14] (o) (a8 Occipital Cortex 0167 +0.041 0.102+0.109 0.178 + 0.073
Block Desi 145 12.0 o5 Pons 0.196 + 0.059 0.169+0.144 0.279 +0.078
ock Lesign (10-15) (9-18) (7-12) Subcortical —0.058 £ 0.015 —0.028 £ 0.065 —0.012 = 0.100
.. - _ — white matter
Dlglctoigmb(ﬂ Raw 59.0 59.0 50.5 Thalamus 0.206 +0.068 0.368+£0.225 0.260 = 0.092
(46-89) (55-67) (34-61) ) . i
Age Scaled Score 11.0 12.5 10.0¢ Regional [""C](R)-PK11195 binding potential (BP) values deter-
(7-17) (11-15) (7-12) mined by cluster analysis and the simplified reference tissue model
Visual Recall 24.0 22.3 15.5¢ (SRTM) for normal control (NC), nonimpaired HIV-positive (HIV+
(13-33) (10-34) (8=33) (NI)), and cognitively impaired HIV-positive (HIV+ (I)) subject
Verbal Recall 13.0 13.0 8.00° groups.
(8—16) (11-16) (5-10)
Verbal Learnin, 58.0 69.0 36.0°
8 (41-63) (49-71) (34-43) lates detectable by contrast enhanced MRI. Other MR
Verbal Fluency 52.0 57.5 34.5 techniques such as MR spectroscopy (Brack-Werner,
. ] (25-56) (39-60) (10-66) 1999; Navia, 1997) for neuronal markers such as N-
Trailmaking Part A ( 1%)6_'22) ( 1129_'30) ( 13;'55) acetylaspartate or diffusion tensor imaging (Filippi
Part B 35.0 375 67.5 et al, 2001; Pomara et al, 2001) may be more sensi-
(20-68) (32-65) (28-154) tive in detecting abnormalities associated with these
Pegboard Dominant 51.0 65.5 89.5° subtle cognitive abnormalities.
Non-Dominant (4624—%3) (65’3—757) (71%—213?) Given that brain structural changes would be ex-
on-ominan (44-89) (64.78) (84-124) pected to be a late and insensitive means of detecting
NPZ-8 25 30 _.7ga physiological changes, we utilized PET to detect neu-
(—.6-1.0) (~.3-.8) (-1.9-.2) roinflammatory changes potentially associated with

Note. Testing was as described in text. Values (except N) are mean
(range).

“Impaired significantly different from unimpaired (p < .05, two-
tailed, Mann-Whitney U test).

therapy, it is not clear if our findings would per-
tain to nontreated subjects. HIV-infected subjects
demonstrated a variety of minor MR imaging abnor-
malities. Constellations of these abnormalities (e.g.,
cortical atrophy, caudate atrophy, white matter hy-
perintensities) have been described in encephalo-
pathic HIV-infected individuals (see Paul et al [2002]
for review). Caudate atrophy has been most com-
monly associated with cognitive dysfunction along
with cortical atrophy and white matter hyperintensi-
ties; however, the literature does not support a strong
relationship between cortical atrophy or white matter
abnormalities and cognitive dysfunction. In our small
study, even with contrast administration, MRI fea-
tures did not unambiguously discriminate between
neurocognitively impaired and nonimpaired individ-
uals. The inability to distinguish impaired and non-
impaired individuals suggests that the physiological
abnormalities of subtle neurocognitive impairment in
HIV infection do not have prominent structural corre-

HIV infection. PET has been used extensively in
HIV-infected individuals. Most PET studies have fo-
cused on the use of [*®F]FDG to discriminate in-
fectious or neoplastic lesions (Heald et al, 1996;
O’Doherty et al, 1997; Palestro and Torres, 1999).
Some have used ['8F]FDG PET to assess neurocogni-
tive deficits in HIV-infected subjects (Goodkin et al,
1997) and although the findings have not been ro-
bust, there is some suggestion that hypometabolism
in the cortex and hypermetabolism in the striatum
are associated with cognitive impairment in adults
(Arendt, 1995; Brunetti et al, 1989; Rottenberg et al,
1996), but the opposite pattern was seen in children
(Depas et al, 1995).

Because both in vitro and in vivo studies have
shown that microglia express a high concentration
of PBR binding sites, the PBR ligand PK11195 has
been used in a variety of studies to investigate
macrophage infiltration in the CNS of animal models
and human diseases (Banati, 2002; Cagnin et al, 2002;
Debruyne et al, 2003; Kadota et al, 1996; Petit-Taboue
et al, 1991; Vowinckel et al, 1997; Yamagishi and
Kawaguchi, 1998). The low abundance of PBR in the
unperturbed CNS (Banati et al, 1997; Benavides et al,
1988) contrasts with the abundance of binding de-
tected in brains with a variety of neuroinflammatory
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Figure1 ["'C](R)-PK11195 retention in the brains of HIV-infected

humans with and without neurocognitive impairment. Average
group time activity curves (+1 SD) for frontal cortex, lateral tem-
poral cortex, and basal ganglia following the injection [*'CI(R)-
PK-11195 for normal control (NC), HIV-infected neurocognitively
non-impaired (HIV+ (NI)), and HIV-infected neurocognitively im-
paired (HIV+ (I)) groups. Although some regional variation in the
retention characteristics were observed, no discernible component
of specific binding was observed in any brain region in impaired
HIV-infected subjects as compared to noninfected HIV subjects or
seronegative controls.

diseases (Banati et al, 1997; Debruyne et al,
2003). Human studies of multiple sclerosis and
Alzheimer’s disease have reported good concordance
between PK11195 binding in the CNS and regions
of neuroinflammation. Because immunosuppressive
lentiviral encephalitides are characterized by a
prominent macrophage infiltration, these diseases
might also be amenable to PET [''C](R)-PK11195
assessment.

In the course of preparing this paper, a similar
study examining five non—HIV-infected and 10 HIV-
infected subjects was published by Hammoud et al
(2005). These investigators reported, “patients with
HAD showed significantly higher [*'C]-(R)-PK11195
binding than controls in five out of 8 brain re-
gions.” However, “non-demented HIV+ patients did
not show significantly increased binding compared
to controls” and nondemented and demented HIV-
infected subjects did not show significant differences
in binding. Differences in our current report and that
of Hammoud and colleagues may in part be due to dif-
ferences in data analysis. To reach the above conclu-
sions, these investigators compared mean regional ac-
tivity normalized to the mean activity in white matter.
To better compare our results to the previous study,
we performed a similar analysis based on normal-
ized data (Table 4). Paradoxically, using this type of
analysis, three regions (mesial temporal cortex, oc-
cipital cortex, and pons) showed higher binding in
our noninfected controls than in the infected subjects
(regardless of impairment).

Another reason for differences in the studies may
be due to differences in the control populations.
Although regions of interest may not be precisely de-
fined the same in the two studies, five regions could
be compared between the two studies (frontal cortex,
occipital cortex, thalamus, pons, and cerebellum).
In three regions (frontal cortex, occipital cortex and
cerebellum), the mean normalized binding in Ham-
moud’s controls was substantially lower then our
controls. Because it is more difficult to compare the
different groups of affected subjects in the two stud-
ies, we performed a similar analysis comparing our
noninfected controls to impaired and nonimpaired
HIV-infected subjects.

Like our study, the Hammoud et al study was
not able to distinguish impaired from nonimpaired
HIV-infected subjects. Because PET studies are ex-
pensive and logistically complex, both the previ-
ously published study and ours suffer from small
numbers of subjects. We performed a meta-analysis
by combining our findings with those of Hammoud
et al. Although we were able to detect differences
between our controls (see above), comparison of the
combined impaired and nonimpaired HIV-infected
subjects showed no significant difference. Given the
small differences between binding potentials of im-
paired and nonimpaired subjects, power analyses
suggest that a PET PK study would have to contain
approximately 100 subjects to show a statistically



Table 4 Normalized ["'C](R)-PK11195 radioactivity

NC HIV+ (NI) HIV+ (I)
Anterior cingulate  1.456 +0.149 1.365+0.115 1.231+0.158
gyrus
Basal ganglia 1.136 £0.149 1.332+£0.119 1.393 £0.222
Cerebellum 1.528 £0.097 1.426+0.156 1.331+0.173

1.414 £0.158 1.333 £0.125 1.247 £0.190
1.458 £0.119 1.351+0.129 1.287 £0.137

Frontal cortex
Lateral temporal

cortex
Mesial temporal 1.392 +0.110 1.257 £0.087 1.219+0.118
cortex*
Occipital Cortex* 1.581+0.124 1.481+0.113 1.300 £ 0.195
Pons* 1.587 +£0.189 1.522+0.010 1.304 £0.228
Subcortical white 1.000 + 0.000 1.000 + 0.000 1.000 =+ 0.000
matter
Thalamus 1.746 £ 0.180 1.605 +0.122 1.625 £ 0.260

Regional ["'C](R)-PK11195 activity averaged from 10 to 60 min
postinjection, normalized to the mean activity in white mat-
ter. Normal control (NC), nonimpaired HIV-positive (HIV+ (NI)),
and cognitively impaired HIV-positive (HIV+ (I)) subject groups.
*Significantly different from control (P < .05, Mann-Whitney U
test).

significant difference between impaired and non-
impaired subjects. This draws into question the
utility of [Y'C](R)-PK11195 PET in studies of mi-
nor cognitive impairment in HIV infection and cer-
tainly obviates its utility in evaluation of individual
patients.

To optimize our PET sensitivity, we used the R-
enantiomer of PK11195 to afford higher affinity for
these studies. Our previous PET study of simian
immunodeficiency virus (SIV)-infected macaques
(Venneti et al, 2004) demonstrated proof of principle
that [''C](R)-PK11195 can detect neuroinflammation
associated with lentiviral encephalitis. However, the
animal model used for these studies employed CD8
T-cell depletion and led to severe lentiviral en-
cephalitis with potential significant differences in
severity of macrophage aggregation compared to the
human disease. In the previous simian study, we
found increased PK11195 binding potential without
change in dissociation constant in macaques with se-
vere SIV encephalitis. Obviously clinical patholog-
ical correlations are more limited in human stud-
ies. For numerous reasons it is difficult to obtain
elaborate human clinical testing in the premorbid
time period. Therefore clinical pathological corre-
lations frequently have lengthy time gaps between
performing a test and the demise of the patient and
neuropathological correlation. Because AIDS demen-
tia occurs in the terminal stages of infection, it has
been possible to draw a fairly close correlation be-
tween AIDS dementia and HIV encephalitis (Achim
et al, 1994; Glass et al, 1995). Unfortunately we cur-
rently have no data on what PET ["'C](R)-PK11195
studies would show in profoundly demented HIV-
infected patients with HIV encephalitis. We have,
however, attempted to make this correlation using
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the SIV model (Venneti et al, 2004). Treatment of
HIV infection also interjects an additional complex-
ity into the human studies. Because HIV is known
to enter the CNS early after infection, it is possible
that damage and microglial activation could occur
and enter various stages of resolution. If this were
the case in our subjects, our negative findings in-
dicate that such lesions are not readily detected by
["'CI(R)-PK11195.

In analogy to our study, a recent report at the In-
ternational Congress on Alzheimer’s Disease and Re-
lated Disorders (ICAD) demonstrated that in six pa-
tients with mild cognitive impairment (a potential
precursor to Alzheimer’s disease), [''C][PK11195 PET
showed no increase binding potential compared to
five age- and sex-matched controls (Schuitemaker
et al, 2004). If ["'C](R)-PK11195 PET is assumed to
be a sensitive marker of microglial activation, then
our finding in HIV-infected subjects and Shuitemaker
et al’s finding in elderly subjects suggest that mild
cognitive impairment in both diseases is independent
of microglia. Alternatively, more sensitive probes are
necessary to study a more modest macrophage acti-
vation associated with early phases of this disease.

A spectrum of neurocognitive abnormalities have
been described in HIV-infected individuals, ranging
from minor motor and cognitive abnormalities to
frank dementia. The pathological substrate of HIV-
dementia has been shown to be HIV encephalitis,
a peculiar form of encephalitis characterized by an
abundance of activated macrophages in the CNS. The
relationship between minor cognitive abnormalities
and dementia has not been fully elucidated; how-
ever, it is logical to assume that dementia must be-
gin with more subtle cognitive abnormalities that
progress to greater severity and thus dementia. If the
minor neurocognitive abnormalities associated with
HIV infection were on the pathological continuum
to HIV dementia, then it might represent an early
stage of macrophage activation. PET studies are logis-
tically difficult and financially challenging so it is im-
portant to recognize that our inability to distinguish
impaired from nonimpaired subjects may in part be
due to the limited number of subjects. That we did
not detect a difference in either the ['1C](R)-PK11195
concentration time-activity curves or binging poten-
tial in impaired versus non-impaired individuals sug-
gests that either PET scanning with [11C](R)-PK11195
lacks the sensitivity to detect this early or that the
pathological substrate of minor cognitive and mo-
tor impairment is not an early form of lentiviral
encephalitis.

Methods

Subjects
This study was reviewed and approved by the Uni-
versity of Pittsburgh Institutional Review Board.
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Subjects were recruited from the ongoing Allegheny
County Neuropsychiatric Survey and had under-
gone an intensive neuropsychological evaluation
within six months of entry into the present study.
All subjects received an intensive neuropsycholog-
ical evaluation within 6 months of study entry.
This broad assessment of cognitive function per-
mitted a qualitative analysis of neuropsychological
impairment in HIV seropositive individuals (Becker
et al, 1997). Each participant underwent a semistruc-
tured psychosocial interview, and completed ques-
tionnaires concerning psychiatric symptomatology.
Subjects completed screening questions concerning
new episodes of mood or anxiety disorders, psy-
chosis, and substance abuse/dependence. Subclin-
ical psychiatric symptoms were assessed with the
Brief Symptom Inventory, and the Neuropsychiatric
Inventory. The data from the neurobehavioral eval-
uation were reviewed by a neuropsychologist (Dr.
Becker) and a neurologist (Dr. Lopez) who were
blinded to the results of the PET and MR imaging
study. The determination of the presence of cogni-
tive impairment was based on the results of the test
battery. A subject was considered to be impaired if
they had abnormal performance in two cognitive do-
mains. Impaired performance within a domain oc-
curred when the patient had scores on two tests
that were more than 1.5 standard deviation units be-
low the level expected based on age and education
level.

After subjects consented to participate in the study,
all testing was coded to a study number to maintain
anonymity and assure blinded data analyses. Prior to
undergoing an MRI scan an intravenous catheter was
placed and blood drawn for CD4 white count analysis
and plasma viral load assessment.

Magnetic resonance imaging
Magnetic resonance (MR) imaging was performed
using a 1.5-Tesla whole-body MR scanner (General
Electric Medical Systems, Milwaukee, WI). The stan-
dard quadrature, birdcage head coil was used for
scanning the subjects, placed supine on the imag-
ing table. Data acquisition was performed using a
protocol of standard imaging sequences to evaluate
anatomical detail, followed by the acquisition of a
high-resolution gradient echo data set to be used for
MRI PET co-registration and a dynamic, contrast-
enhanced echo planar imaging acquisition.
Three-dimensional spoiled gradient-recalled
(SPGR) images were acquired in the coronal plane
with a field of view of 24 cm and an effective reso-
lution of .9 x .9 x 1 mm? prior to contrast injection
to provide a high-resolution data set for MRI-PET
coregistration. Volume measurements were deter-
mined as described before using a semiautomated
segmentation algorithm (MORPH) software (Joe et al,
1999; Johnson et al, 1993).

The MRI examinations were evaluated by a board-
certified neuroradiologist (Dr. Meltzer), blinded to
CD4 T-cell count, neuropsychological test results,
and all other clinical information except for the di-
agnosis of HIV-infection and subject age. The im-
ages were viewed on a monitor, and visually evalu-
ated for the presence of findings consistent with HIV
encephalopathy, including (1) cerebral volume loss
greater than expected for age; (2) disproportionate
ventricular enlargement; and (3) confluent, symmet-
ric periventricular white matter hyperintensities.

[M'C](R)-PK11195 radiosynthesis

High specific activity [*'C](R)-PK11195 was pro-
duced at the University of Pittsburgh Medical Cen-
ter PET Facility using methods similar to those pre-
viously described by the Hammersmith PET Group
(Shah et al, 1994), except that the methylation was
performed at room temperature for 2 min to minimize
the dechlorination side reaction (Cleij et al, 2003).
Chemical and radiochemical purities were > 95%
with specific activities >2.0 Ci/umol at the end of
a 40-min synthesis.

PET imaging

All PET data were acquired in three-dimensional
imaging mode using an ECAT HR+ PET scanner (CTI
PET Systems, Knoxville, TN). Prior to radiotracer in-
jection, a 10- to 15-min transmission scan was per-
formed using rotating 8Ga/%®Ge rod sources for the
purpose of attenuation correction of emission data.
Immediately following the transmission scan, pa-
tients were injected with 12 mCi of [*30O]H,0O and a 5-
min (4-frame) PET scan was acquired. After a 15-min
delay to allow for the decay of oxygen-15, subjects
were injected intravenously over 30 s with approx-
imately 15 mCi (average dose 14.3 £+ 1.0 mCi, range
13.0 to 15.8 mCi) of high specific activity [**C](R)-
PK11195 in 5 ml of sterile isotonic saline. A dy-
namic series of PET scans was acquired over 90 min
in 33 frames, commencing at the start of radiotracer
injection. Images were reconstructed using Fourier
rebinning and two-dimensional filtered backprojec-
tion using a 4-mm Hanning filter. Emission data were
corrected for attenuation, dead time, scatter, and ra-
dioactive decay.

Data analysis

PET scans of each subject were centered using the al-
gorithm of Minoshima et al (1992) and coregistered
to the subject’s corresponding [">OJH;O scan using
the Automated Image Registration (AIR) algorithm
(Woods et al, 1992). MR images were aligned to the
[10]JH,0 scan and resliced using AIR (Woods et al,
1993) to yield MR images in the same spatial orien-
tation as the and [**C](R)-PK11195 PET images. The
['50]H,0 PET image was chosen as the target for the
MR to PET image registration due to the greater degree



of anatomical detail in brain compared to the ['*C](R)-
PK11195 PET image. Both PET to PET and PET to
MR image registrations were checked for accuracy
by comparing anatomical landmarks in an orthog-
onal image viewer. Regions of interest (ROIs) were
defined on multiple contiguous planes on the coreg-
istered MR image using standard anatomical criteria
established in our laboratory (Meltzer et al, 1998) and
applied to the dynamic PET images to generate time-
activity curves for the anterior cingulate gyrus (ANG),
basal ganglia (BSG), cerebellum (CER), midfrontal
cortex (FRC), lateral temporal cortex (LTC), mesial
temporal cortex (MTC), occipital cortex (OCC), pons
(PON), subcortical white matter (SWM), and thala-
mus (THL). The regional brain radioactivity concen-
trations per gram of brain tissue were normalized
to both the injected dose of [''C](R)-PK11195
and the body mass of the subject in kilograms
(%ID*kg)/g.

Because HIVD is characterized by widespread and
unpredictable patterns of pathologic involvement, it
is not possible to anatomically define a consistent
reference tissue which is free of disease pathol-
ogy within a study cohort. For this reason, a clus-
ter analysis technique was employed to segment
the dynamic PET image data on a voxel-by-voxel
basis into “clusters” of voxels with indistinguish-
able ligand kinetics without any anatomical restric-
tion. From these clusters, it is possible to extract
a normal ligand kinetic that is representative of in
vivo free and nonspecific ligand kinetics. This nor-
mal ligand kinetic can be used as a reference input
function for image-based methods of analysis of ra-
diotracer binding such as the simplified reference tis-
sue model (Gunn et al, 1997; Lammertsma and Hume,
1996).

To determine the regional binding of [''C](R)-
PK11195, a basis function implementation of the
simplified reference tissue model (SRTM) was ap-
plied to the dynamic PET image data (Gunn et al,
1997; Lammertsma and Hume, 1996). This method
of analysis relies on the definition of an anatomic
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“reference tissue,” which is devoid of specific radi-
oligand binding to estimate three parameters: R; (the
ratio of radiotracer delivery between target and ref-
erence tissue); k, (the efflux rate constant from the
target tissue); and the binding potential (BP), which
is a measure of specifically bound radioligand. For
many widely used neuroreceptor radioligands, such
as the carbon-11-labeled dopamine D2 receptor an-
tagonist [*Clraclopride, the cerebellum provides a
suitable reference ligand kinetic that does not con-
tain a significant component of specific binding. In
this study, the reference tissue is defined by the clus-
ter that was most representative of the normal ligand
kinetic as determined in non-HIV-infected control
subjects (n = 3).

A second technique employed for the analysis of
regional [Y'C](R)-PK11195 PET data uses a white
matter ROI as a reference value to normalize radio-
tracer binding in other regions, as recently described
by Hammoud et al, (2005). This simplified image-
derived method was investigated as a potential alter-
native to cluster analysis and SRTM. Regional PET
time- activity data were summed over the 10 to 60-
min postinjection interval to obtain an index of ra-
diotracer concentration. For cortical and subcortical
gray matter regions, this index was normalized to that
obtained from the white matter.

Statistical analysis

Student’s t tests for unequal variances was used to
compare the CD4 count by viral load. Fisher’s Exact
statistic was used to compare the rate of structural
abnormalities among those with and without neu-
rocognitive impairment. One-way analysis of vari-
ance (ANOVA) test were used to compare the neu-
ropsychological test scores between impaired and
unimpaired patients and the binding potential in var-
ious regions among the unimpaired, HIV infected,
and HIV noninfected. A two-sample t test was used
to compare the normalized binding potential between
normal controls from this study with normal controls
from a previously reported study.
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