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Abstract
Background—Simian immunodeficiency virus (SIV) infection and persistent CD8+ lymphocyte
depletion rapidly leads to encephalitis and neuronal injury. The objective of this study is to
confirm that CD8-depletion alone does not affect brain pathology in the absence of SIV infection.

Methods—Four rhesus macaques were monitored by proton magnetic resonance spectroscopy
(1H-MRS) before and biweekly after anti-CD8 antibody treatment for eight weeks and compared
to four SIV-infected animals. Postmortem immunohistochemistry was performed on these eight
animals and compared to six uninfected, non-CD8-depleted controls.

Results—CD8-depleted animals showed stable metabolite levels and revealed no neuronal
injury, astrogliosis or microglial activation in contrast to SIV-infected animals.

Conclusions—Alterations observed in MRS and lesions in this accelerated model of neuroAIDS
result from unrestricted viral expansion in the setting of immunodeficiency rather than from CD8+
lymphocyte depletion alone.
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Introduction
Despite the effectiveness of highly active antiretroviral therapies (HAART), neurological
complications of HIV infection (neuroAIDS) continue to be an important problem [4, 19,
28]. The simian immunodeficiency virus (SIV) is the closest known relative to HIV, and like
HIV, productively infects CD4+ lymphocytes and monocyte/macrophage-derived cells
including microglia, the resident macrophage of the brain [15, 37]. Similar to HIV patients
who develop encephalitis, rhesus macaques infected with pathogenic strains of SIV such as
SIVmac251 are susceptible to developing SIV encephalitis, the hallmarks of which include
accumulation of viral-laden perivascular macrophages and multinucleated giant cells
(MNGC), astrogliosis, microgliosis, and neuronal injury [6, 34].

However, the traditional SIV macaque model is limited in the sense that SIV encephalitis
(SIVE) occurs in less than one-third of infected animals, and progression to terminal AIDS
requires a lengthy time course of two or more years [7, 33]. Thus, attention has become
focused on two rapidly progressing SIV macaque models. One model employs pigtailed
macaques co-inoculated with immunosuppressive and neurovirulent viruses [36]. The
second model retains the use of the SIV-infected rhesus macaque, but uses a monoclonal
antibody to deplete the animal of CD8+ lymphocytes [29, 30]. In this model, more than 90%
of persistently CD8-depleted animals develop histopathological signs of SIVE similar to
those of HIV encephalitis [34]. Furthermore, using this accelerated model, we have
demonstrated our ability to manipulate the severity of this damage, using a regimen of
antiretroviral therapy [35] and minocycline [26]. However, in order to substantiate this
animal model it is of vital importance to confirm that CD8 depletion alone does not result in
astrogliosis and neurodegeneration.

Proton magnetic resonance spectroscopy (1H MRS) is one of the most informative methods
employed in neuroAIDS research [3, 5, 20]. 1H MRS can non-invasively measure a wide
range of cerebral metabolites in vivo, including the neuronal marker N-acetylaspartate
(NAA) [21, 32] and putative glial markers of choline-containing metabolites, collectively
abbreviated as Cho and myo-inositol (MI). Previously, our group has shown that SIV
infection and CD8 depletion result in a rapid decline in NAA/Cr, indicative of MRS-
detectable neuronal injury. [26, 35] Furthermore, Cho and MI are elevated with SIV
infection [10, 27]. To confirm in vivo MRS results, we conducted quantitative
immunohistochemistry (IHC) for the neuronal markers microtubule-associated protein
(MAP2) and synaptophysin (SYN), astroglial marker glial fibrillary acidic protein (GFAP),
and micriglial marker ionized calcium binding adaptor molecule 1 (IBA-1).

Materials and Methods
Non-Human Primates

A total of fourteen rhesus macaques (Macaca mulatta) were used in this study. All animals
were housed according to the standards of the American Association for Accreditation of
Laboratory Animal Care, and all investigators adhered to the Guide for the Care and Use of
Laboratory Animals of the Institute of Laboratory Animal Resources, National Research
Council. The study was approved by the Massachusetts General Hospital Subcommittee on
Research Animal Care as well as the Institutional Animal Care and Use Committee of
Harvard University. All animals were housed at the New England Primate Research Center
(NEPRC) and animals were transported to the Center for Comparative Medicine (CCM) at
the Massachusetts General Hospital for the 2 month duration of the imaging studies.

All animals were confirmed serologically negative for SIV, Simian T-Cell Leukemia Virus
(STLV), and simian type D retrovirus (SRV) prior to initiation of study. Four of the fourteen
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rhesus macaques were CD8+ lymphocyte-depleted by treatment with anti-CD8 antibody
(cM-T807) administered once subcutaneous (s.c.) (10 mg/kg) and then intravenous (i.v.) (5
mg/kg) 2 and 4 days later. Animals in this group were not infected with SIV. To investigate
potential metabolic changes, we performed MR spectroscopy on these animals before and
biweekly following CD8 depletion, until 8 weeks post-depletion (w.p.d.). CD8-depleted
animals were evaluated over a similar time course as SIV-infected, CD8-depleted animals
allowing comparable end stage time points [26, 35].

For pathology studies, we performed retrospective analyses of two additional cohorts. Six
animals were neither SIV-infected nor CD8-depleted and served as controls in this study.
Four animals were inoculated intravenously with the simian immunodeficiency virus
SIVmac251 (20 ng SIVp27, i.v.) and CD8+ T-lymphocyte depleted by treatment with anti-
CD8 antibody (cM-T807) administered s.c. (10 mg/kg) 6 days post-infection and i.v. (5 mg/
kg) 8 and 12 days post-infection (d.p.i.). SIV-infected, CD8-depleted animals were
sacrificed between 8 and 12 weeks post infection. MRS and pathology findings of these four
macaques were previously described in a paper by Williams et al. [35]. Table 1 summarizes
the study.

MRI and MRS
We acquired in vivo MRS on the four CD8-depleted rhesus macaques using an 18 cm-
diameter TEM transmit-receive coil (MR Instruments, Minneapolis, MN) on a 7T MRI
scanner (Siemens AG, Erlangen, Germany). First, we employed a three-plane localizer to
position the monkey in the coil; in this manner, voxel placement was highly reproducible.
To image-guide the 1H MRS volume of interest (VOI), we obtained sagittal, coronal and
axial turbo spin echo [TE/TR=13/5000 ms, 160° flip angle, 160×160 mm2 field-of-view
(FOV), 512×512 matrix, and 2 mm slice thickness] images. The axial images were aligned
parallel to the genu-splenium line of the corpus callosum on the sagittal projection.

Single voxel 1H MR spectra from the white matter semiovale (WM), frontal cortex at the
midline (FC), and the basal ganglia (BG) were acquired using a point-resolved spectroscopy
(PRESS) sequence [TE/TR = 30/2500 ms and 192 acquisitions, bandwidth 1200 Hz] with
WET water suppression (water suppression enhanced through T1 effects). Metabolite
concentrations of NAA, Cho, MI, creatine (Cr), and glutamine and glutamate (Glx) were
quantified using the LCModel software package (Stephen Provencher, Canada) [24] as
ratios over Cr and using the unsuppressed water peak as reference. We generated the basis
set or model functions to analyze the metabolites via LCModel using GAMMA software
(ETH Zürich), a program designed to simulate magnetic resonance spin systems with the
prior knowledge of all chemicals shifts and coupling constants for metabolites.

Flow Cytometry
Flow cytometry was used to monitor CD8+ lymphocyte depletion prior to antibody
treatment and after CD8-depletion treatment, weekly thereafter. Flow cytometric analyses
were performed with 100-μl aliquots of blood incubated with fluorochrome-conjugated
antibodies including anti–CD3-APC (clone FN18; BioSource International, Camarillo, CA),
anti–CD4-FITC (OKT4; Ortho Diagnostic Systems, Raritan, NJ), anti–CD8-PE (DK25;
DakoCytomation, Glostrup, Denmark), and anti–CD20–PE–Texas Red (B1; Beckman
Coulter, Brea, CA). Following antibody incubation at room temperature for 15 minutes,
cells were washed twice with PBS containing 2% FBS, lysed the erythrocytes using the
ImmunoPrep Reagent System (Beckman Coulter, Brea, CA), and washed the samples with
PBS; after resuspending them in 2% formaldehyde in PBS, we analyzed the samples on a
FACSCalibur flow cytometer (BD). Absolute numbers of CD8+ and CD4+ lymphocytes
were determined by multiplying the percentage of CD8+/CD3+ or CD4+/CD3+ T cells by
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absolute lymphocyte counts obtained using a standard veterinary 3-point WBC differential,
CBC Hematology Analyzer (Hema-True, HESKA, Loveland, CO).

Tissue collection and processing
On the day of sacrifice, all animals were anesthetized with ketamine-HCl and euthanized by
intravenous pentobarbital overdose. Animals were perfused with 4 liters of chilled saline. A
complete set of CNS and peripheral tissues were collected in 10% neutral buffered formalin,
embedded in paraffin, and sectioned at 6 μm. CNS histopathology with routine H&E slides
was conducted on 10 different brain regions (prefrontal cortex, frontal cortex, parietal
cortex, basal ganglia, amygdala, thalamus, hippocampus, cerebellum, brain stem, and cevial
spinal cord.

Immunohistochemistry
Immunohistochemistry (IHC) was used to analyze the prevelance of CD8+ cells in the brain
of the animals in the study using an antibody directed against CD8 (clone 1A5, 1:50, IgG1,
Vector Labs). IHC was performed on 5 μM sections of formalin-fixed, paraffin-embedded
(FFPE) tissues, using an ABC immunoperoxidase technique as described elsewhere [1].
Briefly, FFPE tissue sections were deparaffinized in xylene and rehydrated through graded
ethanol to distilled water. Antigen retrieval was accomplished using a pressure cooker and
Trilogy solution (Cell Marque, Rocklin, CA). Endogenous peroxidase activity was blocked
in 3% hydrogen peroxide in phosphate buffered saline (PBS), and non-specific protein
binding was blocked with Protein Block (Dako). After incubating with the primary antibody,
tissue sections were reacted sequentially with biotinylated secondary antibody (Dako),
horseradish peroxidase-conjugated streptavidin (Dako), and the chromogenic substrate 3, 3′-
diaminobenzidene (DAB, Dako), and counterstained with hematoxylin (Sigma Chemical
Co., St. Louis, MO). Objective scoring of brain sections was accomplished by examining at
least 20 non-overlapping fields at 10× magnification and counting CD8+ DAB stained cells
within either the meninges or parenchyma. The scoring system was as follows: 0 = no
immunopositive cells observed in the section; + = rare scattered immunopositive cells within
the entire section; ++ = 1-2 immunopostitive cells per 10× field.

Brain tissue from the frontal cortex was harvested in blocks, fixed in 10% neutral-buffered
formalin, embedded in paraffin, and sectioned at 5μm for routine histology and quantitative
neuropathology. The degree of reactive astrogliosis was assessed with monoclonal anti-glial
fibrillary acidic protein (1:1000; Boehringer Mannheim, Indianapolis, IN). 5 μm-thick
paraffin sections from the frontal cortex were immunolabeled overnight with these
monoclonal antibodies, followed by biotinylated horse anti-mouse immunoglobulin G,
avidin-horseradish peroxidase (Vectastain Elite kit; Vector, Burlingame, CA), and reacted
with diaminobenzidine tetrahydrochloride and peroxide (0.03%). We evaluated the integrity
of the synapses with monoclonal antibody against synaptophysin (1:10) (Boehringer
Mannheim, Indianapolis, IN), and evaluated the status of neuronal dendrites using
monoclonal antibody against microtubule-associated protein 2 (MAP2) (Boehringer
Mannheim, Indianapolis, IN).

Levels of GFAP, synaptophysin, and MAP2 were determined by way of computer-aided
image analysis, as previously described [18]. Immunoreactivity was semiquantitatively
assessed as corrected optical density, using a microdensitometer (Quantimet 570C; Leica,
Microsystem Cambridge, UK). For this purpose, three immunolabeled sections from each
case were analyzed. As previously described [13, 16, 18], the microdensitometer system was
first calibrated with a set of filters of various densities, ten images for each section at ×100
magnification were obtained. After the area of interest (layers 2–5) was delineated with the
cursor, the optical density within that area was obtained. The optical density in each image
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was averaged and expressed as the mean per case. All of the measurements for MAP2 and
synaptophysin are in arbitrary optical density units, and range from 0 to 500 (i.e., 0 indicates
all light is allowed to pass through the sample, while 500 indicates no light is allowed to
pass through the sample). All values are expressed as mean ± standard error of the mean.

Microglial activation was assessed by quantifying calcium binding adaptor protein 1
(IBA-1) (Wako Corp. Japan). Images of tissue sections were captured without manipulation
using an Olympus 3-CCD T60C color video camera mounted on an Olypus Vanox-SI
microscope and analyzed using NIH Image J software.

Statistical Analysis
We performed repeated measures analysis of variance (RM ANOVA) and Holm's t-tests
using JMP 7.0 (SAS, Cary, NC) to examine the metabolic changes by in vivo MRS. Analysis
of variance (ANOVA) was used to determine the significance of changes for each
neuropathological marker between the three cohorts. Least squares means t-tests were used
to isolate specific significant changes between cohorts only if statistical significance was
determined with ANOVA. ANOVA was also used to detect an age effect between the three
cohorts; a P-value of less than 0.05 was considered statistically significant.

Results
Flow cytometry on uninfected CD8-depleted animals

Flow cytometric analysis of peripheral blood confirmed that three out of the four uninfected
CD8-depleted animals were persistently CD8+ lymphocyte-depleted for a minimum of 28
days. We observed the absolute CD8+ lymphocytes return by 21 days post-depletion in only
one animal. Treatment with anti-CD8 antibody cM-T807 results in a depletion of both,
CD3+CD8+ cells as well as natural killer (NK) cells [23].

CD8+ lymphocyte depletion resulted in a dramatic induction of CD4+ cells proliferation.
Increases in CD4+ cells could be observed in both, the SIV+/CD8- and the CD8- cohorts.
Table 1 shows the final CD4 counts before sacrifice. These findings are consistent with
previously published results by Okoye et al [23]. Thus, CD4 cell count cannot be used to
define AIDS illness in this accelerated macaque model of neuroAIDS.

MR spectroscopy in uninfected CD8-depleted animals
Prior to his study, we had performed a power analyses to ensure that four animals are
sufficient to demonstrate the lack of anti-CD8 treatment response. The power calculation for
this project was derived from our previously published work with SIV+/CD8- macaques
[35] and is based on NAA/Cr levels in the frontal cortex. Using 1H MRS at 1.5 T, we had
observed substantial decreases in frontal cortex NAA/Cr in SIV-infected, CD8+ T cell
depleted rhesus macaques. T-tests revealed a 20% decrease between the pre-infection scan
and the final scan between 8 and 12 wpi in the four untreated animals that progressed to
terminal AIDS and developed SIVE. We assume that the total standard deviation consists of
the instrumental error combined with the error generated by the biological diversity of the
animals. Based on stability tests on animals that were scanned three or more times in the 7.0
T Instrument, we were able to determine the coefficient of variance for the same animal to
be 3.5%. Thus, using four animals we are able to identify a minimal detectable difference of
7% in the same animals between pre and post depletion with 80% power at a two-sided 5%
significance level. On the other hand, changes in metabolites are typically on the order of
20% for NAA/Cr at 8 wpi and 20-40% of Cho/Cr at 2 wpi and 8 wpi in SIV-infected CD8-
depleted animals and should therefore be detectable.
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In vivo 1H MR spectra were acquired from the frontal cortex (FC), basal ganglia (BG) and
white matter semiovale (WM). Figure 1 depicts a representative spectrum acquired from an
animal prior to CD8 depletion. 1H MR spectra acquired with short echo time (TE=30ms) are
characterized by resonances primarily arising from N-acetylaspartate and N-
acetylaspartylglutamate (collectively referred to as NAA), choline-containing compounds
(referred to as Cho), myo-Inositol (MI), creatine-containing compounds (referred to as Cr)
and the glutamate and glutamine concentrations (so-called Glx).

Figure 2a shows the changes over time in the metabolic ratios of NAA, Cho, MI and
glutamate and glutamine (Glu+Gln, Glx) to creatine in the white matter (WM) in one
representative animal before and after CD8 depletion. Metabolites did not reveal alteration
due to the CD8 antibody treatment. Figure 2b shows the mean NAA/Cr ratios in the WM,
FC and BG of the four CD8-depleted animals as a function of time post-CD8 depletion.
Again, we found no significant changes in any of the brain regions over time. In addition, in
all three brain regions we examined, we evaluated the changes in Cho/Cr, MI/Cr and Glx/Cr
as well as the metabolite concentrations of Glx, NAA, Cho, MI and Cr using the
unsuppressed water peak as reference before and after CD8+ lymphocyte depletion; we
found no statistically significant changes due to CD8 depletion (RM ANOVA p > 0.05).

Histopathology and Quantitative Immunohistochemistry on a) SIV-infected CD8-depleted
animals, b) uninfected CD8-depleted animals, and c) uninfected non-CD8-depleted animals

Table 1 summarizes the clinical and histopathological findings for all 14 animals included in
the postmortem evaluations. All four CD8-depleted showed no significant clinical
abnormalities. At day of necropsy animals presented in normal body condition. Their
mesentrical lymph nodes were mildly enlarged consistent with increased lymphocyte
proliferation [23]. In addition there was a small focus of lymphocytes in the choroid plexus
and in the meningitis in two of these animals, respectively. Histopathologic review of H&E
slides of the four CD8 depleted, uninfected control animals confirmed the absence of
significant alteration in the CNS. There was no evidence of opportunistic infections that
would suggest persistent immunosuppression. Lymphoid hyperplasia was observed in three
of the four CD8 depleted uninfected controls consistent with observations made by other
investigators that expansion of CD4 memory cells may occur as a consequence of CD8
depletion [23]. None of the uninfected macaques exhibited immunosuppressive disease or
CNS inflammation.

In contrast, all four of the animals that were infected intravenously with SIVmac251 and
depleted of CD8+ lymphocytes developed AIDS and SIVE. AIDS was confirmed by the
histopathologic presence of one or more of the following AIDS defining lesions:
opportunistic infections, giant cell encephalitis, giant cell pneumonia, pulmonary
arteriopathy, lymphoid depletion, or wasting [12, 14]. SIVE was defined by the presence of
MNGC, accumulation of viral-laden perivascular macrophages and presence of virus in the
brain.

In general, immunohistochemical detection of CD8+ lymphocytes in brain in all groups
revealed rare to occasional CD8+ cells particularly within the meninges, around blood
vessels, and rarely scattered within the parenchyma. Fewer cells were observed within the
meninges and parenchyma of CD8-depleted uninfected animals compared to those of the
non-depleted uninfected controls. Analysis of SIV-infected CD8-depleted animals revealed
slightly higher presence of CD8+ cells particularly within the meninges, which may reflect
newly infiltrating cells consistent with re-emergence of CD8+ cells within the peripheral
circulation (Table1).
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We quantified SYN, MAP2, and GFAP levels in the frontal cortex (FC) of eight SIV-
infected CD8-depleted animals, the four uninfected, CD8-depleted animals and six
uninfected non-CD8-depleted controls. Overall, neuronal/astroglial markers were not found
to differ between the two uninfected control cohorts. However, infected animals revealed
decreased levels of both SYN and MAP and increased levels of GFAP compared to the two
control cohorts. Figure 3a illustrates the mean SYN levels of each cohort (ANOVA p =
0.014). We observed statistically significant differences between the SIV-infected CD8-
depleted animals (SIV+/CD8-) and the uninfected non-CD8-depleted animals (controls) (p =
0.0046) as well as between the SIV+/CD8- macaques and the uninfected CD8-depleted
animals (CD8-) (p = 0.039). More importantly, there was no statistically significant
difference in SYN between CD8-depleted and non-depleted controls (p = 0.35). Figure 3b
shows the mean MAP2 levels of each cohort. Though differences between the cohorts are
not significant (ANOVA p = 0.24), infected SIV+/CD8- animals exhibited markedly lower
MAP2 levels compared to both control cohorts, while CD8-depleted and non-depleted
controls had approximately the same levels of MAP2.

GFAP measured in the frontal cortex (Figure 3c) revealed statistically significant differences
between the cohorts (p = 0.0002). GFAP levels were significantly elevated in SIV+/CD8-
animals compared to non-depleted controls (p = 0.0001) and to CD8-depleted animals (p =
0.0002). There was no statistically significant difference in GFAP between non-depleted
controls and CD8-depleted animals (p = 0.92).

The extent of microglial activation was quantified using ionized calcium binding adaptor
molecule-1 (IBA-1). Calcium binding adaptor protein 1, IBA-1 is expressed by resting
microglia and is upregulated when these cells are activated [11]. Widespread microglial
activation accompanied by intense staining of IBA-1 was observed in SIV+/CD8-animals
euthanized 8-12 weeks post infection. IBA-1 measured in the frontal cortex (Figure 3d)
revealed statistically significant differences between the cohorts (p = 0.0003). IBA-1 levels
were significantly elevated in SIV+/CD8-animals when compared to non-depleted controls
(p = 0.0003) and to CD8-depleted animals (p = 0.0002). There was no statistically
significant difference in IBA-1 between non-depleted controls and CD8-depleted animals (p
= 0.88).

Discussion
To our knowledge this is the first neuropathology and neuroimaging study to address
whether CD8+ lymphocyte depletion without SIV infection affects brain metabolism and/or
results in neuronal injury/astrogliosis. Our results demonstrate that none of the CD8-
depleted uninfected macaques (n=4) developed symptoms of AIDS or SIVE, while all
infected animals developed AIDS and SIVE (n=4). In the current study, we performed MRS
to determine whether metabolic changes detected by MRS could be attributable to CD8
depletion. The noninvasive nature of in vivo MRS permits data acquisition at multiple time
points, eliminating the need for serial sacrifice studies and minimizing the number of
animals needed. Nevertheless, there are limitations to the quality of in vivo spectra, which
are usually obtained at low field strengths. To improve the sensitivity in this study, we
performed MRS on a high magnetic field (7 Tesla) scanner to ensure we could detect
metabolic changes due to CD8 depletion, if they were present. It has been shown that higher
field strengths yield better signal-to-noise ratio, higher spectral resolution, and therefore,
improved quantification precision [8, 25, 31]. MRS revealed that neither NAA/Cr nor NAA
changed significantly after treatment with anti-CD8 antibody. Similarly, glial markers Cho
and MI did not show significant alteration upon CD8 depletion. The lack of observable
deviations from baseline in metabolite levels indicates that CD8+ lymphocyte depletion does
not significantly impact brain metabolism.
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Previously, our group has shown that SIV infection and CD8 depletion result in a rapid
decline in NAA/Cr; after eight weeks SIV infection and CD8 depletion, NAA/Cr levels were
significantly lower compared to pre-infection values in all brain regions we examined [26,
35]. In the acute stage of SIV infection without CD8 depletion, we observed transient and
reversible NAA/Cr changes in the frontal cortex [10], which led us to speculate that
longitudinal analysis of NAA/Cr could be a marker of the dynamic processes involved in
neuronal injury and repair. Additionally, we found that NAA/Cr correlated best with
synaptophysin compared to MAP2 and neuronal density during this reversible neuronal
injury in the early stages of disease [16]. Furthermore, NAA/Cr accurately corresponds to
degree of CNS inflammation; specifically the magnitude of decrease in NAA/Cr ratio has
been found to be associated with severity of SIVE [17]. Hence, NAA/Cr is believed to be a
very sensitive, reliable marker of neuronal injury and dysfunction.

Typically, increases in Cho and MI are considered to reflect increases in glial activity [2]. In
the SIV-infected CD8-depleted macaque model, we found a temporal increase in Cho and
Cho/Cr at 2 weeks post infection (wpi), and a subsequent decrease to baseline and below 4
wpi, consistent with the acute phase of SIV infection [10, 27]. At later stages, 8 wpi, Cho
and Cho/Cr increased once again, suggesting a second increase of gliosis. MI level appears
to be elevated at 2 and 4 wpi, and subsequently decreases back to baseline levels [26].

In addition, we conducted histopathological examination to evaluate the pre-synaptic and
dendritic integrity of tissue from the frontal cortex. Decreases in the expression of neuronal
markers synaptophysin (SYN), an integral protein in presynaptic terminals, and
microtubule-associated protein 2 (MAP2), a marker for neuronal cell bodies and dendrites,
have been shown to reflect the severity of neurodegeneration [22]. Consistent with previous
findings [26, 35], we observed significantly decreased levels of SYN in SIV-infected
animals compared to the two uninfected cohorts. Synaptophysin and MAP2 expression in
uninfected CD8-depleted animals and uninfected controls showed no statistically significant
difference upon comparison, confirming our MRS findings that suggested CD8+
lymphocyte depletion alone does not have measureable effects on neuronal integrity. Glial
fibrillary acidic protein (GFAP) is rapidly synthesized by astrocytes in response to
neurologic insult, and therefore, serves as a reliable marker of astrogliosis. The GFAP levels
measured in the SIV+/CD8- animals were significantly higher than those in the uninfected
cohorts, suggesting that astrocytes in the SIV+/CD8- animals suffered an insult as a result of
SIV infection and consequently underwent astrogliosis. These results are also consistent
with our previous findings [9, 13]. On the other hand, we observed no significant variation
in GFAP levels in the uninfected, CD8-depleted cohort compared to uninfected controls,
suggesting that CD8+ lymphocyte depletion alone has no significant effect on astrocytic
processes in the macaque brain. In addition, we have demonstrated that the CD8-depleted
control animals did not show significant evidence of microgliosis based on ionized calcium
binding adaptor molecule 1 (IBA-1) immunohistochemical analysis. Immunohistochemical
detection of CD8+ lymphocytes in brain in all three cohorts revealed rare to occasional
CD8+ cells.

In conclusion, MR spectroscopy revealed that metabolite concentrations and ratios do not
change with anti-CD8 treatment. IHC revealed no changes in neuronal integrity as well as
no astroglial response due solely to anti-CD8 treatment. These findings confirm the validity
of this accelerated rhesus macaque model of neuroAIDS and also prove that despite viral
manipulation of the immune system, brain metabolism is preserved.
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Figure 1.
Representative 7 Tesla MR spectrum acquired from the frontal cortex an animal prior to
CD8 depletion. 1H MR spectra are characterized by resonances primarily arising from N-
acetylaspartate and N-acetylaspartylglutamate (collectively referred to as NAA), choline-
containing compounds (referred to as Cho), myo-Inositol (MI), creatine-containing
compounds (referred to as Cr) and the glutamate and glutamine concentrations (so-called
Glx).
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Figure 2.
Figure 2 (a). Changes in Glx/Cr, NAA/Cr, MI/Cr, and Cho/Cr in the white matter semiovale
before and after CD8+ lymphocyte depletion in one representative animal over time. None
of the metabolite ratios showed any change due to the anti-CD8 treatment.
Figure 2 (b). Mean NAA/Cr ratios of the four CD8-depleted animals in the white matter
(WM), frontal cortex (FC), and basal ganglia (BG) as a function of time post-CD8 depletion.
No significant changes in any of the brain regions over time were found.
The error bars represent standard error of the mean (SEM).

Ratai et al. Page 13

J Med Primatol. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Quantitative image analysis of immunohistochemistry reveals no difference between CD8-
depleted, uninfected animals (CD8-) and non-CD8-depleted, uninfected controls (Control) in
(a) SYN, (b) MAP2, (c) GFAP and (d) IBA-1; however, there are significant differences in
SYN, GFAP and IBA-1 between SIV-infected, CD8-depleted animals (SIV+/CD8-) and
these two control cohorts. Horizontal bars within boxes represent mean values; height of
each box corresponds to standard error of the mean.
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