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Abstract
Aims—Microglia are involved in neurodegeneration, are prime targets for anti-inflammatory
therapy and are potential biomarkers of disease progression. For example, positron emission
tomography (PET) imaging employing radioligands for the mitochondrial translocator protein of
18 kDa (TSPO, formerly known as the peripheral benzodiazepine receptor) is being scrutinized to
detect neuroinflammation in various diseases. TSPO is presumably present in activated microglia,
but may be present in other neural cells.

Methods—We sought to elucidate the protein expression in normal human CNS, several
neurological diseases (HIV encephalitis, Alzheimer’s disease, multiple sclerosis and stroke) and
SIV encephalitis by performing immunohistochemistry with two anti-TSPO antibodies.

Results—Although the overall parenchymal staining was minimal in normal brain, endothelial
and smooth muscle cells, subpial glia, intravascular monocytes and ependymal cells were TSPO
positive. In disease states, elevated TSPO was present in parenchymal microglia, macrophages and
some hypertrophic astrocytes, but the distribution of TSPO varied depending on the disease,
disease stage and proximity to the lesion or relation to infection. Staining with the two antibodies
correlated well in white matter, but one antibody also stained cortical neurons. Quantitative
analysis demonstrated a significant increase in TSPO in the white matter of HIV encephalitis
compared to brains without encephalitis. TSPO expression was also increased in SIV encephalitis.

Conclusions—This report provides the first comprehensive immunohistochemical analysis of
the expression of TSPO. The results are useful for informing the usage of PET as an imaging
modality and have an impact on the potential use of TSPO as an anti-inflammatory
pharmacological target.
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INTRODUCTION
In the central nervous system (CNS), microglia constitute a distinct glial cell population that
is derived from haematopoietic cells. As the resident brain macrophages, microglia function
as immune sentries, and they become activated in both acute and chronic conditions in a
context-dependent manner. While surveillance microglia may help maintain homeostasis in
the normal brain effectively, microgliosis may go awry and instigate damage resulting in
neurodegeneration and dementia in diseases such as Alzheimer’s and HIV-associated
dementia (see [1] for review). Although microglia must maintain the balance between
neurotoxicity and neuroprotection in injury, the complex network of factors which govern
their responses is only beginning to be deciphered [2–5]. It is possible that some components
of the network of microglial control can be manipulated for prognostic or therapeutic
purposes [6].

The translocator protein 18KDa (TSPO) is a receptor that is part of a multimeric complex
including a voltage-dependent anion channel and an adenine nucleotide carrier [7]. TSPO is
present in the outer mitochondrial membrane and it plays crucial roles in cell physiology, as
evidenced by its sequence conservation from bacteria to humans and that its genetic ablation
results in an embryonic lethal [8]. It plays a role in maintaining the mitochondrial membrane
potential, but also in cholesterol transport, making it crucial for steroidogenesis [9]. In
addition, the TSPO plays roles in cellular proliferation, apoptosis and inflammation as well
as porphyrin transport and haem biosynthesis (see [10] and [11] for review). The TSPO is
different from the central benzodiazepine receptor in terms of function, structure, expression
and pharmacological action [10]. In the CNS, TSPO is thought to be expressed by activated
microglia and, in addition, administration of the TSPO ligands in vivo or in vitro results in
suppression of microglialactivation including inhibition of cytokine expression [12;13].

Positron emission tomography (PET) is a useful tool to assess neuroinflammation and
detection of activated microglia. PET has a unique advantage over other imaging modalities
in that real-time cell metabolism and physiologic parameters can be quantified in active
disease processes [14]. The best studied TSPO radioligand used in PET imaging has been
[11C]-PK11195. Although there have been limitations with this ligand, many have been
worked out, and new high affinity ligands have been identified and are being studied [14–
16]. PET studies show that there is generally an increased retention of [11C]-PK11195 in
various neurodegenerative conditions including HIV encephalitis (HIVE), and its simian
model SIV encephalitis (SIVE), Alzheimer’s disease (AD), Huntington’s disease, multiple
sclerosis (MS), Parkinson’s disease (PD), stroke, amyotrophic lateral sclerosis, and CNS
neoplasms (see [14;15] for review). Traditional autoradiography studies of postmortem
tissues confirm that TSPO binding sites are increased in many of these diseases and that
these binding sites are primarily in microglia. Use of TSPO-binding radioligands to assess
neuroinflammation via PET imaging indicates that they may have value as a biosensor of
ongoing disease and may also be a target to reduce inflammation-mediated damage in
diseases such as HIV-associated neurological disorders and dementia ([17] and see [15;18]
for review).

Analysis of the TSPO expression in CNS remains of interest for several reasons. In the
laboratory, autoradiography has chiefly been used for visualizing the actual binding sites of
the TSPO ligands. Unfortunately, because of its well-known disadvantages including limited
resolving power, its use of radioactivity and a processing time in the week-to-month range,
autoradiography remains a very limited tool. Immunohistochemical determination of TSPO
expression in the human CNS would be an adjunctive means of studying TSPO [14].
Mapping the cellular localization and the degree of expression of TSPO by
immunohistochemistry (IHC) will better inform our usage and understanding of PET as an
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imaging modality. An increased understanding of TSPO cellular expression is also
important because it is being considered as a prognostic marker in types of non-CNS cancers
[19–21] and may prove useful for gliomas as well. Additionally, since TSPO ligands have
anti-inflammatory properties, suggesting a role for TSPO in neuroinflammation [12;13;22],
an understanding of its cell type expression in various disease states may be a key resource
in how to target the TSPO in these diseases. In the current study, IHC with two different
antibodies against TSPO was utilized to determine the cell-type specific expression and the
distribution of the receptor in the human CNS, with emphasis on HIVE and AD. The results
demonstrate that a variety of CNS cells are capable of expressing TSPO but that the pattern
of expression differs between normal and diseased CNS, as well as among different diseases
and cell types. However, microglia and macrophages remain the chief cell type upregulating
the TSPO expression in diseased brains.

METHODS
Patient Material

Formalin-fixed, paraffin-embedded brain tissue from cases from the Manhattan HIV-1 Brain
Bank of the National NeuroAIDS Tissue Consortium (NNTC) were grouped based on HIV-
serostatus and the presence of brain infection: HIV-seronegative (HIV−, n=4)), HIV-
seropositive without encephalitis (HIV+, n=5) and HIVE (n=10). The majority of sections
contained cerebral cortex (frontal, temporal or parietal) and associated white matter, but
some were derived from only cerebral periventricular white matter and others from basal
ganglia (see Tables 1 and 3 for details). HIVE sections for study were chosen based on the
presence of multinucleated giant cells and microglial nodules on H&E and/or presence of
HIVgag p24 expression by IHC. The details with regards to age and sex for all but one of
the cases from the NNTC have been previously reported [23;24]. The additional section
(Case 38) was from a 47-year old black female.

In addition to standard tissue sections, tissue microarray (TMA) slides prepared by the
Manhattan HIV Brain Bank were also utilized for this study. TMA consisted of a composite
of six cases (two each of HIV−, HIV+ and HIVE), each represented in two 1-mm tissue
punches on a single slide. TMA ensured that the different brain tissues were subjected to
identical staining conditions thus eliminating variables (S. Morgello et al., manuscript in
preparation).

While HIVE was a primary focus of this study, we have also studied postmortem human
brains with several other diseases in which previous studies have indicated upregulation of
TSPO. These included Alzheimer’s disease (AD), multiple sclerosis (MS) and ischemic
infarcts. All AD cases (n=9, courtesy of Dr. Peter Davies) were derived from the
hippocampus and adjacent temporal cortex and white matter. Three AD cases were available
as free floating vibratome sections and the other six were standard formalin-fixed, paraffin-
embedded sections. Brain sections with MS plaques or ischemic infarcts were derived from
the Albert Einstein College of Medicine Neuropathology Archives. Brain regions with
lesions were selected for IHC based on histological analysis of H&E sections. These
included sections from the occipital periventricular white matter (chronic silent MS), pons
(acute MS), basal ganglia (chronic infarct) and cerebellum (subacute and old infarcts). The
numbers of cases and origin of the sections is indicated in Table 1. The use of human
material has been approved by the Institutional Review Boards of both the Borough of
Manhattan Community College and the Albert Einstein College of Medicine.
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Animal specimens
Paraffin-embedded tissue sections from macaques (courtesy of Dr. Clayton Wiley) were also
studied for TSPO expression. One specimen was derived from an uninfected rhesus monkey
(SIV−), while three were from SIV-infected macaques, two (one pigtailed and one rhesus)
with encephalitis (SIVE) and one without encephalitis (SIV+, rhesus). All sections were
derived from anterior basal ganglia (caudate and putamen) with adjacent cerebral cortex and
associated white matter. The animals were housed at the University of Pittsburgh in
accordance with the American Association of Laboratory Animal Care and the Institutional
Animal Care and Use Committee of the University. The strain used to infect the three SIV-
infected macaques was a SIVDeltaB670viral swarm. Detailed information regarding the
animal protocols has been published previously [25].

Single-label colorimetric IHC for the TSPO
Deparaffinized brain sections were boiled for antigen retrieval in sodium citrate buffer
(DAKO, Carpinteria, CA), treated with 3% H2O2, blocked with normal goat serum, and then
incubated with the primary antibody over night at 4°C, as described [23;26]. Staining for
TSPO was completed using two different antibodies: a rabbit polyclonal antibody generated
against a C-terminal synthetic fragment based on the known human TSPO sequence [27]
and a mouse monoclonal antibody generated against a nearly identical c-terminal sequence
of human TSPO [28]. While both antibodies were generated against a similar C-terminal
fragment, the peptide was linked to a different immunogenic carrier. The mAb has a tyrosine
at the amino end and was linked to albumin, while the pAb was linked to keyhole limpet
haemocyanin via a cysteine. For the rabbit polyclonal antibody, IHC was performed as
described [27] using the LSAB2 kit (DAKO), which contains reagents for an avidin biotin
complex method. As a negative control, sections were incubated with normal rabbit serum.
For the mouse monoclonal antibody, the ImmPRESS anti-mouse Ig peroxidase kit (Vector
Laboratories, Ltd., Burlingame, CA) was used according to the manufacturer’s instructions.
Diaminobenzidine (DAB, brown) was utilized as the chromogen for TSPO, sections were
dehydrated and mounted. All washes in between steps were completed with phosphate
buffered saline (PBS). Single labeled sections were counterstained with hematoxylin after
the chromogen step. For a summary of all antibodies, their sources and the method of
staining used see Table 2.

Double-label IHC for the TSPO and Cellular Markers
Double label colorimetric IHC was performed for the TSPO along with cell-specific
markers, HIV-1 antigen or amyloid-β 40 (Aβ). For cell markers that are monoclonal
(CD45RB, CD68 and HIV-1 p24), the rabbit anti-TSPO was used for the double label IHC.
For polyclonal antibodies anti-GFAP and anti-Iba1, and monoclonal anti-Aβ, the mouse
monoclonal anti-TSPO antibody was used. The TSPO staining was completed as above, but
the sections were placed directly into the second primary antibody for the cell marker after
the chromogen step. Immunostaining for colorimetric IHC was performed sequentially such
that the first antibody was developed with DAB (brown), followed by the second primary
antibody and then the alkaline phosphatase-labeled secondary and 5-bromo-4-chloro-3-
indolyl phosphate with nitro blue tetrazolium (blue). For AD cases, after the TSPO stain was
complete, sections were treated with 90% formic acid for 15 minutes and washed with 1 M
Tris solution before the anti-Aβ antibody was applied. After all steps were completed, for all
double labeling experiments, sections were not counterstained, but were dehydrated and
mounted. See Table 2 for the antibody concentrations and methods used.

Fluorescent double label IHC for TSPO and cellular markers was also performed similar to
the colorimetric staining. Immunostaining for fluorescent IHC was performed sequentially
such that staining with TSPO was completed first with fluorescein (green), followed by the
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second primary and an Alexa fluorophor125 594-conjugated (red) secondary antibody. After
the last step was completed, slides were not dehydrated, but were counterstained with DAPI
and were mounted using Vectashield Mounting Medium (Vector Laboratories, Ltd.) to limit
background auto-fluorescence of the tissue. See Table 2 for the antibody concentrations and
methods used.

Antibody Absorption for the Rabbit Polyclonal anti-TSPO Antibody
Two sections were subjected to IHC side by side as described above, but one received the
primary antibody that was pre-incubated with a 20-fold excess of recombinant mouse
peripheral benzodiazepine receptor protein (Trevigen, Gaithersburg, MD) for two hours
prior to the primary antibody incubation step. The remainder of the steps for single-IHC for
the TSPO remained the same.

Digital image capture
Bright field images were captured using a Leica Leitz DMRB microscope with an Olympus
DP12 digital camera. Fluorescent images were captured with an Olympus IX81
electronically motorized microscope fitted with a Sensicam QE cooled CCD camera, which
was connected to a computer.

Quantitative analysis of TSPO staining and image analysis
Nineteen cases from the Manhattan HIV-1 Brain Bank and four macaque brains from the
University of Pittsburgh were single stained, most with both antibodies and most as serial
sections. The TSPO staining in single-stained slides was first analyzed semi-quantitatively
by two independent observers using a grading system from no staining (−) to high levels of
intense staining across the slide (++++) in various cell types, with good agreement between
the two observers. Cell types were assessed morphologically. Microglia and macrophages
were graded up to ++++. Immunoreactive astrocytes, neurons, and vessels were analyzed
using the scale similar to microglia/macrophages, except that the highest levels of staining
were only ++.

In addition to semi-quantitative analysis, quantitative analysis was performed. After images
were captured, the amount of staining was quantitatively analyzed using NIH ImageJ, a
downloadable public domain Java-based image processing program [29]. Cases of
conditions other than HIV were not analyzed because corresponding normal controls were
not available from each site.

Twenty random 400X images per stained section were captured from the white matter
regions of the brain. White matter regions were selected for their density of glial cells and
because the majority of the sections available were primarily composed of white matter.
Since images were stained with DAB (brown) and counterstained with haematoxylin, the
images were prepared using ImageJ such that the blue colour was removed and the brown
staining remaining was assessed according to previously published methods for multicolored
images [30]. A single threshold for background staining was used to process the images. The
entire image was used for analysis except in rare instances where intravascular staining or
staining artifact was present, in which case these items were removed with the marquee tool.
The amount of staining is expressed as the percent area fraction of pixels of the desired
colour (in this case, brown for DAB) which indicates the proportion of the image area that is
stained. The data for the three groups was compiled for statistics and is presented as the
average percent area stained for all cases of a single test group. The HIVE cases with
concurrent infections (one had neurosyphillis and had CNS lymphoma) were not used for
image analysis.
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To assess the propensity of vascular staining, the number of microscope fields with TSPO-
labeled endothelial or smooth muscle cells were counted as a percentage of total fields
analyzed for each case (HIV−, n = 4; HIV+, n = 4; and HIVE, n = 5). Twenty 400X fields
were analyzed per case.

Statistical analyses
Statistics were performed using GraphPad Prism Version 4.0. For the overall image analysis
of white matter and the vascular staining analysis, data among the three groups (HIV−, HIV
+ and HIVE) were compared for each antibody. Kruskal-Wallis analysis of variance was
performed to compare among groups, while Dunn’s multiple comparison tests were carried
out for pairwise comparisons. In order to compare the staining capabilities of the two
antibodies, Spearman correlation analysis was performed for cases in which serial sections
were available.

RESULTS
TSPO expression in normal human brain

Two antibodies, a mouse monoclonal (mAb) and a rabbit polyclonal (pAb), were used to
immunolabel the brain sections. Cell staining was present in both the gray matter (Figure 1A
and B) and the white matter (G, H)(also see Table 3). The quality of the staining was
punctate which is consistent with the reported mitochondrial localization of TSPO protein.
Due to the punctate nature of the cell processes, often complete cell shapes could not be
deciphered. Occasionally, positively stained process-bearing cells were identifiable as glial
cells (C, D, E), resembling microglia or astrocytes. Rarely, TSPO+ cells resembling
oligodendrocytes were also observed (not shown, but see Figure 2 for macaque brains). No
staining was observed with the control rabbit serum or normal mouse IgG1 (not shown). The
pAb (but not mAb) labeled neuronal cell bodies with punctuate spots (B), and both pAb and
mAb labeled some endothelial cells (F) and smooth muscle cells, in agreement with other
studies [27;31]. The vascular endothelial and smooth muscle cell stain were also highly
punctate. In general, the mAb was better than the pAb in staining vessel-associated TSPO.
Additional cells/areas in which TSPO immunoreactivity was observed in normal brains as
well as diseased brains included subpial glia (both astrocytes and microglia, Figure 1C),
meninges (vessels, macrophages, and sometimes arachnoid cells; not shown), ependymal
cells, subependymal glia (both astrocytes and microglia), choroid plexus (vessels,
macrophages, and choroid plexus epithelial cells, not shown), as well as intravascular
monocytes (not shown). Again, the staining pattern in these cells tends to be punctate or
granular.

Expression of the TSPO in HIV+ and HIVE
The HIV+ brains (Figure 1I and J) showed a range of staining (none to delicate) similar to
that in normal brain (see also Table 3). Two cases showed virtually no staining other than
vessels, while two other cases showed gray matter staining of delicate processes. Some of
the positive cells resembled “metabolic glia,” a form of reactive astrocytes with large
swollen nuclei, while others resembled microglia (not shown). The white matter stain in
some HIV+ cases (Figure 1I and J, for example) from the tissue microarray demonstrated
delicate, punctate process staining, reminiscent of microglia.

The HIVE brains displayed staining in compartments observed in normal cases (such as
meninges, ependymal cells and subependymal glia—both astrocytes and microglia—and
intravascular monocytes), but also showed markedly enhanced staining in the parenchyma,
particularly in regions of infection. In cases where the infection was diffuse [23], ramified
glial cells had enhanced TSPO positivity, most of which were clearly identifiable as
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activated microglia. All cases also showed TSPO+ perivascular macrophages. At low power,
the TSPO+ areas were identifiable as microglial nodules and multinucleated giant cells
(MGCs) (Figure 2A, B). TSPO+ hypertrophic astrocytes were also present in HIVE cases
based on morphology (Figure 2A–C, also see Table 3). The subcellular distribution of TSPO
in reactive astrocytes appeared more diffusely cytosolic, especially with the pAb. In
addition, superimposed discrete punctate staining was present in most TSPO+ astrocytes.
These puncta were often (but not always) arranged in the periphery of the cell body.
Microglial staining was also present in the gray matter, especially in areas of HIV infection
where staining was prominent (not shown). Infiltrating T lymphocytes present in many of
these brains [32], appear negative for TSPO. Of note, a CNS lymphoma in HIVE
demonstrated tumour cells to be TSPO+, as well as the infiltrating macrophages and
phagocytic microglia (not shown). Oligodendrocyte staining was not readily evident in the
HIVE brains. Semi-quantitative analysis of cell type expression based on TSPO+ cell
morphology was performed for the single-stained sections of HIV−, HIV+ and HIVE (Table
3).

Expression of TSPO in macaque brains
Two SIVE and one each of SIV+ and SIV− brains were examined for TSPO expression. All
sections came from the same region of the brain, at the level of anterior basal ganglia and
adjacent cortex. Cell types observed to be TSPO+ in normal human brain, such as meningeal
cells, ependymal cells, subependymal glial cells, endothelial cells and vascular smooth
muscle cells, were also TSPO+ in macaque brains. In addition, the choroid plexus was also
immunoreactive, in agreement with rodent autoradiography studies [33;34]. Curiously,
neurons were much less often TSPO+ with the pAb in simian brains. The very few TSPO+
neurons showed intense granular staining (not shown). Similar to human brains, all macaque
brains displayed both TSPO+ ventricular and meningeal surfaces, though subpial and
subependymal gliosis was much milder (not shown). In macaque brain, the parenchymal
glial process staining was sparse and delicate in SIV− and SIV+ brains, while in SIVE
brains, this was greatly enhanced. The two SIVE cases had very different types of
pathologies, one characterized by a dense perivascular mononuclear infiltrate without MGC,
and the other by numerous MGCs in the perivascular and subarachnoid spaces (with
associated macrophages and lymphocytes). Microglial nodules were rare. In the former, the
TSPO immunoreactivity was shown as striking diffuse reactive microgliosis (Figure 2F) in
both the gray and white matter. The TSPO immunoreactivity in the latter was present
primarily in MGCs and macrophages (Figure 2G–J), but rarely in microglia. An additional
point of interest was that TSPO+ oligodendrocytes were present in the optic tract (and
vicinity) in one SIVE and the SIV− brain (Figure 2E). What were noticeably lacking in
SIVE were the TSPO+ hypertrophic astrocytes that were present in most HIVE cases. Semi-
quantitative analysis of TSPO+ cell type expression in macaque brains is summarized in
Table 3.

Qualitative comparison of two TSPO antibodies
Many sections used in this study were examined by both of the antibodies (see Table 3) so
that direct comparisons could be made. For example, all HIV−, HIV+ cases as well as
selected HIVE cases were studied by both. In addition, all macaque brains were also stained
with both. The most striking difference is the presence of neuronal staining only with pAb.
The second is the prominence of vascular staining with the mAb more than with pAb. In
addition, in case of diffuse microgliosis, the mAb appear to stain them better than the pAb.
The third is that mAb was better in detecting TSPO+ hypertrophic astrocytes.

Nevertheless, in tissue microarray preparations (see Methods), the two antibodies showed
good correspondence. The images in Figure 1 panels G–L were taken from two serially

Cosenza-Nashat et al. Page 7

Neuropathol Appl Neurobiol. Author manuscript; available in PMC 2009 June 8.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



sectioned tissue microarray slides on which six cases were represented as duplicate 1-mm
tissue punches. Despite some qualitative differences previous mentioned, the images of
staining of serial sections in G–L indicate that the two antibodies have a good agreement
overall with the quality and the levels of staining in the white matter. Detailed quantitative
analysis of TSPO staining for these groups is presented below.

Antibody absorption for the pAb
The neuronal staining observed with the pAb (Figure 1B) was intriguing since TSPO ligand
binding has not been reported in human neurons, although it was reported in some types of
rodent neurons [35;36]. To determine the specificity of neuronal (and other cell) staining
with the pAb, we performed a protein absorption study. When the TSPO protein was
incubated with the primary antibody, the glial cell staining was reduced to approximately
half (52% by ImageJ) but the neuronal staining was not reduced (not shown). The
experiment was not repeated because the cost of the peptide was prohibitive, but the results
might imply that the neuronal staining is non-specific (see Discussion).

Quantitative immunohistochemical analysis for HIVE
An analysis comparing TSPO+ immunoreactivity in HIV−, HIV+ and HIVE brains was
only performed with the tissue from the NNTC since a complete set of normal controls was
available from the same source. While tissue microarray was useful for comparisons, it
limited the number of images that could be captured of each case for analysis. We therefore
proceeded to stain multiple HIV−, HIV+ and HIVE sections. Since white matter has been
shown to be important in TSPO ligand binding in SIVE [37] and the majority of the sections
studied had a propensity of white matter, we focused our analysis on the white matter
expression of TSPO.

Image analysis of TSPO-stained brain sections was performed using NIH ImageJ. Twenty
random 400X microscope fields of white matter per case were analyzed for each antibody.
Staining is expressed as the percent area stained and is displayed in a box and whisker
diagram (Figure 3A). The staining in HIV− cases ranged from 0.02–0.12% area stained for
the mAb and 0.03–0.11% for the pAb. The percent area stained in the HIV+ group ranged
from 0.01 to 0.10% for the mAb and 0.01 to 0.08% for the pAb. In HIVE, TSPO levels
ranged greatly such that some areas appeared to have low, normal-appearing TSPO
expression while microglial nodules had very high levels of TSPO. The average percent area
stained for HIVE cases ranged from 0.27 to 1.24% for the mAb and 0.01 to 0.5% for the
pAb. Some nodules had very high TSPO labeling; the highest observed TSPO expression in
the captured images was 4.7% area stained (which contributed to the large range shown for
the HIVE cases). The percent area stained among the groups (HIV−, HIV+ and HIVE) was
analyzed by Kruskal-Wallis analysis of variance and it was found to be significantly
different for both antibodies (p < 0.001). Analysis of the average immunolabeling between
groups indicated that the percent area stained for both the HIV− group and HIV+ group
were significantly different from the percent area stained of the HIVE group (based on
Dunn’s multiple comparison test, p < 0.001 for pair-wise comparisons marked by *) for both
antibodies. The percent area stained between HIV− and HIV+ groups was not significantly
different for either antibody.

For a number of cases (n = 8), serial sections from the same block were available to test
whether the staining for both antibodies in the same block of the same case was correlated.
The Spearman correlation analysis denoted that the relationship between percent area
stained by both antibodies is correlated (p < 0.05; Spearman r = 0.08). The linear
relationship between the percent area stained by the pAb and the mAb is shown in Figure
3B.
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In addition to glial cell staining, vascular staining was also quantified in HIV− (n=4), HIV+
(n=4) and HIVE (n=5) cases by calculating the percentage of 400X fields (twenty analyzed
per case) exhibiting TSPO labeling of endothelial and smooth muscle cells. Because of the
superior ability of the mAb to stain vasculature, only the sections stained with the mAb were
analyzed in this manner. The results show that TSPO+ vessels appeared in approximately
one out of three 400X fields on average, with no differences observed between the groups
(Figure 3C). These results suggest that in contrast to glial staining, endothelial TSPO
staining may be constitutive. Qualitatively, however, the staining intensity in some HIVE
cases appears to be higher (not shown).

Double label IHC identifies microglia, macrophages and astrocytes to be TSPO+
To confirm TSPO+ glial cell identity, double IHC was employed in HIVE brains. CD68, a
macrophage-lineage marker was first used to identify TSPO+ macrophages and microglia
and this showed many double-positive cells, many of which are process-bearing (Figure 4A,
D). Most MGCs were CD68+ and TSPO+ (Figure 4B). The leukocyte marker CD45 also
demonstrated double-positive perivascular macrophages as well as MGCs (Figure 4E, F). In
regions of active HIV replication, as indicated by HIV-1 p24 immunolabeling (Figure 4C,
G), most HIV-infected cells were also TSPO+ (arrowheads). These results confirm that
macrophages and microglia are the major TSPO+ cell populations in HIVE.

Double labeling with the astrocyte marker GFAP showed that astrocytes can express TSPO
(arrowheads, Figure 5A, D), but that astrocyte expression was not as widespread as
microglial expression. In some cases, the area of TSPO+ astrocytes coincided with a region
of active HIV replication, based on HIV-1 p24 staining (Figure 5B). TSPO+ microglia
(GFAP−, arrows in all panels) were much more abundant than TSPO+ astrocytes (Figures
5C and E).

Expression of TSPO in MS
Several different types of MS lesions were stained for TSPO using the pAb. The same
chronic silent demyelinated plaque is shown with H&E and TSPO labeling (Figure 6A and
B, respectively). The demyelinated region is indicated with arrowheads in A. TSPO stain is
present in scattered fibrillary astrocytes (arrows, B; high power in C). Note that adjacent
normal-appearing white matter is devoid of staining. In another brain, an acute MS lesion is
shown to contain a number of phagocytic macrophages throughout the plaque, which were
also TSPO+ (Figure 6D). Adjacent brain showed neuronal staining as well as focal
microglial staining. These results suggest that macrophages and microglia represent the bulk
of TSPO+ cells in acute MS but that in chronic silent MS lesions, reactive astrocytes can
also express TSPO.

Expression of TSPO in ischaemic infarcts
Several different stages of infarcts were examined for TSPO with the pAb. In a sub-acute
infarct in the cerebellar cortex, scattered amoeboid microglial cells, many of those
surrounding Purkinje cells, were TSPO+ (arrowheads, Figure 6E). In a large cystic (old)
infarct in the basal ganglia, the phagocytes filling the cystic space were strongly TSPO+
(Figure 6F & G). In addition, the brain areas adjacent to the infarct showed many positive
hypertrophic TSPO+ astrocytes, as well as amoeboid microglia with punctate TSPO+ stain
(Figure 6F & G). The sections from brains with ischaemia were large and TSPO expression
was limited to the lesion and areas juxtaposed to the lesion, but areas away from the lesion
exhibited reduced, normal levels of TSPO (not shown).
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Expression of TSPO in AD
Sections of the hippocampus and adjacent temporal cortex and white matter from nine AD
cases were examined for TSPO expression. All cases were stained with the pAb and some
were stained with the mAb. The mAb (no neuronal staining) gave a distinct advantage in
viewing AD pathology. In AD, TSPO+ glial cells were widespread in the hippocampus and
adjacent brain regions of all cases. This included all sectors of Ammon’s horn and dentate
gyrus, including the molecular layers and the adjacent white matter (Figure 7A and B). The
numbers of positive glial cells varied depending on the case. The temporal neocortex also
showed widely dispersed TSPO+ glial cells (Figure 7A). The majority of TSPO-expressing
parenchymal cells in AD were microglia as shown with a macrophage marker, Iba1 (Figure
7C, E), but TSPO+ (Iba1−) astrocytes were also evident by morphology or by double
labeling with GFAP (arrowheads in C, E and not shown). Clusters of TSPO+ cells were also
localized within or surrounding senile plaques, as observed with a stain for β-amyloid
(Figure 7D, F). β-amyloid was also detected in vessels which were TSPO+ (Figure 7G).

DISCUSSION
The current study is a comprehensive analysis of TSPO immunoreactivity with two different
anti-TSPO antibodies in normal and diseased human brain. IHC with three different
commercial antibodies, one in our hands and two by a colleague (S. Venneti, personal
communication), had been attempted before success was achieved with the two laboratory-
derived antibodies used in this study. These antibodies have been previously used to stain
skin [27;38], various other peripheral tissues [28], an assortment of tumours including CNS
neoplasms, and neuropathological conditions such as AD, MS and PD [31;39;40]. We find
that these antibodies were both useful and generally had good agreement in their level of
staining (see Figure 1 and Table 3), although there were some differences. It is important to
note that while the antibodies were generated with a similar C-terminal fragment, their
epitopes might be distinct, which would account for some of their differences in detecting
TSPO expression. In addition to the different animal species from which the antibodies were
derived and the slightly different methods utilized to produce these antibodies, the
differences between the cell-specific staining of the two antibodies (Table 3) may also have
been, in part, due to the sensitive micropolymer-based secondary antibody method
(ImmPRESS) adopted for the mAb. Nevertheless, the two antibodies had good
correspondence with regard to microglial, macrophage and astrocyte staining. The present
study can be used in conjunction with autoradiography data, but the results should be
interpreted independently since the binding sites of radioligands and histochemical
antibodies may be different. One study in an animal model of neurotoxicity found a
discrepancy between ligand binding and immunohistochemistry [33], and others have noted
that this is perhaps due to the differential binding sites of antibodies and radioligands such as
PK11195 [41].

Our study is the first demonstration of TSPO IHC in HIVE and stroke and the first
comprehensive study of cell type expression in AD, although previous studies have reported
TSPO protein expression [31;39;42;43]. In regards to normal brain, our results complement
those from autoradiographic studies [33;43] and confirm that TSPO expression is minimal.
TSPO expression in ependymal cells and choroid plexus has also previously been noted
[15]. In addition, we confirm that microglia and macrophages are the predominant cell type
expressing TSPO in diseased brains and that astrocytes can also express TSPO in humans.
Upregulation of TSPO has been confirmed by IHC only recently for gliomas and in AD
[31;42;43]. Tomasi et al. performed anti-TSPO IHC along with autoradiography in AD [31].
Although they emphasized vascular immunoreactivity, glial TSPO staining was also
apparent (see Figure 7 in [31]). Others have reported that increased TSPO may be present in
the frontal cortex of AD brains in both microglia and astrocytes based on autoradiography
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for TSPO and assessment of gliosis [44]. Takaya et al. also reported TSPO+ microglia in
MS and PD brains, although cell-type specific analysis was not performed [39]. It is
generally accepted that microglia and macrophages are the primary cell types exhibiting an
increased number of TSPO binding sites in human pathologies, and that astrocytes are not
significant contributors to increased TSPO binding sites [44;45].

Previous studies using autoradiography and co-localization of cellular markers with IHC
have been performed in various human CNS diseases and in animal models of these diseases
(see [14;18] for review). Based on traditional autoradiography and IHC for cellular markers,
in peripheral tissues, TSPO has been shown to be present in epithelial cells (exocrine and
endocrine), endothelial cells, immune cells such as macrophage-lineage cells and
hepatocytes [27;28]. In the human CNS, microglia and endothelial cells have been shown to
express TSPO readily ([31] and see [14] for review). Our study confirms this and indicates
that microglia strongly express TSPO in the cell body and in processes (Figures 1,2), where
mitochondria would be located. While most studies agree that TSPO upregulation occurs in
disease-associated microglia, elevated microglial TSPO is not always observed. For
instance, tumour-infiltrating microglia in anaplastic astrocytomas were apparently devoid of
TSPO immunoreactivity and it was speculated that tumour cells might actively suppress
microglial TSPO [39]. That may not be the case for all tumours, however, because we
observed phagocytic microglia throughout a CNS lymphoma in one HIVE case (not shown).
Differing mechanisms are likely occurring in various tumour types.

In contrast to microglia, astrocytic TSPO has been observed in various conditions in rodents
[33;46;47], but TSPO+ astrocytes have been rarely observed in humans and are particularly
noted in hepatic encephalopathy [48]. Venneti et al. observed that microglia are the major
cells contributing to increased radioligand binding in AD brains, but that astrocytes are not a
negligible factor [44]. In the current study, the subcellular distribution of TSPO in human
astrocytes is both diffuse and punctuate. Others have shown that TSPO can be present in
non-mitochondrial locations that may account for this observation [15;33;49].

Studies that observed TSPO upregulation in both astrocytes and microglia suggest that their
expression is temporally distinct [33;46;47]. Using various rodent models of neurotoxicity
and demyelination, Guilarte and colleagues speculated that microglial TSPO is upregulated
soon after damage and is resolved quickly, but that the onset of astrocytic expression is
delayed but it is then persistent [33;47]. This is different from the work done by Chen et al.,
who observed that the opposite was the case and that microglial binding sites persisted in the
rat model of ethanol-induced neurotoxicity, while the astrocytic response was transient [46].
In our study, TSPO+ astrocytes were present in all human disease states, but much less
frequently than TSPO+ microglia, suggesting that astrocytic expression may be shorter-lived
and/or it occurs only in a subset of astrocytes. Astrocytic expression also tended to be
observed in chronic conditions (such as HIVE, chronic MS plaques and AD). The lack of
astrocytic staining in SIVE is interesting in light of the studies demonstrating microglia and
not astrocytes having increased TSPO ligand binding in SIVE [37;50]. It is possible that
TSPO+ astrocytes were not observed in SIVE because of the limited number of cases
studied (two), the shorter disease span in monkeys compared with humans, or because there
is a true species difference (albeit that seems unlikely).

Based on previous work with activation markers and the reported PET studies employing the
TSPO radioligands, we anticipated that microglial TSPO would be elevated in HIVE and
SIVE. We also anticipated there to be a slight increase in TSPO positivity in HIV+ (and SIV
+) cases, since our work with several immune markers indicated microglial activation in
some HIV+ individuals [23]. It is unclear whether the lack of TSPO upregulation in HIV+
cases represents lack of observable microglial activation in these particular cases or regions
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studied, or whether HIV infection is required for TSPO upregulation. We feel the latter is
unlikely considering that TSPO expression is present in various disease states. Nonetheless,
our results are consistent with those by Venneti et al. which showed no significant increase
in TSPO radioligand binding in HIV+ individuals [51]. Wiley et al. observed that HIV+
cognitively impaired individuals (post-HAART) did not show an increase in TSPO
radioligand binding [51]; however, in both SIVE and HIVE, increased binding of TSPO
radioligands were readily demonstrable [52;53]. Although these studies are not analogous to
each other (clinical versus pathologic entities), this may be evidence that viral replication is
playing a role in TSPO upregulation in HIV/SIV-infected brain.

Endothelial and smooth muscle cell staining for TSPO in vasculature has been observed
[27;31]. In AD, Tomasi et al. showed that the presence of TSPO staining in vessels
decreased with age and in the presence of AD [31]. We observed that TSPO+ vasculature
was present in brains regardless of whether they were HIV−, HIV+ or HIVE and there does
not seem to be a significant increase in HIVE brains, suggesting that unlike glial cell TSPO,
endothelial TSPO might be constitutive. This observation is important because
cerebrovascular expression of TSPO would impact the binding and distribution of TSPO
ligands in the brain parenchyma. Since endothelial expression is present in normal CNS, this
may indicate a functional compartment of TSPO separate from the glial compartment, which
is regulated differently in a disease-dependent manner.

The neuronal staining observed with the polyclonal antibody remains a conundrum. The
specificity of both antibodies has been confirmed by immunoblotting and subcellular
localization has been verified by electron microscopy [27;28;54]. Neuronal expression of
TSPO has been observed in rodents [35;36;55] but not in humans and we originally believed
the staining to be non-specific. Our antibody absorption experiment supports this notion;
however, we cannot dismiss neuronal TSPO as non-specific based on the following reasons.
First, it is possible that the antibody absorption was not 100% effective because the protein
used was derived from the mouse. Second, the distribution of TSPO in neuronal cell bodies
was punctate, suggestive of mitochondrial distribution. Third, studies have shown that
different human (and other mammalian) isoforms of TSPO exist [56–58]. Thus, it is possible
that the neuronal form represents a different isoform or a structurally related molecule which
is not yet identified. In light of these findings, it is of interest to speculate whether some of
the gray matter TSPO radioligand binding (compared to white matter) observed in some
PET studies ([37;59;60] and see [14] for review) is due to neuronal binding. Variable TSPO
isoforms may also explain different affinities of ligands [16] for the TSPO and would have
ramifications for the potential use of ligands as therapeutics.

The mechanisms regulating TSPO expression in microglia and astrocytes are unknown.
Papadopoulos and colleagues have shown that the Sp1/Sp3 and members of the Ets family
of transcription factors control basal expression of the TSPO [61]. Less is known about the
transcriptional elements involved in the inducible expression of this molecule; however,
inflammatory cytokines such as interleukin-1β, tumour necrosis factor-α and interferon-γ
have been shown to increase levels of TSPO in various cell types, including astrocytes [62–
65], indicating the presence of cellular mechanisms that upregulate TSPO during
inflammation. Our own preliminary data indicates that interleukin-1β can increase TSPO in
primary human astrocytes (not shown). The purported involvement of TSPO in
neuroinflammation and neurological disorders (see [18] and [66] for review) points to its
potential as a drug target and TSPO ligands have been shown to prevent neuronal loss in
several animal models [13;67–69]. Broad-spectrum anti-inflammatory TSPO-binding
ligands that penetrate the CNS readily may be useful in CNS inflammatory conditions. This
investigation sheds light on the expression of TSPO in normal brain and in various
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neuropathologic conditions, and may have a direct impact on understanding its potential as a
pharmacological target and its uses in medical imaging.
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Figure 1. Comparison of monoclonal (mAb) and polyclonal (pAb) anti-TSPO antibodies in
human CNS
Staining is present in both grey matter (A, B) and white matter (G, H) glial cells of normal
human brain. The pAb has some staining of neurons (B), which is not observed with the
mAb (A). The staining in normal brain is minimal, in general, although there is some case
variation (see Figure 3, Table 3) and subpial glia (C) and ependymal cells (not shown)
routinely express the TSPO. Under high power, most positively stained parenchymal cells
have microglial morphology (D, E). Endothelial cell staining is more often observed with
the mAb than with the pAb (F). Despite these differences, the two antibodies have good
agreement with their staining in the white matter. The same normal case (G, H), HIV-
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seropositive case (I, J) and HIVE case (K, L) are stained with both antibodies as indicated.
The scale bar represents 50 μm for A–C and G–L, but 20 μm in D–F.
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Figure 2. Expression of TSPO in HIVE and in the SIV model in macaques
TSPO is shown in three cases of HIVE (A–C). The staining is with the pAb unless indicated
otherwise. The microglial nodule shown in A is laden with TSPO+ perivascular cells and
TSPO+ astrocytes are present. In all panels, TSPO+ astrocytes are indicated with
arrowheads and cells were identified based on morphology. The microglial nodule shown in
B is full of TSPO+ multinucleated giant cells. The area shown in (C), away from a
microglial nodule, shows TSPO+ astrocytes adjacent to a vessel. (D) Perivascular TSPO+
cells are shown in an SIV+ brain without encephalitis. TSPO+ perivascular cells are also
present in SIV− brain (not shown). (E) illustrates TSPO+ oligodendrocytes, based on the
typical linear arrangement. (F) displays ramified microglia (based on morphology) observed
throughout the parenchyma in one SIVE brain. One TSPO+ cell is shown in high power in
the inset of (F). (G–J) are serial sections of the same microglial nodule stained for CD68:
(G), SIV GP41 (H), the TSPO mAb (I) and the TSPO pAb (J). The scale bar represents 40
μm in A–F, 80μm in G–J and 12 μm in F inset.
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Figure 3. Image analysis of TSPO immunohistochemistry for HIVE and controls
Image analysis of TSPO was completed for twenty 400X microscope fields of white matter
per case for each antibody. (A) Staining is expressed as the percent area stained as analyzed
with NIH ImageJ, as described in the Methods. The data are represented as the median ±
range with the box indicating the 25th and 75th quartiles. The average percent area stained
for sections immunolabeled with the monoclonal antibody (mAb, white boxes) and sections
labeled with the polyclonal antibody (pAb, grey boxes) are shown. Asterisks denote p
<0.001 by Kruskal-Wallis analysis of variance followed by Dunn’s multiple comparison
test. (B) For cases where serial sections from the same case were available for both the mAb
and the pAb (total n = 8), a Spearman correlation analysis was performed which indicated a
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significant correlation (p < 0.05; r = 0.83). (C) Sections stained with the mAb were analyzed
for vessel staining as described in the Methods. The percent of fields where vessel staining
was evident was not significantly different between HIV−, HIV+ and HIVE based on one-
way analysis of variance (p > 0.05). N.S. = not significant.
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Figure 4. Double-immunohistochemistry for TSPO and microglial markers in HIVE
In HIVE, the majority of TSPO-expressing cells are microglia, as shown with CD68 labeling
(A, B, D panels) and CD45RB (E and F panels). Multinucleated giant cells are double
labeled (B). HIV-infected cells express TSPO as seen in microglial nodules stained for
HIV-1 p24 (C, G panels). Arrowheads illustrate some cells double-labeled for both markers.
The scale bar represent 30 μm in A, C and 12μm in B, 50 μm in D, E and G and 25 μm in F.
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Figure 5. TSPO in astrocytes in HIVE
All cases of HIVE displayed some degree of astrocytic expression. One case with relatively
high astrocytic expression of the TSPO is shown with double-label IHC for GFAP (A, D
panels). The same case is stained for TSPO with HIV-1 p24 (B). Two other cases with less
astrocytic staining are shown (C, E panels). Note that GFAP+ astrocytes are not double-
labeled in these cases. Double-labeled astrocytes are indicated with arrowheads, while
TSPO-expressing microglia (GFAP−) are indicated with arrows. The scale bar represents 30
μm in A and C, 60 μm in B, 12.5 μm in D and 50 μm in E.
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Figure 6. TSPO expression in multiple sclerosis (MS) and ischemic stroke
An area of demyelination is demarcated by arrowheads in an MS brain (H&E, A) and the
same region of this plaque shows high TSPO labeling in the demyelinated area (arrows, B)
as imaged from a serial section of the same block. TSPO+ cells in the old plaque are most
likely fibrillary astrocytes (shown in high power in C). In an active plaque, TSPO+
amoeboid macrophages are prominent (D). Transforming microglia around Purkinje cells
display strong TSPO positivity and are observed in a sub-acute infarct (E). TSPO+ cells can
be observed juxtaposed to the neurons (arrows, E). Bordering a chronic infarct were TSPO+
cells with astrocytic morphology (arrows, F, G), as well as amoeboid cells. The scale bars
represent 50 μm in A, B and F; 25 μm in D,E and G; and 15 μm in C.
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Figure 7. TSPO expression in Alzheimer’s disease (AD)
TSPO is present in glial cells sprinkled throughout the dentate gyrus and the adjacent areas
(A) as well as in the hippocampal white matter (B). Glial cells expressing TSPO included
Iba1+ microglial cells (C, E) as well as Iba1-negative cells, with astroglial morphology
(arrows, C, E). The region in E is a high power image of the boxed region in (C). Note the
dark spots within the cytoplasm (TSPO stain) of the Iba1+ ramified cell and the swollen
nuclei of the astrocyte-like cells in E. TSPO+ cells were also found associating with senile
plaques. Aβ+ plaques of various sizes are shown in (D) and TSPO+ glial cells radiate from
one plaque (F, high power). A vessel with amyloid angiopathy was also TSPO+ (G). The
scale bar represents 100 μm in A; 50 μm in B, C and D; and 20 μm in E, F and G. v = vessel
lumen.
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Table 1

Sources of tissue samples

Disease Status Tissue Source (Reference) Number of specimens Brain Regions Studied

Normal (HIV−), HIV+
and HIVE

National NeuroAIDS Tissue Consortium,
Manhattan HIV-1 Brain Bank [70]

4, 5 and10 Cerebral cortex and associated
white matter in most

SIV−, SIV+ and SIVE University of Pittsburgh Graduate School of
Public Health, courtesy of Dr. Clayton Wiley

1, 1 and 2 Anterior basal ganglia with
associated cerebral cortex and
white matter

Alzheimer’s disease Albert Einstein College of Medicine, courtesy of
Dr. Peter Davies

9 Hippocampus

Ischaemic infarct Albert Einstein College of Medicine, Division of
Neuropathology Archives

3 Basal ganglia, cerebellum, cerebral
cortex with associated white matter

Multiple sclerosis Albert Einstein College of Medicine Division of
Neuropathology Archives (n = 2), National
NeuroAIDS Tissue Consortium, Manhattan
HIV-1 Brain Bank (n = 1) [70]

3 Periventricular white matter, pons,
cerebellum

Neuropathol Appl Neurobiol. Author manuscript; available in PMC 2009 June 8.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cosenza-Nashat et al. Page 29

Ta
bl

e 
2

A
nt

ib
od

y 
so

ur
ce

s a
nd

 m
et

ho
ds

A
nt

ig
en

 (a
nt

ib
od

y 
ty

pe
)

Pr
im

ar
y 

A
nt

ib
od

y 
So

ur
ce

D
ilu

tio
n 

U
se

d
C

ol
or

im
et

ri
c 

Im
m

un
oh

is
to

ch
em

ic
al

 M
et

ho
d

Fl
uo

re
sc

en
t I

m
m

un
oh

is
to

ch
em

ic
al

 M
et

ho
d*

M
et

ho
d

R
ef

er
en

ce
 fo

r
C

ol
or

im
et

ri
c

IH
C

TS
PO

 (p
ol

yc
lo

na
l)

Ja
ne

t M
or

ga
n 

(R
os

w
el

l P
ar

k
C

an
ce

r I
ns

tit
ut

e)
1:

50
0

A
vi

di
n-

B
io

tin
 C

om
pl

ex
 M

et
ho

d 
LS

A
B

2 
ki

t
(D

A
K

O
) w

ith
 h

em
at

ox
yl

in
 c

ou
nt

er
st

ai
n

A
vi

di
n 

K
it 

(V
ec

to
r L

ab
or

at
or

ie
s, 

Lt
d.

,
B

ur
lin

ga
m

e,
 C

A
) w

ith
 fl

uo
re

sc
ei

n-
co

nj
ug

at
ed

st
re

pt
av

id
in

 w
ith

 D
A

PI
 c

ou
nt

er
st

ai
n

[2
7]

TS
PO

 (m
on

oc
lo

na
l, 

8D
7)

Pi
er

re
 C

as
el

la
s (

Sa
no

fi
Sy

nt
he

la
bo

)
1:

35
0

Im
m

PR
ES

S 
an

ti-
m

ou
se

 p
er

ox
id

as
e 

ki
t (

V
ec

to
r

La
bo

ra
to

rie
s, 

Lt
d.

) w
ith

 h
em

at
ox

yl
in

co
un

te
rs

ta
in

A
vi

di
n 

K
it 

(V
ec

to
r L

ab
or

at
or

ie
s, 

Lt
d.

) w
ith

flu
or

es
ce

in
-c

on
ju

ga
te

d 
st

re
pt

av
id

in
 w

ith
 D

A
PI

co
un

te
rs

ta
in

[2
8]

 S
ta

in
in

g
m

et
ho

ds
 w

er
e

m
od

ifi
ed

 fo
r

th
is

 st
ud

y.

G
FA

P 
(p

ol
yc

lo
na

l)
B

io
ge

ne
x 

(S
an

 R
am

on
, C

A
)

1:
25

0
Pr

im
ar

y 
w

ith
 g

oa
t a

nt
i-r

ab
bi

t a
lk

al
in

e
ph

os
ph

at
as

e-
co

nj
ug

at
ed

 se
co

nd
ar

y
Pr

im
ar

y 
w

ith
 g

oa
t a

nt
i-r

ab
bi

t A
le

xa
 fl

uo
ro

ph
or

59
4-

co
nj

ug
at

ed
 se

co
nd

ar
y 

an
tib

od
y 

w
ith

 D
A

PI
co

un
te

rs
ta

in

[2
6]

C
D

45
R

B
 (m

on
oc

lo
na

l,
cl

on
e 

M
T4

)
Ph

ar
m

in
ge

n
1:

10
0

N
ot

 p
er

fo
rm

ed
 fo

r t
hi

s s
tu

dy
Pr

im
ar

y 
w

ith
 g

oa
t a

nt
i-m

ou
se

 A
le

xa
 fl

uo
ro

ph
or

59
4-

co
nj

ug
at

ed
 se

co
nd

ar
y 

an
tib

od
y 

w
ith

 D
A

PI
co

un
te

rs
ta

in

[3
2]

C
D

68
 (m

on
oc

lo
na

l, 
cl

on
e

K
P1

)
D

A
K

O
 (C

ar
pi

nt
er

ia
, C

A
)

1:
60

0
Pr

im
ar

y 
w

ith
 g

oa
t a

nt
i-r

ab
bi

t a
lk

al
in

e
ph

os
ph

at
as

e-
co

nj
ug

at
ed

 se
co

nd
ar

y
Pr

im
ar

y 
w

ith
 g

oa
t a

nt
i-m

ou
se

 A
le

xa
 fl

uo
ro

ph
or

59
4-

co
nj

ug
at

ed
 se

co
nd

ar
y 

an
tib

od
y 

w
ith

 D
A

PI
co

un
te

rs
ta

in

[2
3]

Ib
a1

 (p
ol

yc
lo

na
l)

W
ak

o 
Pu

re
 C

he
m

ic
al

In
du

st
rie

s, 
Lt

d.
 (R

ic
hm

on
d,

V
A

)

1:
50

0
A

vi
di

n-
B

io
tin

 C
om

pl
ex

 M
et

ho
d 

w
ith

 V
ec

ta
st

ai
n

ki
t, 

A
lk

al
in

e 
Ph

os
ph

at
as

e 
(V

ec
to

r L
ab

or
at

or
ie

s,
Lt

d.
)

N
ot

 p
er

fo
rm

ed
 fo

r t
hi

s s
tu

dy
[7

1]

H
IV

-1
 p

24
 (m

on
oc

lo
na

l,
cl

on
e 

M
IB

-1
)

D
A

K
O

1:
10

Pr
im

ar
y 

w
ith

 g
oa

t a
nt

i-r
ab

bi
t a

lk
al

in
e

ph
os

ph
at

as
e-

co
nj

ug
at

ed
 se

co
nd

ar
y

Pr
im

ar
y 

w
ith

 g
oa

t a
nt

i-m
ou

se
 A

le
xa

 fl
uo

ro
ph

or
59

4-
co

nj
ug

at
ed

 se
co

nd
ar

y 
an

tib
od

y 
w

ith
 D

A
PI

co
un

te
rs

ta
in

[2
3]

SI
V

 m
ac

25
1 

gp
41

(m
on

oc
lo

na
l, 

cl
on

e
K

K
41

)

N
IH

 A
ID

S 
R

es
ea

rc
h 

an
d

R
ef

er
en

ce
 R

ea
ge

nt
 P

ro
gr

am
(D

r. 
K

ar
en

 K
en

t a
nd

 M
is

s
C

ar
ol

in
e 

Po
w

el
l)

1:
20

0
A

vi
di

n-
B

io
tin

 C
om

pl
ex

 M
et

ho
d 

w
ith

 V
ec

ta
st

ai
n

ki
t, 

Pe
ro

xi
da

se
 (V

ec
to

r L
ab

or
at

or
ie

s, 
Lt

d.
) w

ith
he

m
at

ox
yl

in
 c

ou
nt

er
st

ai
n

N
ot

 p
er

fo
rm

ed
 fo

r t
hi

s s
tu

dy
[7

2]

β-
am

yl
oi

d 
40

(m
on

oc
lo

na
l, 

cl
on

e 
11

A
5)

Pe
te

r D
av

ie
s (

A
lb

er
t

Ei
ns

te
in

 C
ol

le
ge

 o
f

M
ed

ic
in

e)

1:
10

00
A

vi
di

n-
B

io
tin

 C
om

pl
ex

 M
et

ho
d 

w
ith

 V
ec

ta
st

ai
n

ki
t, 

Pe
ro

xi
da

se
 (V

ec
to

r L
ab

or
at

or
ie

s, 
Lt

d.
)

N
ot

 p
er

fo
rm

ed
 fo

r t
hi

s s
tu

dy
P.

 D
av

ie
s,

pe
rs

on
al

co
m

m
un

ic
at

io
n

* Fl
uo

re
sc

en
t m

et
ho

ds
 w

er
e 

de
vi

se
d 

fo
r t

he
 c

ur
re

nt
 st

ud
y.

Neuropathol Appl Neurobiol. Author manuscript; available in PMC 2009 June 8.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cosenza-Nashat et al. Page 30

Ta
bl

e 
3

Su
m

m
ar

y 
of

 T
SP

O
 im

m
un

or
ea

ct
iv

ity
 in

 H
IV

E/
SI

V
E 

an
d 

co
nt

ro
l c

as
es

H
IV

/S
IV

 st
at

us
C

as
e

B
ra

in
 r

eg
io

n 
st

ud
ie

d
1  

N
ot

ab
le

 p
at

ho
lo

gy
A

nt
ib

od
y

3  
M

ic
ro

gl
ia

/M
ac

ro
ph

ag
es

3  
A

st
ro

cy
te

s
3  

N
eu

ro
ns

3  
V

es
se

l S
ta

in

H
IV
−

16
W

hi
te

 m
at

te
r (

2  
w

.m
.)

2  
p

++
+

+
+

2  
m

++
±

-
+

18
C

or
te

x 
an

d 
w

.m
.

p
+

+
+

+

m
+

±
−

+

19
C

or
te

x 
an

d 
w

.m
.

p
+

−
+

+

m
+

+
−

+

28
C

or
te

x 
an

d 
w

.m
.

p
±

−
−

-

m
+

−
−

+

H
IV

+
13

C
or

te
x 

an
d 

w
.m

.
p

+
+ 

m
et

ab
ol

ic
 g

lia
 (2

m
.g

.)
+

+

m
+

+ 
m

.g
.

−
+

14
C

or
te

x 
an

d 
w

.m
.

2  
N

.A
.

m
±

−
−

+

15
C

or
te

x 
an

d 
w

.m
.

p
++

+ 
m

.g
.

+
+

m
++

+ 
m

.g
.

−
+

25
C

or
te

x 
an

d 
w

.m
.

p
−

−
±

±

m
−

−
−

+

26
C

or
te

x 
an

d 
w

.m
.

p
−

−
±

±

m
−

−
+

H
IV

E
1

C
or

te
x 

an
d 

w
.m

.
p

++
+

+
±

+

N
.A

.

4 3
5  

G
ra

y 
m

at
te

r (
2  

g.
m

.)/
w

.m
.

D
iff

us
e 

H
IV

, p
ro

m
in

en
t

m
ul

tin
uc

le
at

ed
 g

ia
nt

 c
el

ls
 (2

 m
.g

.c
.)

p
++

++
++

 h
yp

er
-tr

op
hi

c
(2

 h
t)

+
+

N
.A

.

4
G

.m
./w

.m
.

p
++

++
 h

t
++

+

m
++

++
 h

t
−

++

5
W

.m
.

p
+

+
N

.A
.

+

Neuropathol Appl Neurobiol. Author manuscript; available in PMC 2009 June 8.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cosenza-Nashat et al. Page 31

H
IV

/S
IV

 st
at

us
C

as
e

B
ra

in
 r

eg
io

n 
st

ud
ie

d
1  

N
ot

ab
le

 p
at

ho
lo

gy
A

nt
ib

od
y

3  
M

ic
ro

gl
ia

/M
ac

ro
ph

ag
es

3  
A

st
ro

cy
te

s
3  

N
eu

ro
ns

3  
V

es
se

l S
ta

in

N
.A

.

8
B

as
al

 g
an

gl
ia

 (2
 b

.g
.)

Pr
om

in
en

t m
ic

ro
gl

ia
l n

od
ul

es
 (2

m
.n

.)
p

++
+

++
 h

t
++

+

m
++

+
++

 h
t

++

9
C

or
te

x 
an

d 
w

.m
.

p
++

+ 
ht

++
+

m
++

++
 h

t
+

20
C

or
te

x 
an

d 
w

.m
.

p
++

+ 
ht

+
+

N
.A

.

22
W

.m
.

M
ac

ro
ph

ag
es

/a
m

oe
bo

id
 m

ic
ro

gl
ia

p
+

++
 h

t
N

.A
.

+

m
++

+ 
ht

N
.A

.
++

4 2
3

M
ul

tip
le

 a
re

as
 (C

or
te

x 
an

d
w

.m
.)

Pr
om

in
en

t m
.n

., 
ly

m
ph

om
a

p
++

+
++

 h
t

++
+

m
++

+
+ 

ht
++

38
C

or
te

x 
an

d 
w

.m
.

D
iff

us
e 

va
cu

ol
es

p
++

++
++

 h
t

+
+

m
++

+
+ 

ht
+

SI
V
−

C
W

97
–4

21
A

nt
er

io
r b

.g
. &

 a
dj

ac
en

t
co

rte
x 

an
d 

w
.m

.
p

−
−

+
±

m
−

−
−

+

SI
V

+
C

W
99

–2
24

A
nt

er
io

r b
.g

. &
 a

dj
ac

en
t

co
rte

x 
an

d 
w

.m
.

p
±

−
±

+

m
−

−
−

+

SI
V

E
C

W
00

–2
21

A
nt

er
io

r b
.g

. &
 a

dj
ac

en
t

co
rte

x 
an

d 
w

.m
.

pr
om

in
en

t m
.g

.c
.

p
++

−
+

±

an
d 

fo
ca

l g
lio

si
s

m
++

+
−

−
+

C
W

00
–2

20
A

nt
er

io
r b

.g
. &

 a
dj

ac
en

t
co

rte
x 

an
d 

w
.m

.
D

iff
us

e 
m

ic
ro

gl
io

si
s

p
++

+
−

+
+

m
++

++
−

−
++

1 Fo
r H

IV
E 

an
d 

SI
V

E,
 st

an
da

rd
 p

at
ho

lo
gy

, i
nc

lu
di

ng
 m

ul
tin

uc
le

at
ed

 g
ia

nt
 c

el
ls

 a
nd

 m
ic

ro
gl

ia
l n

od
ul

es
, w

as
 p

re
se

nt
. N

ot
ab

le
 p

at
ho

lo
gy

 is
 in

 a
dd

iti
on

 to
 st

an
da

rd
 p

at
ho

lo
gy

.

2 A
bb

re
vi

at
io

ns
 u

se
d:

 w
hi

te
 m

at
te

r (
w

.m
.),

 p
ol

yc
lo

na
l (

p)
, m

on
oc

lo
na

l (
m

), 
gr

ay
 m

at
te

r (
g.

m
.),

 b
as

al
 g

an
gl

ia
 (b

.g
.),

 m
ul

tin
uc

le
at

ed
 g

ia
nt

 c
el

ls
 (m

.g
.c

.),
 m

ic
ro

gl
ia

l n
od

ul
es

 (m
.n

.),
 n

ot
 a

va
ila

bl
e 

(N
.A

.),
hy

pe
rtr

op
hi

c 
(h

.t.
) a

nd
 m

et
ab

ol
ic

 g
lia

 (m
.g

.).

3 Th
e 

se
m

i-q
ua

nt
ita

tiv
e 

gr
ad

in
g 

sy
st

em
 w

as
 a

pp
lie

d 
to

 th
e 

av
er

ag
e 

nu
m

be
r o

f c
el

ls
 in

 te
n 

40
0X

 fi
el

ds
 su

ch
 th

at
 (−

) i
nd

ic
at

es
 n

o 
st

ai
ni

ng
; (

±)
, T

SP
O

+ 
pu

nc
tu

at
e 

sp
ot

s o
nl

y;
 (+

), 
1–

5 
TS

PO
+ 

ce
lls

; (
++

), 
5–

10
TS

PO
+ 

ce
lls

; (
++

+)
, 1

0–
15

 T
SP

O
+ 

ce
lls

 a
nd

 (+
++

+)
, 1

5 
–>

20
 T

SP
O

+ 
ce

lls
. T

SP
O

+ 
N

eu
ro

ns
 w

er
e 

on
ly

 a
ss

es
se

d 
w

he
n 

gr
ay

 m
at

te
r w

as
 p

re
se

nt
. A

st
ro

cy
te

s m
ay

 b
e 

hy
pe

rtr
op

hi
c 

(h
t) 

or
 m

et
ab

ol
ic

 g
lia

 (m
.g

.).
V

es
se

l s
ta

in
in

g 
in

cl
ud

es
 b

ot
h 

TS
PO

+ 
en

do
th

el
ia

l c
el

ls
 a

nd
 sm

oo
th

 m
us

cl
e 

ce
lls

.

Neuropathol Appl Neurobiol. Author manuscript; available in PMC 2009 June 8.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cosenza-Nashat et al. Page 32
4 C

as
e 

23
 is

 th
e 

ly
m

ph
om

a 
ca

se
; C

as
e 

3 
al

so
 h

ad
 n

eu
ro

sy
ph

ill
is

.

5 Th
e 

te
rm

 “
gr

ay
 m

at
te

r”
 is

 u
se

d 
w

he
n 

th
e 

an
at

om
ic

 re
gi

on
 c

an
no

t b
e 

po
si

tiv
el

y 
id

en
tif

ie
d 

fr
om

 th
e 

se
ct

io
n.

Neuropathol Appl Neurobiol. Author manuscript; available in PMC 2009 June 8.


